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a b s t r a c t 

Introduction: Human papillomavirus (HPV) infection is one of the major health concerns of women in 

developing countries. This study gives an insight into the prevalence and genotype distribution of HPV 

infection and compares it with Pap smear results among Iranian women. 

Methods: In this study, 12 076 Iranian women underwent routine examination from November 2016 

to November 2018 using HPV Direct Flow CHIP System for HPV DNA typing. Cytology was undertaken for 

5138 samples. 

Results: Overall HPV prevalence was calculated at 38.68%. The most frequent HPV types were HPV 6, 

16, 11, 62/81, 52 and 54. The most high-risk HPV (HR-HPV) types were HPV 16, 52, 18, 39, 31 and 51. 

These 2 groups represent approximately half of all HPV types detected, 47% and 55%, respectively. Among 

individuals who underwent cytological tests, 135 individuals (2.63%) were cytologically positive. In this 

group, 81 individuals (60%) were HPV positive, 62 (76%) of whom were HR-HPV positive, most frequently 

with HPV 16 (34%). 

Conclusion: This study highlights the urgent need for public education and early diagnosis using HPV 

screening tests to prevent cervical cancer. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Cervical cancer (CC) is the third leading cause of cancer among 

omen worldwide and the 16 th lead cause of female cancer among 

ranian people ( Taebi et al., 2019 ). Approximately 570 0 0 0 new
✩ Running title: Genotype distribution of HPV among Iranian women 
∗ Corresponding authors: Department of Medical Genetics; Faculty of Medical Sci- 

nces; Tarbiat Modares University; Tehran, Iran, Tel: + 98-21-82884569 
∗∗ Co-corresponding authors: Department of Medical Genetics, DeNA Laboratory, 

ehran, Iran, Tel: + 98-21-43936 

E-mail addresses: mrhekmat@yahoo.com (M.R. Hekmat), 

asoud.garshasbi@modares.ac.ir (M. Garshasbi). 

C

2

f

T

H

b

l

m

ttps://doi.org/10.1016/j.ijid.2021.07.071 

201-9712/© 2021 The Authors. Published by Elsevier Ltd on behalf of International Socie

 http://creativecommons.org/licenses/by/4.0/ ) 
ases and 310 0 0 0 deaths of CC are estimated annually world- 

ide ( Wang et al., 2019 ). Viral infections, especially human pa- 

illomavirus infection (HPV), which is recognized as one of the 

ost common sexually transmitted infections worldwide, are now 

ne of the known risk factors for CC ( Nishimura et al., 2021 ), i.e.,

C is by far the most frequent HPV-related disease ( Xing et al., 

021 ). More than 200 genotypes of HPV have been identified so 

ar; approximately 40 may infect genital areas ( Wang et al., 2015 ). 

hey can be classified into either oncogenic, also called high-risk 

PV (HR-HPV), or non-oncogenic—low-risk HPV (LR-HPV)—groups 

ased on their associations with malignant or benign proliferative 

esions ( Al-Shabanah et al., 2013 , Shafaghi et al., 2013 ). Although 

ost HPV infections are transient and do not cause serious dis- 
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ase, some persist for several years and may have great potential 

o cause tumor malignancy ( Jalilian et al., 2017 , Kamal et al., 2021 ).

Chronic infection with HR-HPV subtypes, found in more than 

9% of all cervical squamous cell carcinomas, is the major risk fac- 

or for the disease and is associated with cervical intraepithelial 

eoplasia (CIN) ( Hasanzadeh et al., 2019 , Xue et al., 2021 ). The

ncogenic activity of HR-HPV types is imputed to the random in- 

roduction of the virus genomic DNA into the host genome ( Al- 

habanah et al., 2013 , Liu et al., 2021 ). HR-HPVs are associated 

ith high-grade lesions and CC invasiveness ( Mchome et al., 2021 ). 

PV-16 and HPV-18 are the most important types, explaining the 

ause of ∼70% of CC cases ( Herraez-Hernandez et al., 2013b ). The 

ost frequent LR-HPV types are HPV-6 and HPV-11, commonly giv- 

ng rise to benign warts ( Jalilian et al., 2017 ). It has been identified

hat primary prevention can be achieved by injecting HPV vaccines 

hat prevent precancerous lesions and CC. 

A growing body of research has investigated the prevalence and 

enotype distribution of HPV in different geographical regions, in- 

luding Iran. It has been shown that the incidence and mortal- 

ty rate of CC varies, depending on geographical location, which 

n turn can be chalked up to differences in healthcare education, 

revention, and screening methods ( Yeo-Teh et al., 2018 ). These 

nderscore the importance of such studies in public healthcare 

ystems. 

Evaluation of HPV genotype prevalence is necessary for health- 

are and vaccination programs. Pap smear, screening for HR- 

PV, and colposcopy-based testing can effectively decrease HPV- 

ssociated CC development ( Olusola et al., 2019 ). Unfortunately, 

PV prevalence data are not yet clearly available for the total pop- 

lation of Iranian women ( Jalilian et al., 2017 ). To help fill this gap,

e determine the prevalence of HPV subtypes in 12 076 Iranian 

omen. 

ethods 

tudy design and participants 

This cross-sectional study was conducted for 24 months (from 

ovember 2016 to November 2018) using a total of 12 076 geni- 

al samples from Iranian women (aged from 18 to 71) who were 

eferred to DeNA laboratory, Tehran, Iran, for routine CC screening. 

he women were referred by gynecologists, urologists, and derma- 

ologists for various reasons, including physical examination, suspi- 

ious infertility, vaginitis, cervicitis, undiagnosed abdominal pain, 

enital warts, and cervical intraepithelial neoplasia. Although the 

creening of people suspected and/or at–risk of HPV infection was 

rought to the attention of health authorities in Iran, no particular 

ublic health screening has been initiated. Hence, the specialists 

ho dealt with these patients usually refer them based on their 

ymptoms to molecular medical diagnostic laboratories that usu- 

lly use ‘co–testing’ or ‘reflex testing’; in the former test, the Pap 

esults are obtained regardless of HPV test, the latter testing is per- 

ormed sequentially. 

For our study, the following inclusion criteria were used: (i) the 

articipant should have been sexually active; (ii) they should be 

 18 and < 71 years; (iii) from the Iranian population; and (iv) in-

erested in participating in the screening program. The exclusion 

riteria were: (i) pregnancy, (ii) a positive history of hysterectomy, 

rachelectomy, cervical intraepithelial neoplasia grade 2 or higher, 

alignant tumors, and cervical lesion treatment. Only participants 

ho met these criteria and grasped sufficient verbal information 

bout the significance of HPV testing to provide informed consent 

ere included in the study. All participants were of Iranian descent 

nd all were told to refrain from sexual activity and avoid washing 

heir genitals for 48 hours before sample collection. 
296 
ata collection 

To facilitate collecting adequate information about socio- 

emographics and sexual habits, and other germane risk factors 

f HPV infection, all participants filled in a standardized ques- 

ionnaire during a face-to-face interview. Quality control of HPV 

enotyping included the following issues: sample quality require- 

ents, test quality requirements, test report entry and issuance, 

nd molecular diagnostic item analysis performance standards. The 

ample container was a disposable HPV collection tube. 

After the cervix uteri were fully exposed by a vaginal specu- 

um, a cytobrush was used to collect the cells at the junction be- 

ween the endocervix and the ectocervix. The cells were stored in a 

reservative solution according to the manufacturer’s instructions. 

ervical cells were transported and stored at ambient temperature 

10–30 °C) for a maximum of 5 days until further manipulations. 

ervical cytology smears were analyzed by a cytopathologist who 

as unaware of participants’ HPV DNA test results. According to 

he relevant guidelines ( Saslow et al., 2007 , Sawaya and Smith- 

cCune, 2007 ), after providing HPV DNA test and cytology results, 

articipants with atypical squamous cells of undetermined signif- 

cance (ASCUS) or positive HR-HPV were referred to gynecologists 

or further examinations, e.g., colposcopy. 

Blatt et al. have proposed that routine HPV tests performed 

ith Pap test—also known as “co-testing”—are better protection 

han HPV-only, Pap-only, and reflex testing in women aged 30 to 

5 years ( Blatt et al., 2015 ). Herein, 5138 patients had been re- 

erred us for co-testing or reflex testing whereby they had been 

dentified with HR-HPV and referred for further examination, i.e., 

ytology testing. 

PV DNA extraction, PCR amplification, and genotyping 

After obtaining smeared cell slides for ThinPrep, samples were 

ubjected to automated DNA extraction by ZP02003 MagPurix Viral 

ucleic Acid Extraction Kit (Zinexts Life Science Corp., New Taipei, 

aiwan) according to the manufacturer’s instruction. The PCR reac- 

ion was performed at a final volume of 40 μL, including PCR mix, 

ot Start DNA Polymerase, Uracil-DNA Glycosylate, and DNA in PCR 

ubes of 0.2 mL. Amplification conditions and reverse hybridization 

rocedures were performed according to the HPV Direct Flow CHIP 

or hybriSpot 12 manufacturer’s guidelines. The assay included the 

mplification of a 268 bp fragment of the human beta-globin gene 

internal control) and a 150 bp fragment of the HPV L1 region 

GP5 + /GP6 + ). The reverse dot blot hybridization and read-out of 

he results were then performed in the e-BRID System 

TM (Mas- 

er Diagnóstica, Granada, Spain). This PCR-based method can iden- 

ify 36 HPV genotypes including 18 HR-HPV or putative high–risk 

enotypes (HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59,

6, 68, 73, and 82) and 18 LR–HPV genotypes (HPV 6, 11, 40, 42, 

3, 44, 54, 55, 61, 62, 67, 69, 70, 71, 72, 81, 84, and 89). 

To carry out the HPV test, specimens were analyzed by the HPV 

irect Flow CHIP System for HPV DNA typing. The 5138 samples 

ere screened using liquid-based cytology. By obtaining HPV DNA 

est and cytology results, women with ASCUS or worse, or positive 

R-HPV DNA were referred to a gynecologist for further follow-up 

r colposcopy examination. 

tatistical analysis 

Chi-squared, Fisher’s exact test, and Mann–Whitney U test were 

sed to compare categorical variables. Proportions and odds ratio 

stimations were reported with their 95% CIs. Sample sizes, HPV 

revalence and genotypes, and single and multiple HPV infection 

rofiles were also described. Statistical analysis was performed by 

PSS version 26.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 
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Figure 1. a) Distribution of human papillomavirus (HPV)-negative and HPV-positive participants based on their age. A substantial number of patients were determined in 

the second group (26–46 years old women). b) The number of negative cases and individuals with single and multiple HPV infections. An asterisk ( ∗) indicates individuals 

were detected with other types of HPVs which include types other than types detected by this method. 

Table 1 

Frequency and prevalence of each type of human papillomavirus 

(HPV) infection—single and multiple types—in participants. Seven 

groups were considered to show the exact type of HPV infection. 

Genotype Frequency Prevalence 

Single 2681 57.4% 

Double 1033 22.11% 

Triple 450 9.63% 

Quadruple 197 4.22% 

Quintet 133 2.85% 

Sextuple 28 0.6% 

Other types ∗ 149 3.2% 

∗ Participants who were detected with other types of HPVs (other 

than types detected by this method). 
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.7.0 (GraphPad, San Diego, USA). P -values < 0.05 were considered 

o be statistically significant. 

esults 

revalence of HPV according to age parameter 

A total of 12 076 samples were collected and screened for HPV 

enotypes. The samples were divided into 3 groups based on the 

ge parameter (18–25, 26–46 and 47–71 years). While the majority 

f referred individuals (81.1%) were in the 26–46 years old group, 

he highest HPV prevalence was determined in the first group (18–

5 years old women) ( Figure 1 a ). 

revalence of single and multiple HPV infection 

As shown in Table 1 , single infection (2681 cases, 57.4%) was 

he most common form among the participants. Furthermore, 

mong multiple HPV infections, the prevalence of coincided HPV 

nfections decreased significantly as the number of infected geno- 

ypes increased, with 1033 (22.11%) patients with double-infection, 

50 (9.63%) with triple-infection, 197 (4.22%) with quadruple- 

nfection, 133 (2.85%) with quintet-infection, and 28 (0.6%) patients 

ith sextuple-infection. In total, 149 (3.2%) individuals were de- 

ected with other types of HPV ( Figure 1 b, 2 a, 2 b ). 

PV prevalence and genotype distribution 

The details of genotype distribution of HR-HPV and LR-HPV are 

hown in the Table 2 and Figure 3 . Ten common HR-HPV geno- 

ypes were as follows: HPV 16 (552, 16.98%), HPV 52 (286, 8.8%), 

PV 18 (250, 7.69%), HPV 39 (248, 7.63%), HPV 31 (242, 7.45%), HPV 
297 
1 (213, 6.55%), HPV 45 (183, 5.63 %), HPV 68 (180, 5.54%), HPV 66 

171, 5.26%), and HPV 58 (157, 4.83%). HPV 16 was the most com- 

on high-risk genotype among all participants, while HPV 26 was 

he least frequent. Furthermore, HPV 6, 11 and 62/81 were the top 

 most prevalent genotypes among LR-HPVs. 

PV infection rate and prevalence 

The HPV infection rate was 38.68%, of which high-risk, low-risk 

nd high- and low-risk multiple infection rates were estimated at 

7.41%, 32.03%, and 50.56%, respectively. Of the 36 detected HR- 

nd LR-HPV subtypes, the most common infections were HPV 6, 

6, 11, 62/81, 52, and 54. These explained approximately 47% of all 

etected HPV types. 

The analytical sensitivity and specificity of this method were 

ertified after enrolment in the 2011 WHO Proficiency Panel, i.e., 

he analytical sensitivity of the test determined 100% agreement 

ith reference values in 43 samples evaluated at different concen- 

rations (from 5 to 500 GE) in the setting of single and multiple 

nfections. Furthermore, no cross-reactivity among genotypes was 

bserved; therefore, the analytical specificity for these samples was 

00% ( Herraez-Hernandez et al., 2013a , Herraez-Hernandez et al., 

013b ). Additionally, according to the manufacture’s recommenda- 

ion, the detection limit was determined between 1 to 10 copies of 

iral genome equivalents. Regarding analytical specificity, no cross- 

eactivity was found between HPV genotypes included in the test, 

nd reactivity with genital pathogens Herpes was also excluded. 

ince sensitivity, specificity, and reproducibility of HPV Direct Flow 

HIP were determined as stated earlier we did not recalculate 

hese values. 

PV distribution based on cytological features 

The overall prevalence of HR-HPV infection was 38.68% (single 

r multiple HR-HPVs or multiple LR-HPVs). HPV 16 and 18 infec- 

ions (alone or with other HPVs) were detected in 552 (16.98%) 

nd 250 (7.69%) cases, respectively. HPV genotype distributions are 

ummarized in Table 2 . A total of 5138 samples were assessed by 

ytology, and 97.37% of women had normal cytology. It was deter- 

ined that 3672 individuals (71.46%) were negative for both cy- 

ology and HPV tests and 1331 individuals (25.90%) were cytology- 

egative and HPV-positive. Among individuals who underwent cy- 

ological tests, 135 (2.63%) were positive. ASCUS, atypical squa- 

ous cells of undetermined significance, the low-grade squamous 

ntraepithelial lesion (LSIL), and high-grade squamous intraepithe- 

ial lesion (HSIL) were found in 99 (73%), 4 (3%), 29 (21%), and 3 

2%) cases, respectively ( Table 3 ) . Of the 135 cytology-positive peo- 
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Figure 2. a) and b) Prevalence of each HPV genotype in single and multiple infections, respectively. HPV 6 was detected as the most common type in both groups. 
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le, 81 individuals (60%) were also HPV-positive; 62 (76%) were 

R-HPV-positive, and the most frequent type was HPV 16 (34%) 

 Table 4 ) . 

iscussion 

In 2018, 467 CC deaths in the Iranian population were reported 

ompared with 311 365 deaths worldwide ( Bray et al., 2018 ). CC 

s the 12 th leading cause of female cancer deaths and the 10 th in 

omen aged 15 to 44 years in Iran ( Bray et al., 2018 ). Persistent

nfection with HR-HPV types can put the cells in danger of malig- 

ancy and causes CC ( Tranberg et al., 2020 ). HPV prevalence has 

een reported as 22.1% in Africa, 11.3% to 20.4% in America, 8.1% in 

urope, and 8.0% in Asia ( Chen et al., 2013 ). Although severe life-

hreatening malignancies do not arise from LR–HPV subtypes, be- 

ign lesions cause stress and discomfort in patients. However, rel- 

tively few studies have investigated HR- and LR-HPV genotyping 

n Iranian women ( Jamdar et al., 2018 , Kesheh and Keyvani, 2019 ,
298 
abet et al., 2021 ). In this study, we determined the HR-HPV and 

R-HPV prevalence among 12 076 Iranian women who had been 

ubjected to routine CC screening and HPV DNA typing using the 

HPV Direct Flow CHIP System’. 

Herein, the overall HPV prevalence (HR-HPVs and LR-HPVs) 

as determined at 38.68%, in line with previous findings 

 Yousefzadeh et al., 2014 ). The prevalence of HR-HPV—single 

nd/or multiple infections—was approximately 15%, consistent with 

he previous report by Jamdar et al., suggesting that the prevalence 

f HR-HPV infection undergoing routine Pap smears was 10.3% if 

 types of HPV (HPV 26, 53, 73, 82) that are not assessed in the

obas method were excluded ( Jamdar et al., 2018 ). The high posi- 

ivity of HPV may arise from using different inclusion criteria and 

opulation profiles with a high rate of cases with abnormal cer- 

ical cytology ( Costa et al., 2021 ). Besides, Hamkar et al. showed 

hat 20 HR-HPV and LR-HPV types were detected in 7.2% of 1218 

omen with normal cervical cytology ( Hamkar et al., 2002 ). The 

ifferences between our findings and previous data could be ex- 



F. Bitarafan, M.R. Hekmat, M. Khodaeian et al. International Journal of Infectious Diseases 111 (2021) 295–302 

Table 2 

The prevalence of human papillomavirus (HPV) genotype distribution among participants. 

HPV 16 and HPV 6 were identified as the common types of high-risk (HR) and low-risk (LR) 

HPVs, respectively. 

Number HR-HPV type No. (%) Number LR-HPV type No. (%) 

1 16 552 (16.98%) 1 6 1550 (34.69%) 

2 52 286 (8.8%) 2 11 443(9.91%) 

3 18 250 (7.69%) 3 62 433(9.69%) 

4 39 248 (7.63%) 81 

5 31 242 (7.45%) 4 54 369(8.26%) 

6 51 213 (6.55%) 5 42 360(8.06%) 

7 45 183 (5.63%) 6 40 268(6%) 

8 68 180 (5.54%) 7 44 260(5.82%) 

9 66 171 (5.26%) 55 

10 58 157 (4.83%) 8 43 257(5.75%) 

11 53 152 (4.68%) 9 67 160(3.58%) 

12 56 138 (4.25%) 10 89 157(3.51%) 

13 73 137 (4.21%) 11 61 75(1.68%) 

14 59 121 (3.72%) 12 69 75(1.68%) 

15 35 119 (3.66%) 13 70 36(0.81%) 

16 82 56 (1.72%) 14 72 16(0.36%) 

17 33 38 (1.17%) 15 71 5(0.11%) 

18 26 7 (0.21%) 16 84 4(0.09%) 

Total - 3250 - - 4468 

Figure 3. Prevalence of each HPV genotype in the participants. HPV 6 was the most common type of HPV detected. 
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lained by factors such as using different laboratory techniques 

nd differences in the age of participants. Thus, comparison of 

revalence between studies should be made with caution. 

In the present study, we determined that the candidate popula- 

ion (aged 18–25 years) were vulnerable to HPV infection, consis- 

ent with previous findings ( Castellsagué et al., 2009 , Harper, 2008 , 

u et al., 2011 ). We also showed that the prevalence of single in-

ections (57.4%) remained higher than for double or multiple in- 

ections. Double infections accounted for 56.11% of multiple HPV 

nfections. There were more single HPV infections than multiple 

n this study. Infection with multiple HPV genotypes is associated 

ith an increased risk of HPV persistence ( Oyervides-Muñoz et al., 

020 ). Our low detection rate of multiple HPV infections could be 

ecause most participants in this study were healthy or without 

evere conditions. 

We showed that the most prevalent HR genotype was HPV 16. 

revious data demonstrated that the prevalence of HPV 16 and/or 

PV 18 among Iranian women with normal cytology, low-grade 

ervical lesions (LSIL/CIN-1), high-grade cervical lesions (HSIL/CIN- 

/CIN-3/CIS), and CC were 2.8%, 42.9%, 67.6% and 58.6%, respec- 

ively ( Ahmadi et al., 2017 , Esmaeili et al., 2008 , Jalilvand et al.,
299 
015 ). Besides, Sudenga et al. reported that HPV 6 and 11 are of- 

en seen in genital warts in patients ( Sudenga et al., 2017 ), and our

ndings were consistent with these findings. 

In this study, the most frequent LR-HPV types were HPV 6, 11, 

2/81, 54, 42, 40 and 44/55 and the HR-HPV types were HPV 16, 

2, 18, 39, 31 and 51. Consistent with these findings, Mobini et al. 

eported that among 10 226 participants assessed, 16.6% of females 

howed HPV 16 and 9.6% HPV 52. Therefore, in the Iranian popu- 

ation, the most frequent HR-HPV types are HPV 16 and 52. A 9- 

alent vaccine including virus-like particles of HPV types 6, 11, 16, 

8, 31, 33, 45, 52 and 58 has been introduced, which could poten- 

ially prevent 70%–90% of HPV-related cancers ( Joura et al., 2015 ), 

lthough it is not yet available for the whole population in Iran. 

Our findings revealed that approximately 2.6% of available cer- 

ical cytology results were abnormal (ASCUS or worse). In to- 

al, 46.26% were HR-HPV positive, and 33.87% were positive with 

PV 16 alone. Together HPV 18, 31 and 53 were the second most 

ommon HR types, found in 11.29% of abnormal samples. The di- 

gnostic frequency of ASCUS has been reported as 1.6% to 9% 

 Joura et al., 2015 ); in this study, we determined it at approxi-

ately 1.9%. In total, HPV distribution in Iran is consistent with 
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Table 3 

Frequency of high-risk human papillomavirus genotypes—including 

single and multiple infections—of patients with positive cytological 

results. 

HPV type ASC-US LSIL ASC-H HSIL 

16 13 5 2 1 

18 3 3 1 - 

26 - - - - 

31 6 1 - - 

33 - - - - 

35 4 1 - - 

39 2 1 - - 

45 4 - - 2 

51 2 2 - - 

52 3 2 - - 

53 4 3 - - 

56 3 2 - - 

58 3 1 - - 

59 1 - - - 

66 3 - - - 

68 3 1 - - 

73 1 2 - - 

82 4 - - - 

Abbreviations: ASC-US; atypical squamous cells of undetermined sig- 

nificance, LSIL; low-grade intraepithelial lesion, ASC-H; atypical squa- 

mous cells, cannot exclude high-grade squamous intraepithelial le- 

sion, HSIL; high-grade intraepithelial lesion 
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Table 4 

Distribution of human papillomavirus genotype in individuals with positive cytology resu

ASC-US 

HR-HPV positive (single, multiple: coinfection 

with other HR and/or LR HPVs) individuals 

HR: HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16 

HR-HPV 16, 52, 53; LR-HPV 54, 62/

HR: HPV 16, 45, 51, 66; LR-HPV 42

HR-HPV 16, 35; LR-HPV 11 

HR-HPV 31 

HR-HPV 31 

HR-HPV 31 

HR-HPV 31, 68, 82 

HR: 31, 39, 45, 52, 66; LR-HPV 43, 

HR-HPV 31; LR-HPV 43 

HR-HPV 82; LR-HPV 54, 62/81 

HR-HPV 53 

HR-HPV 51, 52, 56; LR-HPV 11, 54, 

HR-HPV 53 

HR-HPV 58; LR-HPV 44/55, 62/81 

HR-HPV 18, 73; LR-HPV 11, 54 

HR-HPV 45, 58, 68, 8; LR-HPV 62 

HR: 18, 58; LR-HPV 40 

HR-HPV 35; LR-HPV 11 

HR-HPV 82 

HR-HPV 53, 58, 68 

HR-HPV 18 

HR-HPV 56 

HR: 58; LR-HPV 40 

HR: 58; LR-HPV 44/55 

HR-HPV 51 

LR:11 

HR-HPV 66 

LR-HPV 54 

HR-HPV 35 

HR-HPV 35, 39, 45, 56, 59 

Single or multiple LR HPV positive 10 

HPV negative 49 

Undetected 2 

300 
he previous findings in the general population with early diagno- 

is, e.g., HPV 16 is the most common reported genotype in can- 

er or precancerous lesions ( Li et al., 2021 , Oyervides-Muñoz et al., 

020 ). HPV vaccination is currently part (though not thoroughly) 

f the national vaccination program in Iran ( Taebi et al., 2019 ) and

he quadrivalent vaccine that prevents HPV 16 and 18 infections is 

ow available and can reduce the incidence of CC; however, insur- 

nce companies do not cover the vaccine cost. 

There are several limitations of this study. Firstly, we recruited 

articipants in a clinical setting, and our findings may not be gen- 

ralizable to all Iranian women. Secondly, in many cases, cytolog- 

cal analyses of cervical swabs were not available to evaluate the 

ossible association between HPV infection and clinical lesions. 

astly, some factors had not been documented when this study 

ommenced, e.g., the age at first intercourse, sexual partners, ho- 

osexual or heterosexual intercourse, prolonged oral contracep- 

ion, smoking, poor socio-economic conditions, and hormonal con- 

raceptive use. Hence, these limited us to a broad set of factors for 

he analysis of risk. 

Despite these limitations, to the best of our knowledge, this 

tudy was the first report investigating the association between cy- 

ology results and the prevalence of HPV infection and HPV geno- 

ype distribution among a large group of Iranian women. However, 

e believe that further studies should be carried out among ado- 
lts. 

ASC-H LSIL HSIL 

HR-HPV 16 HR-HPV 16 HR-HPV 16 

HR-HPV 16 HR-HPV 16 HR-HPV 45 

HR-HPV 18 HR-HPV 16 HR-HPV 45; LR-HPV 6 

HR-HPV 53 

HR-HPV 56, 68 

HR-HPV 39,51 

HR-HPV 18; LR-HPV 42 

HR-HPV 18; LR-HPV 6 

HR-HPV 35, 53, 73 

HR-HPV 31; LR-HPV 42 

81 HR-HPV58, 73; LR-HPV 42 

 HR-HPV 52 

HR-HPV 51; LR-HPV 6, 40 

HR-HPV 52 

HR-HPV 56 

HR-HPV 53; LR-HPV 6 

HR-HPV 16; LR-HPV 62/81 

67 HR-HPV 16,18 

61, 44/55 

6 1 - 

5 - - 

- - - 
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escents to better understand HPV distribution in Iran by consid- 

ring various factors to stratify the case population, e.g., cultural 

vents, lifestyle. 

onclusions 

It has been suggested that HPV can become a dynamic threat. 

n the context of protective and preventive methods for HPV infec- 

ion, the present study highlights the genotype distribution of this 

nfection in the Iranian population. Determining the HPV preva- 

ence and the distribution of specific genotypes in a large popu- 

ation of Iranian people can improve health policies implemented 

y government and health agencies. The results obtained from 

he present study may be useful for policymakers to specify cost- 

ffective interventions and recommendations to improve national 

mmunization against HPV and CC. 
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