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Abstract 
Human papillomavirus (HPV) infection is a significant etiological factor and an important prognosticator in cervical cancer. Indeed, researchers 

worldwide have confirmed these roles for high-risk HVPs in over 70% of cervical cancer cases. According to the World Health Organization, 

approximately 561,200 new cancer cases (5.2% of all new cancers) are attributed to HPV infection. Over 120 types of HPV are classified 

further as either low-risk HPV (LR-HPV) or high-risk HPV (HR-HPV) based on their oncological potential of transforming cells. The LR-

HPV types cause benign hyperproliferative lesions (i.e. genital warts) while the HR-HPV types are strongly associated with premalignant and 

malignant cervical lesions. Data on the prevalence of HPV, survival of infected patients, and mortality rate are scarce in Saudi Arabia. The 

unsubstantiated assumption of a low prevalence of HPV in Saudi Arabia has contributed to limiting HPV research in this conservative country. 

Therefore, the goal of this review is to shed light on the current HPV research being conducted and the prevalence of HPV in Saudi Arabia. 
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Introduction 
Cervical cancer is both the fourth most common 

cause of cancer and the fourth most common cause of 

death from cancer in women worldwide [1]. In Saudi 

Arabia, cervical cancer ranks as the eleventh most 

frequent cancer in women, and the eighth most frequent 

cancer among women between the ages of 15 and 44 

[2]. The World Health Organization (WHO) has 

reported that 6.51 million women in Saudi Arabia aged 

15 years and older are at risk of developing cervical 

cancer. Current estimates indicate that 152 women in 

Saudi Arabia are diagnosed with cervical cancer and 55 

die from the disease each year [3]. In recognition of the 

global prevalence, comprehensive research efforts are 

ongoing to fight cancer and make this disease curable. 

Human, papillomaviruses are members of a family 

of small, non-enveloped papillomaviruses having a 

double-stranded DNA (dsDNA) genome. Composed of 

approximately 7.9 kilobases (kb) [4], all HPVs infect 

either the cutaneous or mucosal surfaces of epithelial 

cells. Approximately 189 HPV genotypes from this 

diverse group of viruses have been sequenced and 

classified according to their phylogenetic position, 

biological niche, and oncogenic potential with new 

types discovered regularly [5,6]. Based on their 

oncogenic potential, the 30–40 types from the α-genus 

of HPVs that infect the human genital tract can be 

subdivided into low- and high-risk types. Low-risk 

HPV types include HPV6 and 11. These low-risk 

viruses have been associated with benign anogenital 

warts or condylomata. By contrast, at least 12 high-risk 

HPV (HRHPV) types, HPV16, -18, -31, -33, -35, -39, -

45, -51, -52, -56, -58 and -59, have been associated with 

anogenital cancers as well as precursor neoplastic 

lesions [7-9]. 

Nearly a decade after the German researcher Harald 

zur Hausen hypothesized in 1974 that cervical cancer 

was caused by a chronic HPV infection of the cervix, 

he isolated HPV 16 and a year later HPV 18 in cervical 

cancer cells. Although the role of HPV in cervical 

cancer was not firmly established using large-scale 

epidemiological studies and molecular techniques until 

1990, Dr. Hausen shared the Nobel Prize in Physiology 

or Medicine in 2008 for his discovery [10, 11].  

Human papillomavirus (HPV) infection has been 

established as a significant etiological factor in cervical 

cancer [12]. Indeed, the presence of HPV has become 

increasingly important as an indicator of atypical 
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cervical cells and is now being used as a primary screen 

for cervical cancer in many clinics. Although marked 

progress has been made in understanding the molecular 

mechanisms that cause the transformation of a normal 

cell into a cancer cell, our knowledge is far from 

complete and much remains to be discovered. To date, 

researchers have confirmed that certain genotypes of 

HPV called high-risk types play a role in the 

development of cervical cancer; however, additional 

investigations are needed to gain a better understanding 

of HPV infection and its role in cervical carcinogenicity 

worldwide, particularly in Saudi Arabia. This review 

seeks to shed light on the HPV research currently being 

conducted and the prevalence of HPV in Saudi Arabia.   

 

Human papillomavirus and cervical cancer 
HPVs contain a double-stranded, closed circular 

DNA genome, which comprises approximately eight 

thousand base pairs with at least eight open reading 

frames that divide the genome into three regions. The 

first region, the long control region, includes the 

regulatory functions for the transcription of the E6 and 

E7 genes. The second region, the early region (E), 

contains six structural proteins, namely, E1, E2, E4, E5, 

E6, and E7, which are involved in viral replication and 

oncogenesis. The third region, the late region (L), 

encodes L1 and L2 structural proteins that form the 

major and minor capsid proteins, respectively [13]. 

Like all papillomaviruses, HPVs establish productive 

infections only in the keratinocytes of the skin or 

mucous membranes. While the majority of the known 

types of HPV cause no symptoms in most people, some 

cause warts (verrucae), whereas others can lead to 

cancers of the cervix, vulva, vagina, penis, oropharynx, 

and anus [14]. Over 120 subtypes of HPVs are 

classified as either low-risk (LR-HPV) or high-risk 

(HR-HPV) based on their oncological potential for 

transforming cells. The LR-HPV types cause benign 

hyperproliferative lesions, or genital warts, while the 

HR-HPV types are strongly associated with 

premalignant and malignant cervical lesions [15]. An 

HPV type is defined as an HPV isolate with an L1 gene 

sequence that is at least 10% unique when compared 

with any other type. With advances in molecular 

technology (especially sequencing), more information 

is being revealed about HPV types, subtypes, 

prevalence, and risk. Recently, for example, it was 

discovered that type 55 and 64 share over 93% sequence 

homology with HPV-44 and HPV-34, respectively; 

thus, type 55 and 64 are no longer considered separate 

types. In addition, new HPV subtypes, such as HPV-

68a and HPV-68b, were recently identified [16,17].  

To date, the late gene (L1) region has been the most 

commonly used target for HPV detection assays. 

Indeed, the L1 region sequences of different HPV types 

are sufficiently conserved to be utilized for primer 

design [9]. However, numerous studies have shown that 

the L1 region is a reliable target only if the virus is 

present in its episomal form and not in its integrated 

form. Because the L1 region is lost during HPV 

integration into the human genome, relying on L1 

primers could be misleading; thus, undetected viruses 

could later spread and lead to disease progression [18, 

19]. 

Whereas the L1 gene has been central for HPV 

detection and typing, the HPV E6 and E7 early genes 

are the most important viral oncoproteins perturbing the 

cell cycle. The E6 and E7 genes in high-risk HPVs are 

oncoproteins that can alter the function of cell cycle 

regulators. These two primary oncoproteins inactivate 

two tumor suppressor proteins, p53 (inactivated by E6) 

and pRb (inactivated by E7), leading to cell cycle 

disruption [20, 21]. In addition, these viral oncogenes 

are thought to modify the cell cycle so as to retain the 

host’s differentiating keratinocytes in a state favorable 

for the amplification and replication of the viral genome 

and consequent late gene expression. Importantly, E6 

and E7 genes are present in the episomal and in the 

integrated states of the virus and are retained in the 

cervical tumor. Therefore, these genes are strong 

candidates for use in HPV detection and viral load 

quantification, and have become the newly proposed 

targets for HPV detection in cervical cancer. 

Cervical cancer is a rare complication following 

infection with high-risk HPV, but every abnormal or 

dysplastic lesion of the cervix is potentially malignant 

and over time may develop into cervical cancer. The 

development of cervical cancer is considered a 

multistep process in which HPV is necessary, but it 

alone is an insufficient cause [22-24]. Disease develops 

only in the presence of a persistent cervical epithelium 

HPV infection. Abnormal cervical epithelial cells can 

be detected microscopically with Pap staining, and most 

laboratories worldwide perform the Pap smear test as a 

primary screen of cervical tissue, reporting the results 

according to the Bethesda System. Based on this 

system, squamous cell abnormalities are divided into 

the following categories, ranging from the mildest to 

the most severe results: atypical squamous cells of 

undetermined significance (ASCUS), low-grade 

squamous intraepithelial lesions (LGSIL), high-grade 

squamous intraepithelial lesions (HGSIL), and 

squamous cell carcinoma [25]. This forms the basis of 
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cervical screening programs for detection of women at 

risk for disease progression. 

 

HPV screening methods 
An HPV infection is diagnosed mainly using 

molecular biological methods because culturing and in 

vitro propagation of viruses are impractical and 

serological methods are insufficiently sensitive [26]. 

These molecular methods include DNA-based assays 

(e.g., PCR, in situ hybridization, reverse line plot, and 

the Hybrid Capture 2 [HC2] DNA assay) and RNA-

based assays (e.g., mRNA gene expression and protein 

assays). The DNA-based assays are best for HPV 

detection and typing in the early stages of infection, but 

once the disease progresses, RNA-based assays are 

considered more accurate. However, evidence also 

indicates that compared with HPV DNA-based assays, 

both direct and indirect detection of viral gene 

transcripts may constitute a more specific approach for 

delineating clinically significant infections. Certainly, 

HPV oncogene expression and evidence of its 

deregulation can be monitored through direct detection 

of viral mRNA transcripts [27]. Figure 1 proposes the 

most accurate assays (DNA vs. RNA assays) for each 

stage of disease, and these assays are applicable for use 

with all HPV types. The use of this proposed approach 

has already established that HPV-16 and HPV-18 

account for over 70% of all invasive cervical cancers 

[28,29]. 

 

HPV prevalence in the general population in 
Saudi Arabia 

Despite tremendous efforts, information on HPV 

prevalence in developing countries generally remains 

insufficient, and data on the HPV burden in Saudi 

Arabia are not yet available. However, in Western Asia, 

the region to which Saudi Arabia belongs, about 2.2% 

of the women in the general population are estimated to 

harbor cervical HPV infection at any given time, and in 

Asia about 68.5% of invasive cervical cancers are 

attributed to HPV-16 or HPV-18 [3]. The incidence of 

HPV infection in Saudi Arabia is controversial; some 

researchers claim that HPV infection in Saudi Arabia 

has the lowest rate in the world (1.9 cases/100,000 

women), whereas others claim that the rate of HPV 

infection among Saudi women is high. Among those 

studies claiming high prevalence of HPV in Saudi 

Arabia there is a recent one that described screening of 

519 cervical specimens using PCR and a reverse blot 

hybridization assay. Authors found that 164 (31.6%) of 

the specimens were positive for HPV. Among those 164 

HPV-positive specimens, 130 showed normal cytology, 

while 32 showed atypical squamous cells of 

undetermined significance [30]. A recent observational, 

epidemiological cross-sectional study conducted 

between April 2010 and December 2011 at three 

hospitals in Saudi Arabia investigated the prevalence of 

HPV in women aged ≥ 15 years who were attending 

routine gynecological examinations. The HPV test was 

conducted using polymerase chain reaction and typed 

using the SPF10 DEIA/LiPA25 system. Their results 

showed that in a group of 417 women, HPV-DNA was 

detected in 9.8% women. The most prevalent HR-HPV 

types were HPV-68/73, HPV-18, and HPV-16, while 

the most common LR-HPV types were HPV-6, HPV-

42, HPV-53, and HPV-54 [31].  

Another study described a relatively high 

prevalence of HPV-16 or HPV-18 cervical infections 

among women attending a family medicine clinic in 

Riyadh (capital city of Saudi Arabia) [32]. The HPV-

16/18 DNA detection with PCR followed by Southern 

blotting was performed on 120 women in Riyadh (Saudi 

and other Arab nationals) during their routine 

gynecological examinations. Overall, the HPV-16/18 

prevalence was 31.6%. The prevalence of HPV-16 

alone was 13.3% and HPV-16 as a mixed infection with 

HPV-18 was 15%, totaling 28.3% for all HPV-16 

infections. The prevalence of HPV-18 alone was 3.3%, 

hence 18.3% for all HPV-18 infections [32]. A study 

from the western region of Saudi Arabia examined 40 

Figure 1. The development of cervical cancer and proposed approach for DNA and RNA testing. Figure adapted from Jeantet et al., 2009 

[29] 
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cervical specimens using PCR and BioFilmChip 

microarray hybridization and reported positive HPV 

infections in the cervical specimens of 43% of the 

women, indicating an alarming rate of HPV infection in 

Saudi Arabia [33]. The most dominant type observed 

was HPV-16 (30%), followed by HPV-18 (8%), and 

HPV-45 (5%). 

In contrast to these studies reporting a high 

incidence of HPV, other studies conducted in Saudi 

Arabia reported low HPV prevalence. For example, 

Bondagji et al. examined 485 Saudi women attending a 

gynecology clinic in the western region of Saudi Arabia 

using the HC2 high-risk HPV DNA testing technique. 

They reported that the prevalence of HPV in their clinic 

was 5.6% [34]. Another study was conducted using the 

HC2 method on cervical biopsies from 45 Saudi 

women. Their results revealed the prevalence of HPV 

in cervical dysplasia and invasive carcinoma in the 

biopsy specimens of this Saudi population. The 

specimens tested positive for HPV in 29.4% of the 

patients with cervical dysplasia and 61% of the patients 

with invasive carcinoma [35].  

The discrepancy in the above reported results may 

be attributable to the different detection techniques used 

in the studies. Those studies reporting high rates of 

HPV used amplification techniques (e.g., PCR and 

nested PCR), whereas the studies reporting a low 

prevalence used hybridization techniques (e.g., in situ 

hybridization and HC-2). The hybridization techniques 

are known to have lower detection limits because they 

detect the exact amount of DNA present in the 

specimen. By contrast, the amplification techniques 

amplify a minute amount of DNA to millions of copies 

for detection.  

 

HPV prevalence among cervical cancer 
patients in Saudi Arabia 

Consistent with the incidence rate of HPV among 

cancer patients worldwide, Al-Badawi et al. screened 

cervical cancer specimens from Saudi patients and 

reported a rate of HPV infection of 95.5% [36]. The 

most common genotype was HPV-16 (63.4%), 

followed by HPV-18 (11.1%), HPV-45 (4.5%), HPV-

33 (3.3%), and HPV-52, 53, 58, 59, and 66 with 2.2% 

prevalence rates. Another study that screened cervical 

cancer specimens in Saudi women reported that 89% of 

the specimens were HPV positive [37]. Eleven different 

HPV genotypes were detected, including the high-risk 

HPV-16, 18, 31, 39, 45, 51, 59, and 73 and the low-risk 

HPV-6, 64, and 70. Consistent with previous studies, 

HPV-16 and HPV-18 were the most common 

genotypes.  

 

Other HPV studies in Saudi Arabia 
Advanced studies from Saudi Arabia have also 

investigated genetic polymorphisms in tumor 

suppressor genes that may be associated with HPV 

infection and disease progression to cervical carcinoma. 

Alsbeih et al. found an association between the single 

nucleotide polymorphism XRCC1 and cervical cancer 

in 100 screened cervical cancer specimens, suggesting 

a genetic predisposition that can be utilized as a 

biomarker of susceptibility to cervical cancer [38]. 

Another study, conducted in the Qassim region of Saudi 

Arabia, screened 40 uterine cervical carcinoma 

specimens, investigating the expression of HPV-16/18-

E6 oncogenes and the cell cycle marker P16 (INK4a) as 

prognostic markers for cervical carcinomas [39]. Their 

immunohistochemical analysis revealed that 52.5% of 

the specimens showed HPV-16/18-E6 positivity and 

significant correlations between HPV-16/18-E6 

expression in cervical carcinoma and nationality, 

smoking status, and tumor size. The expression of the 

cell cycle marker P16 was also significantly correlated 

with high grade stage of cervical carcinoma and HPV-

16/18-E6 expression. Thus, their results suggested the 

use of P16 and HPV-16/18-E6 as specific markers for 

cervical carcinoma. 

 

HPV awareness in Saudi Arabia 
Although cervical cancer is preventable and 

curable, most women in developing countries, 

including Saudi Arabia, present at the clinic with 

advanced stages that require extensive treatment, such 

as surgery, radiotherapy, and chemotherapy, lowering 

rates of survival [40]. Therefore, awareness and health 

education is crucial, especially for educating women 

about the importance of regular examinations that 

include Pap smear tests. Unfortunately, many studies 

have shown a lack of awareness in the Saudi population 

in general as well as in Saudi healthcare professionals 

regarding HPV infection, screening, and vaccination 

[41]. For example, one cross-sectional study used self-

administered questionnaires sent to school teachers, 

relatives, and friends to recruit 1,023 women from the 

western region of Saudi Arabia [42]. They found that 

37% of the women who participated had never heard of 

a Pap smear test, 95% did not perform Pap smear tests 

regularly, and most have never had a Pap smear. The 

majority of the participants (84.6%) did not know what 

HPV was. A recent observational epidemiological 

cross-sectional study was conducted between April 

2010 and December 2011 at three hospitals in Saudi 

Arabia to document the awareness of HPV infection 
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and health-related behavior among Saudi and non-

Saudi women attending routine examinations. The 

results showed that only 32.2% (101/314) of the women 

were aware of HPV and 89.9% (285/317) showed an 

interest in HPV vaccination [41]. 

 

Conclusions 
All studies presented in this review reporting on the 

prevalence of HPV in Saudi Arabia were clinical- or 

hospital-based. Thus, the true prevalence of HPV in 

Saudi Arabia cannot be estimated until a national study 

is conducted covering all 13 provinces of the country 

and targeting only Saudi women. In addition, awareness 

programs are needed to educate the public about the 

importance of Pap smear testing and available 

vaccinations for the prevention of cervical cancer. And 

finally, the development of strategic planning to 

increase the vaccination practice is needed. 
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