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Abstract

Background Human papillomavirus (HPV) is among the leading cause of sexually transmitted infections, particu-
larly prevalent among sexually active individuals. While many HPV infections clear up over time, some may progress
to various cancers such as anal cancer, cervical cancer and, vaginal cancer. This study examines the prevalence of dif-
ferent HPV genotypes, classified as high-risk (HR) and low-risk (LR), among females of various age groups who visited
the laboratory in Karaj.

Material and methods Genital specimens were gathered from the individuals involved in the study and subjected
to DNA extraction (DNA/RNA extraction AmpliSense, Moscow, Russia) followed by amplification using Real-Time PCR.
HR- and LR-HPV genotypes were identified using the GenoFlow HPV Array test kit (GenoFlow; DiagCor Bioscience,
Hong Kong) and homemade HPV genotyping kit. Demographic information such as age, was examined along-

side statistical virological data.

Results Overall, 367 (17%) out of the 2109 (100%) female cases tested positive for HPV. Among these, 219 (46.2%)
were classified as low-risk, 44 (9.3%) as potentially high-risk, and 211 (44.5%) as high-risk. The highest percentage

of positive test results was detected in individuals under 30 years old (35%) and those aged 40-50 (18%). Individuals
in the < 30 age group were primarily infected with HR genotypes. The most commonly identified genotypes overall
were HPV-16 (11.7%), HPV-54 (10.3%), HPV-56 (8.4%), HPV-40 (8.1%). The lowest frequency was observed for HPV-70,
HPV-71, HPV-82, and HPV-90, each recorded in only a single case.

Conclusion Our results highlight the notable occurrence of HPV among females who visited the laboratory in Karaj,
especially in the < 30 age group. Identifying HPV-16 as the most prevalent genotype in our examination highlights
the necessity of tailored interventions for specific age ranges. While HPV-16 is covered by vaccination programs,
HPV-54 and HPV-56 are not, emphasizing the need for effective screening and preventive plans to manage the conse-
quences of HPV-related diseases in future.
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Introduction

Human Papillomavirus (HPV) is a double-stranded DNA
virus which belongs to Papillomaviridae family. This
virus is among the predominant causes of sexually trans-
mitted infections in both women and men, with an esti-
mated nearly all sexually active individuals being infected
by the virus at some point in their lives [1, 2]. Globally,
around 690,000 new cancer diagnoses annually are linked
to HPV infection [3]. While the majority of HPV infec-
tions are transitory and benign, certain infections can
endure for extended periods and carry significant risk
for developing various cancers, including cervical cancer,
head and neck cancer, oropharyngeal squamous cell car-
cinomas, penile cancer and, anal cancers [4, 5].

Over 200 genotypes of HPV have been recognized to
date, with nearly 40 capable of infecting genital regions.
These genotypes are additionally categorized into low-
risk HPV (LR-HPV) and high-risk HPV (HR-HPV)
according to their potential for causing cancer. LR-HPV
types (including HPVs 6, 11, 40, 42, 43, 44, 55, 61, 81,
83) are robustly associated with diseases but not cancer
and are commonly found in benign or mildly abnormal
cervical tissue as well as genital warts [6, 7]. As well, the
International Agency for Research on Cancer (IARC)
categorizes twelve HPV genotypes as HR-HPV, includ-
ing HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59
[8]. It is widely recognized that persistent infection with
HR-HPV is the primary contributor to cervical cancer,
with HPV-16 and HPV-18 specifically linked to over 70%
of cases [9, 10]. Worldwide, cervical cancer ranks as the
fourth most frequently occurring cancer in women [11].
Despite a noticeable decrease seen globally in recent dec-
ades, cervical cancer continues to have high incidence
and mortality rates among women, particularly prevalent
in low- and middle-income countries [12].

There are some known methods to address HPV-
related cancer. The initial preventive measure is the HPV
vaccine, while the second is screening programs. Since
2006, there has been advancement in the global expan-
sion of HPV vaccination, with approximately two-thirds
(127 out of 194) of countries implementing HPV vacci-
nation programs (as of 2022) [13]. Currently, three HPV
vaccines are commonly used: the bivalent vaccine (Cer-
varix), offering defense against HPV-16 and HPV-18; the
quadrivalent vaccine (Gardasil), safeguarding against
four HPV strains (6, 11, 16, and 18); and the nonavalent
(Gardasil-9) vaccine, which prevents infection by HPV
genotypes 6, 11, 16, 18, 31, 33, 45, 52, and 58 [14]. Even
though the vaccine provides immunity against a substan-
tial portion of HPV infections, there remains a potential
risk of HPV-related diseases from the remaining strains,
even after vaccination [15]. Furthermore, in regions
where HPV vaccination programs are not yet established,
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conducting screening and HPV genotyping can bolster
public health efforts by enabling early detection and pre-
vention of HPV-related cancers. It’s crucial to understand
the prevalence of HPV types in each country to devise
effective vaccines and national vaccination strategies.
Regional HPV genotype data is vital for shaping public
health policies and evaluating the impact of current vac-
cines or the necessity for tailored vaccine formulations in
specific areas.

The primary aim of this research is to assess the preva-
lence of various HPV genotypes, categorized into HR and
LR, across different age groups in females who visited
the laboratory in Karaj, Iran. These results could aid in
guiding future research endeavors, shaping public health
strategies, and informing the development of vaccines
and national vaccination programs.

Material and methods

Study population and sample collection

This investigation, conducted between March 2022 and
February 2024, involved cooperation with the Clinical
Virology Research Center (RCCV) at Tehran Univer-
sity of Medical Sciences. It encompassed a total of 2109
genital samples, all exclusively collected from female
individuals. Samples were collected from genital sites of
individuals. These samples collected from females visit-
ing laboratories in Karaj city, who either had recent high-
risk sexual behavior, had an abnormal Pap smear result
and were referred by their doctor for further testing, hav-
ing genital warts or had a sexual partner infected with
HPV, prompting them to seek HPV testing for health
reassurance. Participants who agreed to join the study
were asked to complete a written consent form.

HPV tests are conducted in the laboratory three days
a week, on alternating days. Samples received on testing
days are processed immediately, while those received on
non-testing days are stored in a refrigerator at 4 °C and
tested on the next scheduled day. After testing, each
sample is kept at 4 °C for up to six months. The sample
collection containers, which contain LBC medium with
IVD, are used by gynecologists and urologists to collect
samples using a silicone brush. For women, samples are
collected from the vaginal area and secretions, and if
warts are present, samples are also taken from the warts.
The criteria were expanded to include individuals advised
by their healthcare provider to undergo testing due to
abnormal cytological results, as well as women engag-
ing in high-risk sexual behavior, with a sexual partner
infected with HPV, showing suspicious symptoms, or
having genital warts, who sought HPV testing for reas-
surance about their health status.
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DNA extraction and PCR

Sample pre-amplification, DNA extraction, and HPV
genotyping were performed in the Molecular Genetics
Department of the laboratory, following protocols set by
the quality control supervisor and overseen by RCCV.
HPV-DNA extraction utilized the DNA/RNA extrac-
tion AmpliSense kit (AmpliSens, Moscow, Russia), fol-
lowing the manufacturer’s instructions. PCR analysis
of the extracted genome was performed using an HPV
detection kit, with genotyping conducted using Geno-
Flow HPV Array test kit (GenoFlow; DiagCor Bioscience,
Hong Kong) HPV genotyping and homemade HPV geno-
typing kit. For the early detection of HPV genotypes, we
initially used the GenoFlow HPV Array test kit. This kit
is capable of identifying 17 HR-HPV genotypes, includ-
ing 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68,
73, and 82, as well as 15 LR-HPV genotypes, including 6,
11, 40, 42, 43, 44, 54, 55, 57, 61, 70, 71, 72, 81, and 84.
For validation and to detect additional HPV genotypes,
we subsequently employed a homemade HPV genotyp-
ing kit, which has the capability to identify 32 HR and LR
HPV viral genotypes, including 6, 11, 16, 18, 31, 33, 35,
39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 61, 62, 66,
68, 69, 70, 71, 74, 81, 82, 83, and 90. The homemade assay
utilized in this study is a real-time PCR based method
designed for the detection and quantification of DNA. To
ensure the accuracy and reliability of the assay, an inter-
nal control gene, beta-globulin, is included.

Statistical analysis

Data were characterized using measures such as fre-
quency, median, mean, and standard deviation. To assess
the comparability of HPV-positive and HPV-negative
cases across various age groups, a chi-square test was
conducted, with a significance level set at 5%. Analy-
sis was conducted utilizing the statistical software IBM
SPSS-27.

Results

Demographic data

A total of 2109 female subjects were analyzed, with 367
(17.4%) testing positive for HPV. Thus, the prevalence of
HPV infection among the referred females was approxi-
mately 17%. Since, the exact age of subjects was recorded
only for HPV positive subjects, the mean and standard
deviation of age only computed for this group. Amongst
HPV positives, the youngest and the oldest subjects were
16 and 68 years old, respectively. The mean of their age
was 36 with a standard deviation of 9.6. For HPV negative
subjects, age was recorded in some categories. Therefore,
all ages were categorized for the subsequent analyses.
The contributors were categorized into four age groups
for examination. Table 1 presents the frequency and
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percentage of infection in each age group. The highest
proportion of positive test results was observed in indi-
viduals under 30 years old (35%) and those aged 40—50
(18%). Conversely, the age group between 30 and 40 had
a higher number of HPV-positive cases (in terms of the
actual number).

Age mean rank in HPV negative subjects was higher
than in HPV positives (1076.0 vs. 955.1 respectively)
and the difference was significant (Mann—whitney
U=283,001, Z=-— 3848, p-value<0.001). According to
the mann whitney test results, subjects in HPV-negative
group were older than in HPV-positives, in average.

Distribution of HPV genotypes

Infected subjects were investigated according to geno-
type groups. The total number of genotype groups
detected was 474. From which, 219 (46.2%) detected
genotypes were low-risk, 44(9.3%) were potentially high-
risk, and 211 (44.5%) were high-risk. In our subjects, 335
(91.3%) individuals had just one group of genotypes (high
risk, low risk, or potentially high risk), 30 (8.2%) had a
combination of two genotype groups, and only 2 (0.5%)
subjects had all three genotype groups. 282 (76.8%) indi-
viduals were single-type infected (only one genotype was
detected). 85 (23.2%) subjects were multi-type infected
(more than one genotype was detected); among them,
69 had two genotypes, 11 had three and 2 had four geno-
types. The highest number of genotypes in one subject
was 5. Two individuals had 5 different genotypes. Table 2
displays the frequency of HPV genotype groups across
different age groups. Our study found that individu-
als in the<30 age group were mainly infected with HR
genotypes. In other age groups, the prevalence of low-
risk and high-risk genotypes does not show significant
differences.

The most frequent genotypes are 16, 54, 56, 40, 42, 59,
66, 6, 44, and 81 respectively. Type 16 had the highest
occurrence among HR genotypes, with 43 cases (11.7%),
followed by type 56 with 31 cases (8.4%). Among LR gen-
otypes, type 54 had the highest frequency, accounting
for 38 cases (10.3%), followed by type 40 with 30 cases

Table 1 HPV infection in age-group

Age group HPV Total
Negative Positive

<30 170 (65%) 92 (35%) 262

30-40 1030 (86%) 164 (14%) 1194

40-50 352 (82%) 76 (18%) 428

>50 190 (84%) 35 (16%) 225

Total 1742 (83%) 367 (17%) 2109
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Table 2 Prevalence of HPV Genotype group

Age group  Genotype group Total
Low-risk  Potentially high-risk  High-risk

<30 57 (47%) 7 (6%) 64 (52%) 122

30-40 100 (48%) 21 (10%) 88 (42%) 209

40-50 42 (45%) 11 (12%) 40 (43%) 93

>50 20 (45%) 5(11%) 19 (43%) 44

Total 219 (46%) 44 (9%) 211 (45%) 474

(8.1%). The frequency of observed genotypes is shown in
Fig. 1.

Discussion

Rates of HPV-related diseases vary depending on fac-
tors such as the type of HPV, geographical location, and
the specific part of the body sampled [16]. Thus, having
epidemiological information on HPV genotypes in each
country could prove highly beneficial in devising effective
strategies to prevent HPV-related illnesses. This research
provides a current examination of HPV genotype distri-
bution among women in Karaj, Iran, employing an accu-
rate molecular method. It should be explicitly stated that
the women included in this study were not a random
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sample of the population. The study population con-
sisted of females visiting laboratories in Karaj city. These
individuals were include based on the following criteria:
recent high-risk sexual behavior, abnormal Pap smear
results leading to a referral by their healthcare provider
for further testing, or having a sexual partner infected
with HPV, which prompted them to seek HPV testing
for reassurance about their health status. These findings
may assist in directing future research efforts, influencing
public health policies, and contributing to the design of
vaccines and national vaccination initiatives.

This research unveiled that 17.4% of the 2109 females
tested positive for HPV. Among HPV-positive indi-
viduals, our findings indicate that 44.5% harbored high-
risk genotypes, 9.3% harbored potentially high-risk
genotypes, and 46.2% carried low-risk HPV genotypes.
The most frequent genotype was HPV-16. HPV-54 and
HPV-56 were the second and third most frequent geno-
types, respectively. Even though all existing HPV vac-
cines safeguard against HPV-16, this high-risk genotype
remained the most frequently detected HPV strain
among HPV-positive cases in our study (11.7%). This
could be attributed to several factors. In countries like
Iran, vaccines are supplied by private entities, and insur-
ance companies do not cover the costs, either in full or
partially. Consequently, the HPV vaccine remains out
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Fig. 1 Prevalence of genotypes. HPV-16 was the most prevalent within the high-risk category, representing 11.7% of cases, succeeded by genotype
56 at 8.4%, with 43 and 31 cases, respectively. Within the low-risk group, genotype 54 exhibited the highest occurrence, comprising 10.3% of cases,

trailed by genotype 40 at 8.1%, with 38 and 30 cases, respectively
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of reach and unaffordable for many individuals [17, 18].
Additionally, in Iran, the vaccine is not included in the
national immunization schedule [19]. Another contribut-
ing factor is the absence of evidence regarding the cost-
effectiveness of HPV vaccines in Iran [20, 21]. A study by
Khatibi et al. assessed the cost-effectiveness of the quad-
rivalent HPV vaccine (Gardasil) in Iran found that, the
Gardasil is not cost-effective in the country [22]. More-
over, other obstacles such as the high price of vaccines,
economic challenges, and insufficient awareness signifi-
cantly hinder HPV vaccination efforts within the Iranian
population [23, 24]. According to an analysis of data from
the Iranian Ministry of Health, Mohammadpour et al.
found that, the use of Gardasil has seen a significant
rise in recent years [20]. However, the current practices
of healthcare providers in administering Gardasil are
inadequate, resulting in considerable financial strain on
both the community and the government. Thus, there is
a pressing need for effective national-level interventions
and immediate oversight to manage HPV vaccine usage
[20].

In line with findings from other research studies, this
study identified HPV-16 as the most prevalent HR -HPV
type among the study population [25-30]. For instance,
our results are consistent with the Hassani et al. study,
which conducted a community-based survey to deter-
mine the prevalence of HPV and the distribution of its
genotypes among the general female population in 11
provinces of Iran. The study included 2,562 women aged
15-59 from different regions of the country. This report
highlighted that genotype 16 had the highest prevalence
among their study population [26]. In another study con-
ducted by Chalabiani, 2969 outpatient and suspected
women referred to the Noor pathobiology laboratory
from 24 provinces of Iran were examined. The results
showed that HPV-16 was the most common high-risk
HPV type, representing 179 out of 585 (30.5%) cases [31].
HPV-16 poses the highest risk for cancer development
and is a primary target for routine HPV vaccination.
While some studies in Iran have identified HPV-52 or
HPV-18 as the second most common HR genotype after
HPV-16, this study observed HPV-56 as the second most
common HR genotype [25, 30, 32—35]. These dispari-
ties in HPV genotype distribution highlight variations in
HPV prevalence across different regions.

In our study, among LR genotypes, HPV-54 is the most
commonly encountered, followed by HPV-40. However,
in several studies carried out across various regions of
Iran and globally, the most prevalent LR genotypes is
HPV-6 [30, 35-38]. As well, our analysis demonstrates
that the majority of females are infected with LR-HPV
genotypes rather than HR HPVs. In line with our find-
ings, the study by Olia et al., which aimed to identify the
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HPV genotypes causing vaginal infections in women in
Urmia, revealed that the majority of infected individu-
als, 16 out of 30 (53.4%), were associated with low-risk
(LR) genotypes [39]. Additionally, a cross-sectional study
conducted in Southern Khorasan, eastern Iran, exam-
ined 253 randomized pap smear samples from women
referred to gynecologist clinics. The study found an HPV
prevalence of 18.5% among the participants, with the
majority of infected females carrying low-risk HPVs [37].
However, some investigations present contrasting results,
such as the Hashemnejad et al. study in Karaj. This cross-
sectional research involved 503 Iranian women who were
referred to the gynecology clinic at Kamali Hospital in
Karaj for routine cervical cancer screening. The study
found that approximately 23% (116/503) of the female
patients were infected with high-risk HPV genotypes,
9.7% (49/503) had low-risk HPV genotypes, and 7.2%
(36/503) had both types [40]. Additionally, the Chalabiani
study found that 29.3% (871 out of 2969) of females tested
positive for HPV, with approximately 67.2% of these posi-
tive cases being infected with high-risk HPVs [31].

In a study conducted in Rasht involving 301 women
who visited the medical institute in Rasht, Iran, with
an average age of 33.4+6.5 years (ranging from 18 to
61 years), the prevalence of HPV was found to be 36.5%
[41]. In a separate investigation involving 12,076 Ira-
nian women who underwent regular examinations from
November 2016 to November 2018, it was found that the
overall prevalence of HPV was 38.6%. HPV 16 emerged
as the most prevailing high-risk genotype among all par-
ticipants [30]. Additionally, the study demonstrated that
in Southern Khorasan, eastern Iran, the prevalence of
HPV among a total of 253 women aged 18-65 years old
was 18.57% [37]. Another study involving 851 women
aged 18-65 vyears, attending routine gynecological
appointments, revealed the detection of nineteen distinct
types of human papillomavirus in 31.1% (265 out of 851)
of patients [42]. Furthermore, research conducted on Ira-
nian female sex workers suggested that the prevalence of
the HPV virus was estimated to be 49.1% [43].

This survey also examined HPV frequency among dif-
ferent age groups and discovered that the highest rate
of infection was found in individuals under 30 years old
(35%), followed by the 40-50 age group, which had a
prevalence of 18%. The data presented here are derived
from women who have visited the laboratory. Consist-
ent with our findings, the study by Hamkar et al. simi-
larly demonstrates a higher prevalence of HPV among
individuals under the age of 30 [34]. Furthermore, in a
cross-sectional study comprising 2453 healthy Iranian
women for HPV DNA typing, the highest prevalence was
observed among individuals under the age of 25 (15.6%)
[44]. These findings underscore the critical importance
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of developing comprehensive educational programs tai-
lored for high schools to effectively raise knowledge
about HPV. However, contrary to this trend, several other
studies have indicated a different pattern, noting that the
highest prevalence (7.3%) was spotted in the age group of
40-49 [45].

HPYV infection rates and their spread varied worldwide
depending on age, location, and cytology results. A com-
prehensive analysis demonstrated that globally, the prev-
alence of HPV is estimated to be 11.7%. Particularly high
rates were found in sub-Saharan Africa (24%), Eastern
Europe (21%), and Latin America (16%), whereas West
Asia exhibited the lowest prevalence at 2% [46]. Accord-
ing to a systematic review and meta-analysis aimed at
estimating the overall prevalence of HPV among Iranian
women, an assessment of 26 eligible studies with a total
sample size of 5560 revealed an overall HPV prevalence
of 23%. The highest prevalence was found in Tehran at
97%, while the lowest was in Isfahan at 2.2% [47]. Based
on the Wu EQ et al. survey, HPV prevalence among Chi-
nese women was 14.3% [48]. McQuillan and colleagues
found that among American women aged 18-59 years,
the prevalence rates were 39.9% for any type of HPV and
20.4% for high-risk HPV strains [49]. The prevalence of
HPV infection among young European women is docu-
mented at 46% [47]. This variation in HPV prevalence
can be explained by multiple factors. Different elements
related to lifestyle such as sexual practices, financial situ-
ation, knowledge about disease prevention and screen-
ing measures, along with the effectiveness of laboratory
techniques and the sensitivity of HPV diagnostic meth-
ods, can influence the rate of HPV prevalence in dif-
ferent regions [25]. Moreover, factors like insufficient
understanding, lack of awareness about how the infection
spreads, and doubts regarding the effectiveness of vac-
cination methods all play a role in elevating prevalence
rates [50].

Studies suggest that screening for HR-HPV genotypes
can be an efficient first step in detecting cervical can-
cer, with a sensitivity of 93.9% [51]. Consequently, we
investigated the prevalence and occurrence of various
HPV genotypes. The most dominant HR genotypes were
HPV-16 (11.7%), HPV-56 (8.4%), HPV-59 (6.8%). On a
global scale, findings show that HPV-16 is the most com-
monly detected high-risk strain in cancer, aligning with
our own observations [52]. Nevertheless, a study con-
ducted on samples from 1214 women in Mashhad, who
underwent cervical cancer screening between 2015 and
2020, revealed that HPV-31 was the most frequent HR-
HPV genotype detected [36]. In an analysis done across
various provinces in Iran, HPV-52 was identified as the
second most prevalent HR genotype, which contrasts
with our findings [29, 30]. As we discussed, in our study,
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HPV-56 is ranked as the second most common high-risk
genotype. Yet, in another specific area, a separate geno-
type is becoming prominent as the second most preva-
lent HR type, including HPV-68 in Tehran, Iran [28], and
HPV-31 in Hungary [53].

The findings of our study emphasize a critical aspect:
beyond HPV-16, the genotypes HPV-54, HPV-56, HPV-
40, HPV-42, and HPV-59 emerged as the most common
strains identified. Importantly, with the exception of
HPV-16, current vaccines do not offer protection against
these particular genotypes. This gap in coverage under-
scores the urgent need for the development and imple-
mentation of more extensive preventive measures and
enhanced screening programs. Expanding our preventive
and screening efforts is essential to address these uncov-
ered genotypes effectively and reduce the overall burden
of HPV-related diseases.

It’s important to recognize certain limitations in our
current study. First, all of our participants were females,
which may not precisely reflect the definite epidemiol-
ogy of HPV. As such, these results cannot be attributed
to the male population, indicating a need for further
research targeting the male population in this region.
It is important to highlight that, our results cannot be
generalized to the broader population of women. The
samples were collected from individuals who specifi-
cally visited the laboratory for HPV testing, likely due to
significant symptoms or high-risk behaviors. Therefore,
the high infection rate observed in this some subgroups
reflects the specific context of these sampled individuals
rather than the general population. Second, despite our
study having a large sample size, additional studies with
an even larger total number of participants are necessary
to further substantiate our findings. Thirdly, it should be
noted that the samples were not randomly selected. In
fact, no HPV screening was conducted, and the samples
were not obtained through random screening of the gen-
eral population of Karaj.

Conclusion

This study revealed that 17.4% of the 2109 women
tested were positive for HPV in Karaj. These females
visited laboratories in Karaj city due to recent high-risk
sexual behavior, abnormal Pap smear results prompting
further testing by their doctor, the presence of genital
warts, or having a sexual partner infected with HPYV,
leading them to seek HPV testing for health reassur-
ance. Among those with HPV, our results show that
44.5% had high-risk genotypes, 9.3% had potentially
high-risk genotypes, and 46.2% had low-risk HPV gen-
otypes. The elevated prevalence of HR HPV subtypes,
notably HPV-16, highlights the urgent requirement for
proactive interventions, endorsing the incorporation
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of the HPV vaccine in Iran’s national immunization
program. Furthermore, following HPV-16, HPV-54,
HPV-56, HPV-40, HPV-42, and HPV-59 were the pre-
dominant genotypes identified in our study, respec-
tively. These genotypes are not targeted by current
vaccines, highlighting the necessity for broader and
more comprehensive preventive and screening strate-
gies. Introducing the HPV vaccination alongside an
awareness campaign, with a specific focus on females
under 30 years old, identified with a notable prevalence
of HPV infection in our research, stands as a crucial
preventive approach. This tailored intervention holds
promise in alleviating the impact of HPV-associated
ailments like cancer, consequently fostering enhanced
public health outcomes within the area.
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