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Abstract

Background and aim: Human papillomavirus is a common sexually transmitted infection and a health concern, being
the major cause of cervical cancer and genital warts. The aim of this study was to investigate the prevalence and genotype
distribution of human papillomavirus in the Kurdish population.

Methods and materials: A total of 2650 samples from individuals attending central laboratories in Sanandaj, the center
of Kurdistan Province in north-west Iran, were tested for human papillomavirus infection. Cervical samples were collected
from women using a cervical brush, while semen samples were collected from men. Cervical samples were stored in a
vial with cell preservation solution, while semen samples were stored at room temperature until complete liquefaction of
the semen. Human papillomavirus DNA from positive samples was extracted using a high-purity viral nucleic acid kit, and
human papillomavirus genotyping was performed using the ZYTOVISION human papillomavirus Chip|.0 genotyping system
according to the manufacturer’s instructions.

Results: Of the 2610 samples screened, 655 were found positive for human papillomavirus and included in the human
papillomavirus molecular typing analysis. The overall prevalence of human papillomavirus in the study samples was 25.1%.
Of the 655 positive samples, 645 (98.5%) were women and 10 (1.5%) were men. The mean age was 35.95years (women:
36.06 years and men: 28.81 years). The most common genotypes identified were types 6 (30.1%), 16(14.4%), and 54(9.0%).
Of those affected, 387 (59.1%) had a single human papillomavirus infection and 268 (40.9%) had multiple infections.
Conclusion: This study showed that the prevalence of human papillomavirus among Kurdish women is relatively high.
The findings highlight the importance of targeted human papillomavirus vaccination programs and screening strategies,
particularly in younger age groups, to reduce the burden of human papillomavirus-related disease in this setting. Future
studies should investigate the impact of cultural and behavioral factors on human papillomavirus transmission and associated
health outcomes in this population.
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Introduction

Human papillomavirus (HPV) is a DNA virus that infects the
cells of the body’s squamous epithelium, leading to condi-
tions such as skin warts, anogenital warts, and various types
of cancer.! With over 200 types identified, only a few poses
significant health risks. The high-risk genotypes (HRGs),
including HPV-16, HPV-18, and others, can potentially lead
to serious complications, while the low-risk genotypes
(LRGs) pose a lower risk.> HPV is transmitted mainly
through contact with infected genitalia, mucous membranes,
or body fluids, often during sexual activity.> HPV as a health
problem in the world has several risk factors such as age
(adolescents and young adults), multiple sexual partners,
weakened immune systems, damaged skin, and personal
contact.* Among the health problems associated with HPV,
cervical cancer is a major threat, particularly in Asia, Africa,
and Latin America, where it is responsible for a significant
number of deaths.’ Persistent infection with high-risk HPV
types is responsible for the majority of cervical cancers.® To
address these challenges, six licensed HPV vaccines are cur-
rently available, all of which provide protection against
HPV-16 and HPV-18, which are responsible for the majority
of cervical cancers worldwide.”*

The prevalence of HPV in Iranian population is high. In a
large study conducted on 12,076 Iranian women in 2021, the
prevalence of HPV was reported to be 38.7%.° Despite the
global significance of HPV-related diseases, little research
has been conducted in the Kurdish population, an area at
high risk for HPV.>!? In some studies using the carrageenan
as a secondary preventive strategy for HPV are outlined,!!
while there are no any evidence for using the carrageenan in
our culture. It is clear that the most important strategy for the
prevention of HPV-related diseases in both men and women
is vaccination.'? Until the time of this study, there is no spe-
cific national program for widespread vaccination against
HPV in Iran and Kurdistan. Therefore, this study aims to
investigate the prevalence and genotypic distribution of HPV
in the Kurdish population. The results will contribute to early
screening efforts, inform decisions regarding universal vac-
cination, and help select appropriate vaccines to prevent cer-
vical cancer in the Kurdish population.

Material and methods

Study design, setting, and participants

This was a cross-sectional prevalence study conducted in the
Kurdish population, Kurdistan Province, in northwestern
Iran from September 2020 to February 2023. Cervical speci-
mens from 2650 individuals attending the central laborato-
ries in Sanandaj, the center of Kurdistan Province, were
screened for HPV infection. Of the 2610 specimens, 655
were screened positive for HPV infection and submitted for
HPV molecular typing. Inclusion criteria were (1) age range
from 18 to 75years; (2) all participating patients were

selected based on the diagnosis of a specialist physician to
perform an HPV test and refer to laboratories and diagnostic
centers in Sanandaj; (3) no history of sexual life or vaginal
medication in the past 1week. All procedures were per-
formed in accordance with relevant guidelines and standard
operating procedures.

Ethical consideration

The proposal of this study was reviewed and approved by the
ethics committee of Kurdistan University of Medical
Sciences (ethics code: IR.MUK.REC.1399.247). Written
informed consent was obtained from each participant prior to
data collection and sample collection. Anonymity of the par-
ticipants was considered in all stages of data collection.

Data collection

The demographic data of each participant were recorded in
a checklist, and a unique code was allocated to each partici-
pant before the data gathering. This special code was written
on the checklist and samples. The cervical samples were
taken by gynecologists using a cervical brush. Vaginal
secretions were wiped with a cotton swab, and the cervical
brush, rotated 4-5 times, was inserted into the cervix to
obtain a sufficient amount of cervical epithelial cells. The
brush was then placed in a vial containing cell preservation
solution (Sigma). Cervical samples were collected at room
temperature and sent immediately to the PCR departments
of the Cellular and Molecular Research Center. For men,
semen samples were collected in a private room and kept at
room temperature until complete liquefaction. After lique-
faction, the semen samples were sent to the PCR depart-
ments of the Cellular and Molecular Research Centre for
PCR. Approximately, 1 mL of each sample was collected for
HPV DNA extraction. All extracted samples were stored at
—20°C until use.

DNA extraction

Cell-containing samples (cervical smears and semen) were
eluted; the eluate was transferred to a 1.5 mL centrifuge tube,
centrifuged at 13,000rpm for 10min, the supernatant was
discarded, and DNA was then extracted from the cell pellets
using a high-purity viral nucleic acid kit (Roche Diagnostics
GmbH, Mannheim, Germany) according to the manufactur-
er’s instructions.

HPV DNA genotyping

The DNA genomic is first extracted from the samples using
the kit E.Z.N.A DNA isolation (product of the US Omega
Bio-tek Company). The quantity and quality of the extracted
DNA is investigated by the use of Thermo Fisher Scientific
(NanoDrop Technologies, Wilmington, DE, USA). HPV
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Table |. Human papilloma virus genotypes distribution frequency.

HPV type N (%) HPV type N (%) HPV type N (%) HPV type N (%)
HPV-6 197 (30.1) HPV-43 15 (2.3) HPV-58 21 (3.2) HPV-8I 8(1.2)
HPV-1 | 51 (7.8) HPV-44 12 (1.8) HPV-59 12 (1.8) HPV-82 10 (1.5)
HPV-16 94 (14.4) HPV-45 21 (3.2) HPV-60 3(0.5) HPV-83 5(0.8)
HPV-18 52 (7.9) HPV-49 2 (0.3) HPV-61 10 (1.5) HPV-84 33 (5.0
HPV-31 16 (2.4) HPV-51 19 (2.9) HPV-62 31 (4.7) HPV-86 2 (0.3)
HPV-33 17 (2.6) HPV-52 12 (1.8) HPV-66 20 (3.1) HPV-90 30 (4.9)
HPV-34 19 (2.9) HPV-53 32 (4.9) HPV-67 19 (2.9) HPV-91 47 (7.2)
HPV-35 47 (7.2) HPV-54 59 (9.0) HPV-68 53 (8.1) HPV-92 I (0.2)
HPV-39 19 (2.9) HPV-55 7 (1.1) HPV-70 I (1.7)

HPV-40 13 (2.0) HPV-56 43 (6.6) HPV-73 14 (2.1)

HPV-42 26 (4.0) HPV-57 2 (0.3) HPV-78 1 (0.2)

genotyping was performed for all positives according to the
manufacturer’s instructions. ZY TOVISION HPV Chip1.0 is
used for the qualitative detection and genotyping of HPV.
This kit is designed to detect 41 different genotypes of HPV
at the same time.

Biotinylated consensus primers (SPF10) were used to
amplify a 65-bp region within the L1 ORF of several HPV
types and based on reverse line-blot hybridization. A
poly(dT) tail was enzymatically added to the 3’ end of each
of 41 oligonucleotides specific for 41 different HPV types
and capable of identification by detection of part of the L1
region of HPV by SPF-10 primers. Amplification of the
human major histocompatibility complex class II gene was
used to monitor sample quality and efficiency of DNA
extraction from equal volumes.

Statistical analysis

Data were summarized using descriptive statistics such as
mean, standard deviation, frequencies, and percentages. Chi-
squared test and Fisher’s exact test were used to assess the
association of categorical variables. The normality assump-
tion of age was tested by Kolmogorov—Smirnov, which was
not met. Differences in the mean age of patients were com-
pared using the Mann—Whitney U test. A p-value <0.05 was
considered statistically significant. Data analysis was per-
formed using IBM SPSS statistical software (version 23).

Results

Prevalence of HPV

Of the 2610 specimens screened, 655 were found positive for
HPV and included in the HPV molecular typing analysis.
The overall prevalence of HPV in the study samples was
25.1%. Of the 655 positive samples, 645 (98.5%) were
female, and 10 (1.5%) were male. The mean age of the posi-
tive cases was 35.95years (women: 36.06years and men:
28.81years). Of the women, 587 (89.71%) were of reproduc-
tive age (<49 years).

HPV genotype distribution

A total of 41 HPV genotypes were detected in the 655 par-
ticipants. The most commonly detected genotypes were
types 6, 16, 54, 68, and 11, with frequencies of 197 (30.1%),
94 (14.4%), 59 (9%), 53 (8.1%), and 51 (7.8%) individuals,
respectively (Table 1). Of the participants, 299 (45.6%)
tested positive for high-risk HPV types, indicating a signifi-
cant risk factor for developing cervical cancer and other
related diseases. In addition, 159 (24.3%) participants
showed the presence of probable risk types, indicating a
moderate risk factor. On the other hand, 356 (54.4%) partici-
pants had low-risk HPV types, which are generally associ-
ated with a lower risk of serious health complications (Table
1). The highest number of participants (151 individuals,
23.05%) were in the 30-34-year-age group, while the lowest
number was observed in the 65+ age group with only four
individuals (Table 2).

Interestingly, the occurrence of superinfection, defined as
the co-occurrence of multiple HPV types, was observed in
237 (36.2%) participants (Table 3). Furthermore, an analysis
of HPV infections by age group revealed that the majority of
HPV-positive cases were found in women of reproductive
age (=49years), accounting for 587 (89.61%) participants.
Conversely, only 68 (10.38%) women aged over 49 years
were identified as HPV positive.

Age-specific HPV prevalence

Among the five prevalent HPV genotypes in this study, gen-
otypes 6, 16, and 54 had the highest age-specific prevalence
rates. Specifically, in the age group 30-34years, genotype
six was prevalent in 50 individuals (25.4%), genotype 16 in
22 individuals (23.4%), and genotype 54 in 19 individuals
(32.2%). For genotypes 11 and 18, the age-specific preva-
lence rates were highest in the age groups 25-29 years and
40—44 years, with 14 individuals (25.4%) and 11 individuals
(21.2%), respectively.

Due to the smaller number of samples available for
ages less than or equal to 19years and greater than or
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Table 2. Frequency of human papilloma virus genotypes across different age groups.

Age groups (n) HPV-6 (%) HPV-11 (%) HPV-16 (%) HPV-18 (%) HPV-54 (%)
<19 (4) 3(1.5) 0 0 0 1 (1.7)
20-24 (44) 24 (12.2) 9(17.6) 5(5.3) 3(5.8) 5 (8.5)
25-29 (118) 39 (19.8) 14 (27.5) 18 (19.1) 6 (11.5) 8(13.6)
30-34 (151) 50 (25.4) 6(11.8) 22 (23.4) 9(17.3) 19 (32.2)
35-39 (133) 37 (18.8) 9(17.6) 20 (21.3) 9(17.3) 10 (16.9)
40—44 (98) 23 (11.7) 5(9.8) 10 (10.6) 11 (21.2) 6 (10.2)
45-49 (39) 7 (3.6) 2 (3.9) 8 (8.5) 2 (3.8) 4(6.8)
50-54 (42) 5(2.5) 1 (2) 6 (6.4) 8 (15.4) 4 (6.8)
55-59 (16) 5(2.5) 0 I (1.1) 2 (3.8) 2 (34)
60-64 (6) 2(1) 4(7.8) 4 (4.3) 2 (3.8) 0
65-69 (2) 0 0 0 0 0
=70 (2) 2 (1.0) I (2) 0 0 0
Table 3. Association between human papilloma virus infections and age, reproductive age and gender.
Variable Super infection p-Value High risk types p-Value HPV-6 p-Value
Yes,n (%)  No, n (%) Yes,n (%)  No, n (%) Yes, n (%) No, n (%)
Gender
Male 4 (40.0) 6 (60.0) 0.75* 2 (20.0) 8 (80.0) 0.12* 7 (70.0) 3 (30.0) 0.01*
Female 233 (36.1) 412 (63.9) 297 (46.1) 348 (53.9) 190 (29.45) 455 (70.5)
Reproductive age
Yes 216 (43.1) 285(56.9)  <0.001** 263 (52.5) 238(47.5) <0.001*F 183 (36.5) 318 (63.5) <0.001**
No 21 (13.6) 133 (86.4) 36 (234) 118 (76.6) 14 (9.1) 140 (90.9)
Age, mean  35.5] 36.37 0.26£ 37.03 35.24 .014¢ 34.03 36.93 <0.001%
*Fisher’s exact test.
**Chi-squared test.
£Mann-Whitney U test.
equal to 60years, the frequency of different HPV geno- Discussion

types was relatively lower. In fact, none of the common
HPV genotypes were detected in the age group 65 to
69 years (Table 2).

HPV genotyping risk assessment

As shown in Table 3, 237 (36.2%) of the patients had super-
infection. The percentage of cases with superinfection was
significantly higher in people of reproductive age
(»<0.001). High-risk types were found in 299 (11.4%)
patients. In other words, the prevalence of high-risk types
among all positive HPV cases was 45.6%. The frequency of
high-risk types was significantly higher in people of repro-
ductive age (p <0.001). One of the most important strains
examined separately was HPV-6, which was observed in
197 (30.1%) of the positive cases. In addition to the signifi-
cant relationship between the prevalence of this strain and
reproductive age (p<<0.001), its frequency was signifi-
cantly higher in women (p=0.01). In addition, the mean age
of patients with HPV-6 was significantly 3 years lower than
that of other patients (»p <0.001).

In the current study conducted in the city of Sanandaj, the
average age of women infected with HPV was 36.06 years.
The highest number of infected individuals was observed in
the age group 30-34years, with a total of 151 individuals
(23.05%). A similar study by Gavrankapetanovic et al.'* in
Bosnia and Herzegovina reported a mean age of 33.38 years
for women with HPV. In contrast, Prabhu et al.'"* conducted
a study in the United States where the mean age of women
with HPV was 23.9years. This discrepancy may be due to
different sexual behaviours observed in different parts of the
world.!>16

The results showed that the prevalence of HPV in our data
was 25.1%. Studies conducted around the world have pro-
vided different estimates of the prevalence of this virus.
According to a study conducted by Vinodhini et al.'” on
576,281 women from different regions of the world, the
prevalence of infection was reported to be 32.1%. In a sys-
tematic review conducted by Colpani et al.'® in Brazil, the
prevalence of cervical HPV among 57,513 individuals was
reported to be 25.4%.'® The prevalence of this infection is
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higher in high-risk groups such as female sex workers
(FSWs), so much so that in a systematic review of 62 pri-
mary studies involving 21,402 FSWs from 33 countries, the
pooled HPV prevalence was 42.6%."

Based on our study, 299 (45.6%) of the total identified geno-
types were classified as HRGs, while 356 (54.4%) were classi-
fied as LRGs. In a similar study conducted by Jamdar et al.?° in
Karaj in 2018, 10.3% of the identified genotypes were HRGs,
while 89.7% were LRGs. However, in another study conducted
by Thapa et al.! in 2018 in Nepal, approximately 57.3% of the
identified genotypes were HRGs, while 42.7% were LRGs. It is
worth noting that different reports on the prevalence of HRGs
and LRGs have been observed in other studies, likely due to
geographical differences in sample selection.??2*

Among the 41 genotypes investigated in our study, the
most common genotypes were 6, 16, and 54, with frequen-
cies of 197 (30.1%), 94 (14.4%), and 59 (9%), respectively.
These genotypes have also been reported as the most com-
mon LRGs and HRGs in other studies, including HPV 6 and
HPV 16.2%" In contrast to some studies in other regions of
the world where HPV 18 was reported as the second most
common HRG,?®% our study found HPV 59 to be the second
most common HRG.

Individuals with HRGs had a significantly higher preva-
lence of multiple infections, while single infections were
more common in individuals aged 45—54 years. In contrast,
the study by Chen et al.® showed a higher rate of single
infections in individuals aged 25-55 years. The highest age-
specific HPV prevalence for the most common genotypes (6
and 16) was between 30 and 34 years of age. In the Iranian
study by Kesheh et al.,?! the 30-45 age group had one of the
highest prevalence rates for HPV 6. However, the study by
Dunne et al.*? showed a different pattern, with the highest
prevalence of types 6 and 16 in individuals aged 14—19 years
and 2024 years, respectively. In our study, a significant
association was observed between HRGs and the age group
1524 years. Similarly, the studies by Baussano et al.*>* and
Trama et al.** showed that HRGs were significantly higher in
individuals younger than 25 and 29 years, respectively.

It is clear that the high prevalence of HPV infection is one
of the consequences of increasing risky sexual behaviors in
society.>> In addition, the high prevalence of this infection
may be one of the major challenges for the health care sys-
tem due to the increased risk of developing HPV-related can-
cers.>*3¢ in such a situation, more attention needs to be paid
to the issue of HPV vaccination as well as the early detection
and timely treatment of HPV-related cancers. In such a situ-
ation, more attention needs to be paid to the issue of HPV
vaccination, as well as to the early detection and timely treat-
ment of HPV-related cancers.

This study has several limitations and some strengths that
need to be noted. First limitation is that the results of the
study could not be generalized to the total population of

Kurdistan province because of the lack of sample size calcu-
lation and also, we did not select the samples randomly from
the population and study patients were those who were
referred by doctors to the laboratories. The second limitation
is the lower samples from the male population, so we could
not estimate the prevalence of HPV in even study popula-
tion. Despite these limitations, this study is considered the
first study in Kurdistan that was conducted to determine the
genotypes of papillomavirus. The second strength of the
study is that viral genotyping of all samples was performed
using the same method and in the same laboratory. Further
population-based studies with a larger sample size of both
men and women in our regions are needed in order to gener-
alize the results.

Conclusion

In conclusion, this study provides valuable insights into the
prevalence and genotype distribution of HPV in the Kurdish
population. The results indicate that HPV infection is preva-
lent in women of reproductive age, with the highest number
of cases observed in the 30-34-year age group. Furthermore,
high-risk HPV genotypes were found in a significant propor-
tion of the infected population, suggesting a risk factor for
the development of cervical cancer and related diseases. The
most common genotypes identified were types 6, 16, and 54.
Interestingly, the occurrence of superinfection, defined as
the co-occurrence of multiple HPV types, was observed in
more than a third of the participants. The study also showed
a significant association between HPV types and the age
group 1524 years. These findings highlight the importance
of targeted HPV vaccination programs and screening strate-
gies, particularly in younger age groups, to reduce the bur-
den of HPV-related disease in the Kurdish population.
According to our data and high prevalence of HPV, we rec-
ommend interventional program specifically vaccination in
national level.
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