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Introduction

Cervical cancer (CC) stands as the second leading 
cause of mortality among women worldwide [1] and the 
third most prominent cause of death in Iran [2]. Human 
papillomavirus (HPV) serves as the primary etiological 
factor behind CC [3]. Various other risk factors also 
contribute to its development, including smoking, multiple 
pregnancies, oral contraceptive usage, inadequate dietary 
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intake of vitamins A and E, and a family history of the 
disease. A notable correlation has been established 
between HPV infections and the onset of cervical cancer, 
with approximately 90% of anal cancer cases linked to 
HPV. HPV, responsible for an annual death toll of 250,000 
individuals, encompasses over 200 genotypes, categorized 
as oncogenic or high-risk, with genotypes 58, 56, 52, 
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51, 45, 39, 33, 35, 31, 18, 16, and 59, probable high-risk 
types 26, 53, 66, and low HPVs 6, 11, 40, 43, 44, 54, 
70 [4]. Notably, genotype 16, followed by genotypes 
31, 16, 18, and 45, have been identified as the most 
prevalent HPV genotypes in over 70% of cervical cancer 
samples globally [5]. To date, researchers have identified 
a total of 100 types of human papillomaviruses (HPV), 
approximately one-third of which target the epithelial 
cells within the genital region. Human papillomaviruses 
that give rise to complications in the genital region can 
be categorized into two groups. The first group comprises 
low-risk papillomaviruses, such as HPV-11 and HPV-6, 
which are responsible for genital warts. The second 
group encompasses high-risk papillomaviruses, including 
HPV-18 and HPV-16, which are known to be causative 
agents of cervical cancer [6]. 

Human papillomaviruses have the capability to infect 
the skin and mucous epithelial tissue not only in the genital 
region but also on the hands and feet, thereby leading to 
various afflictions like skin warts, genital warts, laryngeal 
warts, and intra-epithelial neoplasia within the genital 
area, which frequently progress to malignancies. Notably, 
HPV-18 has been extensively isolated from cervical cancer 
cases and is accountable for approximately two-thirds 
of cervical cancer diagnoses in most countries across 
the globe. A consistent correlation has been established 
between infection by HPV-16, HPV-18, and HPV-31 and 
the presence of moderate to severe cervical dysplasia, and 
to a somewhat lesser extent, the development of invasive 
cancers affecting the cervix, penis, and anus. Furthermore, 
HPV DNA has been detected in up to 100% of cervical 
cancer specimens. Conversely, it has been identified in 
less than 10% of women exhibiting healthy uterine tissue 
[7, 8]. 

No specific treatment exists for HPV infection. 
Instead, destructive interventions, such as cryotherapy, 
trichloroacetic acid applications, lasers, and surgical 
procedures, are employed in the management of 
premalignant lesions [9]. The HPV vaccine prevents 
infection with certain types of HPV that are associated 
with the development of cervical and anogenital cancers 
and genital warts. So far, two types of HPV vaccines 
have been developed, Gardasil and Cervarix, and both of 
these vaccines are able to defend against HPV types 16 
and 18. Gardasil alone protects against four types of HPV, 
including 11, 6, 16, and 18, and Cervarix alone protects 
against two types of HPV-16 and -18 [10].

The most effective strategy for mitigating the incidence 
and advancement of cervical cancer centers on the 
implementation of comprehensive screening programs. 
These programs encompass the utilization of genetic 
markers, rigorously validated molecular diagnostic 
methods distinguished by their superior sensitivity and 
specificity, and the deployment of vaccines designed to 
target the predominant HPV genotypes within a specific 
geographical area [10].

Aforementioned, cervical cancer, primarily attributed 
to human papillomavirus (HPV) infection, remains a 
significant global health concern, with varying HPV 
genotypes contributing to diverse disease outcomes. 

While numerous studies have explored HPV prevalence, 
understanding the distribution of specific HPV genotypes 
within women’s cervical tissue samples remains a 
critical knowledge gap. Current HPV genotyping 
techniques, including pyrosequencing, offer a precise 
means to identify individual genotypes and assess their 
prevalence. However, a comprehensive investigation into 
the prevalence of different HPV genotypes in women’s 
cervical tissue samples is essential for informing targeted 
prevention and intervention strategies. This study seeks 
to address this gap by employing nested PCR and 
pyrosequencing to elucidate the prevalence of HPV 
genotypes in cervical tissue useful for HPV prevention 
and management efforts in Iranian population.

Materials and Methods 

Sample collection
In order to conduct this study, cytology brush samples 

were obtained from 1045 patients who had recently 
referred for HPV screening by gynecologist. The hospitals 
affiliated to the Iran University of Medical Sciences, 
Tehran, Iran, laboratory databases from 2015 to 2022 was 
searched to identify patients’ data. 

Eligible patients had HPV PCR test request, and had 
available and adequate sample for analysis. Patients 
samples which had not requested data or the sample was 
not available, or cases where did not meet the experimental 
requirements, were excluded from the study.

DNA extraction
To extract the virus genome, 200 ul liquid-based 

brush of cytology was obtained from all samples. The 
viral DNA was extracted from the genomic material 
using a Favoragene tissue genome DNA extraction kit 
(Favoragene Co., Taiwan) regarding to the manufacturer 
protocol. The isolated DNA was frozen at -20 °C for use 
in subsequent experiments.

HPV nested-PCR
In the initial reaction, universal primers MY09 and 

MY11 were employed to detect HPV infection using the 
PCR method targeting the human papillomavirus L1 gene. 
The target fragment in this reaction had a length of 451 
bp, visualized on a 1.5% agarose gel. In HPV-negative 
samples, a second reaction was performed using the 
primers GP5+ and GP6+, which amplified a 150 bp 
fragment of the L1 ORF region of the HPV genome. 
This conserved region in the HPV genome allowed for 
the isolation of most types of the virus. Heating protocol 
obtained from previous studies [4, 11]. The positive 
control was obtained from previous studies conducted by 
the group on this virus [4, 11], with its sequence confirmed 
and submitted to the GeneBank and It was included in each 
PCR round as an experiment positive control. A negative 
control was also used by extracting DNA from HPV-
negative samples obtained in this study. To validate the 
accuracy of DNA extraction, we employed PCR primers, 
specifically designed for the beta globin gene as an internal 
control to amplify a 110 bp fragment [11].
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and further BLAST search showed the most common 
HPV types were types 6, 18, 11, 16, respectively. By 
combining cytology and HPV genotyping results, in the 
LSIL samples the most common HPV types were 6, 18, 
16, 11; in the ASCUS samples there were HPV types 6, 
11; and in the HSIL cases there were HPV types 16, 18, 
respectively (Figure 2). 

Based on the age group, 30–40 years had the highest 
prevalence of HPV. The statistical analysis showed that 
there was no clear link between age and pathological 
features (p = 0.6). The average age in HPV positive cases 
was 36.1± 8.2 years, and 34 (21.4%) people diagnosed by 
mix infection (Figure 3).

Statistically, a noteworthy distinction is evident among 
various pathological patterns and the occurrence of 
simultaneous infections with multiple types of infections 
(p=0.007). Predominantly, the mix genotype infected 
cases exhibited LSIL pathology. Furthermore, statistically 
significant findings indicate a lower prevalence of 
HPV-6 and HPV-18 among patients who have contracted 
simultaneous infections (p=0.0001). Conversely, there is 
no statistically significant association observed between 
age and the occurrence of simultaneous infections 
with different types (p=0.09). However, a statistical 
correlation is discerned between HPV-16 infection and 
age (p=0.02), with a higher prevalence noted among 
younger individuals. Importantly, the analysis reveals 
no statistically significant relationships between age and 
pathological features (p=0.6), as well as for all other 
unmentioned variables (p>0.05). It is noteworthy that the 
Chi-square and U-Mann Whitney tests were employed in 
all the aforementioned statistical analyses.

Discussion

The findings of this study provide valuable insights 
into the prevalence of various genotypes of human 
papillomavirus (HPV) in cervical tissue samples from 
women, as determined through pyrosequencing. A total of 
1045 patients referred for periodic cervical examinations 
were included in this study, with 159 (15%) of them 
testing positive for HPV infection, while 886 exhibited 

Pyrosequencing
To identify the HPV type of each sample, we performed 

pyrosequencing on the immobilized single-stranded 
templates that had annealed to the GP5+ sequencing 
primer. We aimed to obtain sequence data from 20 to 
25 bases which are enough among the most common 
HPV types to enable typing. We used BLAST search 
(http://www.ncbi.nlm.nih.gov/BLAST/) to analyze the 
sequence data and determine the HPV genotype.

Statistical analysis
We performed stats with SPSS 16. We characterized 

the specimens by age, gender, and signs. We expressed 
continuous variables as median and IQR and categorical 
variables as number and percentage. We employed the 
chi-square and Wilcoxon-Mann-Whitney tests to examine 
categorical and continuous variables. We considered 
p < 0.05 as significant. 

Results

Of a total 1045 women cases, age was categorized 
into 6 groups (Figure 1). The most of cases (554/1045) 
were into the age group of 30–40 years, and followed 
by the age group of 40–50 years (212/1045). Cytology 
lesions based on pathology result was analyzed in each 
age category and shown in Figure 1. 

HPV prevalence 
By the nested PCR results, HPV-specific DNA was 

detected in the collected samples. Out of the 1045 cervical 
tissue samples obtained from participants, 159 (15%) were 
diagnosed as HPV positive, while 886 were negative. 
Overall, the study showed a 15% prevalence rate of HPV 
infection. Based on cytology analysis of different lesions, 
revealed that out of the 159 HPV positive samples, 80 
cases (50.3%) were identified as LSIL, 31 cases (19.4%) 
as HSIL, and 48 cases (30.1%) as ASCUS. The age group 
30–40 years showed highest amounts of HSIL, LISI, and 
ASCUS lesions. 

HPV genotyping based on pyrosequencing method 

Figure 1. Age Stratified Distribution of HPV Infection 
among the Cases. LSIL, low-grade squamous 
intraepithelial lesion; HSIL, high-grade squamous 
intraepithelial lesion; ASCUS, Atypical Squamous Cells 
of Undetermined Significance.

Figure 2. Prevalence of HPV genotypes, in positive HPV 
samples based on cytology lesions. LSIL, low-grade 
squamous intraepithelial lesion; HSIL, high-grade 
squamous intraepithelial lesion; ASCUS, Atypical 
Squamous Cells of Undetermined Significance.
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no evidence of infection. This yielded an overall HPV 
infection rate of 15% within this study population, 
indicating a relatively low prevalence of HPV. The 15% 
prevalence rate for HPV infection observed in this study 
is lower than that reported in several other Iranian studies, 
ranging from 39% to 87% [12-17]. Comparing the 
prevalence of HPV in this study to other studies conducted 
in Iran, Kayhan et al. found a prevalence of 73% [12], 
Al-Lawati et al. reported an HPV prevalence rate of 82% 
[13], and Onsory et al. reported a prevalence of 79% [14]. 
These differences in prevalence rates may be attributed 
to variations in the methodologies employed across the 
different studies. The current study utilized cervical tissue 
samples, while some previous studies relied on cervical 
smears or swabs. Tissue samples may have lower viral 
loads compared to direct cervical samples. 

In the present study, 20% of the examined HSIL cases 
were found to be associated with HPV, which is often a 
precursor to cervical cancer. Additionally, 50% of the 
LSIL cases examined were linked to HPV, as were 30% 
of the ASCUS cases. Discrepancies in these prevalence 
rates may be attributed to variations in the methodologies 
employed across the different studies. Regarding 
pathological lesions, our HSIL HPV prevalence aligns 
with Esmaeili et al.’s 39-66% range [16] but is lower than 
Allameh et al.’s 82% [15]. For LSIL, our 50% rate is lower 
than Esmaeili et al.’s 83%. These variations could reflect 
geographic differences in genotype distribution across 
Iran. Additionally, the use of tissue samples in our study 
compared to direct cervical samples may have impacted 
HPV detection sensitivity in precancerous lesions. 

Regarding HPV genotypes, our finding that types 6, 
18, 11, and 16 are the most common matches previous 
reports of type 16 dominance in Iran [17-19]. Safaei et 
al. identified HPV type 16 as the most common type in 
Shiraz [17], while Mortazavi et al. associated it with 
types 16, 18, and 33 [18]. Mobini et al. also found type 
16 prevalent in their study [19]. In some studies, types 
6 and 11 are more common than other genotypes in the 
low-risk group [20, 21].

 In this study, according to the age group, 30 to 40 
years had the highest prevalence of HPV. In another 
study, the age group of 21 to 40 years had the highest 
prevalence of HPV [22]. Liao et al. reported that the age 
group of 40 to 49 years had the highest prevalence [23]. 

Sabet et al. reported that the age group of 26 to 35 years 
had the highest prevalence of HPV [5]. This difference in 
age distribution between the results of the present study 
and other studies indicates a significant limitation in the 
present study, which is due to the limited number of the 
studied population.

Findings indicate a lower prevalence of HPV-6 
and HPV-18 among patients who have contracted 
simultaneous infections (p=0.0001). One study reported 
that co-infections were more prevalent with types 11 and 
18 [24]. The results of another study showed that types 
16, 18, 6, and 11 have a high tendency to be involved in 
co-infection [25].

Moreover, no statistically significant relationship 
exists between the age of simultaneous infection with 
different types (p=0.09). However, in a study, co-
infections in 35% of women’s cases, which was higher in 
people under 31 years of age, indicating that co-infections 
and the prevalence of HPV decrease with age [5]. Another 
study showed that women aged 35 to 49 years had a lower 
risk of HPV co-infections [26].

However, there is a statistically significant relationship 
between HPV-16 infection and age (p=0.02). HPV-16 
is more common in young adults. Markowitz et al. 
reported that the prevalence of HPV 16 and 18 is related 
to increasing age [27]. Also, Lu et al. reported that HPV 
16 reaches its highest level between the ages of 35 and 
44 [28].

This study had no significant relationship between 
age and pathological features (p=0.06). Baandrup et 
al. reported that some lesions associated with HPV 16 
occur at a younger age than lesions associated with other 
high-risk HPV infections [29].

Our use of tissue samples versus cervical cytology 
specimens in other studies may have impacted overall 
HPV detection sensitivity. However, applying nested PCR 
and pyrosequencing genotyping likely conferred good 
analytical sensitivity and specificity.

In summary, while some variance in prevalence was 
observed compared to other Iranian studies, possibly 
related to sample type differences, we confirm the 
ubiquity of high-risk HPV-16 in cervical tissues. The 
study’s limitations include the lack of follow-up clinical 
data correlating HPV status with disease progression. 
Additionally, the reliance on pathology referrals may 
bias the patient cohort versus population-based screening. 
Moreover, there is a lack of information on the prevalence 
of multiple genotypes in one patient and the potential 
impact of HPV genotypes on disease progression. 
Additionally, the study needed to directly compare the 
types of samples and methods used in other studies 
conducted in Iran.

In conclusion, this study contributes to the body of 
knowledge regarding HPV prevalence and genotype 
distribution in cervical tissue samples. The observed 
high prevalence of HPV infection, particularly with 
high-risk genotypes, underscores the importance of 
continued vigilance and comprehensive cervical cancer 
prevention measures, including vaccination and regular 
screening programs. Future research may delve deeper 

Figure 3. The Distribution of HPV Mix Infection by Our 
Analyzed Cases (n=34).
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into genotype-specific risks and outcomes, enabling 
more targeted interventions for the protection of women’s 
cervical health. 

The results showed that out of 1045 samples collected 
from the cervical tissue of patients with cervical cancer, 
159 (15%) were positive for HPV infection and 886 were 
negative. Among the different genotypes found in these 
samples, frequent types were 6, 18, 11, 16, respectively. 
The age group of 30 to 40 years had the highest prevalence 
of HPV. HPV-16 is common in younger ages. Further 
studies by greater sample sizes recommend to better 
understanding. 
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