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ABSTRACT 

 

 
Background and Objectives: The human papillomavirus (HPV) is associated with more than 70% of the cervical neoplasm. 

The current study aims to evaluate the distribution of HPV genotypes in suspected women cytological specimens from Teh- 

ran, Iran. 

Materials and Methods: In the current cross-sectional study, HPV genotype prevalence was investigated in 433 subject 

women. DNA extraction was performed by High Pure Viral Nucleic Acid kit. A semi-automatically hybriSpot 24™ (HS24) 

setting was used for HPV typing and data interpreted by hybriSoft™ software according to instructions. 

Results: Pathologic data showed 181 (41.8%) had non-malignant lesions, 212 (49%) had inflammation and 40 (9.2%) 

reported LSIL in primary Pap-smear result. HPV was found in 143 (33%) specimens and the most comment high-risk and 

low-risk HPV types were HPV-16 and -6, respectively. Also, 62 (43%) were co-infected with multiple genotypes includes, 

34 (24%) cases had co-infection with two HPV types, 17 (12%) cases had co-infection with three HPV types, 6 (4%) cases 

had co-infection with four HPV types and 5 (3%) cases had co-infection with five HPV types. There was statistically different 

domination on high-risk genotype in most of the co-infected samples (p<0.01). 

Conclusion: Current study indicates that the lesion pathology assessment was significantly associated with the HPV infec- 

tion (p<0.01). Furthermore, the age group assessment shows that most of the HPV positive cases were 21 to 40 (p<0.01). The 

HPV infection prevalence in the current study was 33% and the most frequently reported high-risk and low-risk HPV types 

were 16 and 6, respectively. 
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INTRODUCTION 

 
Cervical cancer is the fourth common cancer in 

women worldwide and the international agency for 

research  on  cancer  (IARC)  records  528000  new 

cases and 266000 cervical cancer-related deaths 

during 2012. Depends on the geographical regions 

the cervical cancer rates differ from 0.4 to 4.1 in ev- 

ery 100000 people in Iran (1). The HPV infection 

could be self-limited mostly but in 10-15% of cases, 

the infection leads to the cervical intraepithelial neo- 

plasia-2 (CIN-2) or even more advanced grades (2). 

Also, this infection needs more than 10 years for ma- 

lignancy induction (3). Cervical cancer progression 

also could be facilitated by other co-factors such as 

multiple pregnancies, multiple sexual partners, so- 

cioeconomic state, smoking and, oral contraceptive 

consumptions (4). 

Human papillomavirus (HPV) shows a long his- 

tory of evolution in humans as hosts and reflects a 

specific tropism into the epithelial cells. The HPV-16 

and 18 are the most tumorigenic types and associ- 

ated with 70% of cervical cancer cases and 50% of 

the cervical intraepithelial neoplasia grade 3 (CIN-3) 

(5). Meanwhile, HPV-6 and 11 are mostly associat- 

ed with genital warts (6, 7). The HPV transmission 

could be due to the sexual, skin or mucosal contacts 

(6, 7). The HPV is one of the most common sexually 

transmitted infections (STIs) around the world. It has 

been estimated that most sexually active females are 

infected with at least one of the HPV types world- 

wide (8, 9). Furthermore, there are about 40 differ- 

ent genotypes of this virus were introduce as an STI 

while 14 types of all them known as high-risk geno- 

types including 33, 31, 18, 35, 39, 45, 51, 52, 56, 59, 

67, and 73 (10-13). 

Recently, the prevention of HPV infection com- 

plications is focused on the vaccine and the screen- 

ing  strategies  (14-18).  Cervical  cancer  screening 

is important due to the better treatment responses 

in pre-cancerous lesions. Studies indicated that the 

cytological approaches in cervical cancer screening 

could reduce the number of cervical cancer-related 

deaths (19). There are different screening tests for the 

cervical cancer such as cytological (Papanicolaou 

(Pap-) smear) and virological (HPV PCR). The vi- 

rologic test could be presented high sensitivity but 

lower  specificity in  comparison  with  the  popular 

cytological test (20, 21). Meanwhile, the Pap smear 

test has a low sensitivity in comparison with the PCR 

(22). This low level of sensitivity could lead to more 

susceptibility of the women for the cervical cancer 

(23).  By  considering  the  importance  of  different 

HPV genotypes in the disease progression the cur- 

rent study aims to evaluate the frequency of different 

HPV genotypes in patients with different cytological 

results. 
 

 
 
MATERIALS AND METHODS 

 
Study population. In the current study, 433 females 

referred to medical centers affiliated to Iran Universi- 

ty of Medical Sciences, Tehran, Iran for cervical cy- 

tology screening and underwent Pap smear test from 

July 2014 to June 2019 were enrolled. The Pap-smear 

test was performed by sophisticated pathologists and 

the eligible individuals who met the inclusion criteria 

and agreed to participate were carried out. The demo- 

graphical features were obtained from the medical re- 

cords. Cervical cancer screening was based on WHO 

guidelines. Interviewers were nurses in the primary 

care units that explaining the study details and invit- 

ed women to participate in the study before routine 

cytology screening. Informed consent was signed by 

each participant. Ethics was approved by the Ethical 

Committee of Iran University of Medical Sciences, 

Tehran, Iran (No: IR.IUMS.REC.1398.862). 

 
Samples collection. Before the examination, the 

procedure was explained verbally to the women. Ex- 

amination room with enough light was used for the 

cervix inspection visually. Any abnormalities such 

as the trace of inflammation, ulceration and growth 

were inspected by speculum examination. Ayre's 

spatula used for cervical cells collection and spread 

them on the pre-labelled spatula glasses. Then, the 

fixative spray was used. Tubes containing Preserv- 

Cyt® solution (Hologic Inc., Marlborough MA, USA) 

was carried out for spatula washing. Additionally, the 

endocervical brush was used for cervical cell sample 

collection and the same PreservCyt® vials were used 

for the second sample collection. 

 
Cytology. The cervical smear slides were processed 

and stained then read and reported. The Bethesda 

system was used for abnormality reporting via ex- 

pert cytopathologist. The atypical squamous cells of 

uncertain  significance (ASCUS)  and  HPV-positive 

women were referred to a gynecologic oncologist for 
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colposcopy speculation and probable directed biop- 

sies for further analysis. 

 
Nucleotide acid extraction. The nucleotide acid 

extraction was performed by the High Pure Viral Nu- 

cleic Acid kit (Roche, Mannheim, Germany) based 

on the manufacturer's protocols. Also, the extracted 

nucleotide acid purification was assessed by the spec- 

trophotometry method by the NanoDrop ND-1000 

(Thermo Fisher Scientific Inc., Waltham, MA, USA). 

Isolated DNA kept at -70°C until analysis. 

 
HPV detection and genotyping. A nested-PCR 

was performed for primary HPV detection. The first 

round performed by MY09/11 and the second by 

GP5+/6+ universal primers which targeted the HPV 

L1 gene (24, 25). A 25 μl reaction mix contained 0.2– 

0.5 μg concentration of extracted DNA or controls, 

0.5-μM concentration of each forward and reverse 

primers and 12.5 µl of 2× master mix (Yekta Tajhiz 

Azma Co., Tehran, Iran), and distilled water was add- 

ed to reach the final volume. A Bio-Rad thermocycler 

(T100™ Thermal Cycler) was used for heating pro- 

gram as follow: 5 min at 94°C, 45 cycles of 1 min at 

94°C, 1 min at 52°C, and 1 min at 72°C and final ex- 

tension of 5 min at 72°C. The second round was per- 

formed as first round except using 42°C for annealing 

step. Then, specific bands of PCR products (451 for 

first round and 150 for second round) were visualized 

on 1.5% concentration of agarose gel in an electro- 

phoresis setting and using an appropriate ladder un- 

der UV radiation emitted by the translaminator. 

 
HPV  typing  by  hybriSpot  24™  (HS24).  A 

semi-automatically hybriSpot 24™ (HS24) setting 

was used for HPV typing and data interpreted by hy- 

briSoft™ software according to instructions. The kit 

could detected 36 HPV genotypes included high risk 

HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 

56, 58, 59, 66, 68, 73, 82 and low risk types 6, 11, 40, 

42, 43, 44, 54, 55, 61, 62, 67, 69, 70, 71, 72, 81, 84, 

89. Briefly, the cell pellet was obtained from the liq- 

uid-based cytology samples which were washed sev- 

eral times by PBS and centrifuged gently. Then, they 

were kept at -70˚C and used as template for PCR step. 

A total of 6 µl of template was used for the first round 

PCR according to the kit protocol. The hybridization 

procedure at 41°C was done on HPV CHIP-HS by the 

instructions. The test condition was confirmed based 

on HPV CHIP quality control. 

Statistical evaluation. The statistical assessment 

in this study was performed by the IBM SPSS ver- 

sion 22. The statistical significance was assumed as 

p<0.05. The chi-square and Mann-Whitney u tests 

were used for the evaluation of the different parame- 

ters in the current study. 
 

 
 
RESULTS 

 
Patients. A total of 433 females participated in our 

comprehensive evaluation based on inclusion criteria. 

The mean age ± SD of patients in this study was 33.59 

± 8.32 range 18 to 62 years. Also, the Pap-smear test 

results indicated atypical squamous cells of unknown 

significance (ASCUS) in 181 (41.8%) of the patients. 

Furthermore 212 (49%) of the patients show mild or 

moderate inflammation while 40 (9.2%) reported the 

low-grade squamous intraepithelial lesion (LSIL). 

 
HPV typing. The HPV detection by PCR indicated 

that 143 (33%) of patients were HPV positive while 

290 (67%) were negative for the HPV infection. HPV 

typing by HybriSpot 24™ (HS24) among HPV pos- 

itive samples showed a different pattern of high-risk 

and low-risk HPV types. The HPV typing results are 

summarized in Fig. 1 and Table 1. The result shows 

that 14 (19.7%) of the patients were infected with 

both high-risk and low-risk HPV types. 42 (29.6%) 

had high-risk HPV types and 72 (50.7%) had low-risk 

types. Also, 81 (57%) cases infected with one HPV 

type and 62 (43%) were co-infected with multiple 

genotypes including, 34 (24%) cases had co-infection 

with two HPV types, 17 (12%) cases had co-infection 

with three HPV types, 6 (4%) cases had co-infection 

with four HPV types and 5 (3%) cases had co-infec- 

tion with five HPV types. There was statistically dif- 

ferent domination on high-risk genotype in most of 

the co-infected samples (p<0.01). Based on the lesion 

in pathology screening 212 (48.9%) had only inflam- 

mation, 181 (41.8%) identified as ASCUS, and 40 

(9.2%) were LSIL. No HSIL was diagnosed. The le- 

sion pathology assessment was significantly associat- 

ed with the HPV result (p<0.01). Combined pathology 

and HPV multiple types showed that there were 19 in- 

flammation, 26 ASCUS, and 17 LSIL cases identified 

by HPV multi-genotypes but statistically they were 

not significant (p>0.05). There were no statistically 

significant differences for HPV genotypes or multiple 

genotype co-infection with patient's age or Pap-smear 
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Fig. 1. Low-risk and high-risk HPV types frequencies are represented in a and b, respectivlly. 
 

 
Table 1. Multiple HPV types infection frequency based on pathology results and the statistical assessment 

 
 Inflammation ASCUS LSIL Total P-value 

HPV Positive 45 59 39 143 p>0.05 
Infected with one HPV type 26 33 22 81 p>0.05 
Infected with two different HPV types 11 12 11 34 p>0.05 
Infected with three different HPV types 6 9 2 17 p>0.05 
Infected with four different HPV types 1 2 3 6 p>0.05 
Infected with five different HPV types 1 3 1 5 p>0.05 

*Statistically significant difference 

 
results (p>0.05). Also, there was a significant associ- 

ation between HPV positive results and the patient's 

age (p<0.01). 

 
HPV and age groups analysis. Patients age was 

categorized in 5 including less than 20, 21 to 30, 31- 

40, 41 to 50, and 51 to 62 years. The age group analy- 

sis indicated that most of the HPV positive cases were 

21 to 40 (p<0.01). The age group and HPV high-risk 

or low-risk distribution were not statistically signif- 

icant (p>0.05). Also, there were no statistically dif- 

ference between different Pap-smear results and age 

groups but the frequencies were illustrated in Fig. 2. 

Furthermore, the age group did not show any statisti- 

cally significant differences with multiple genotypes 

co-infection (p>0.05). 
 

 
 

DISCUSSION 

 
Conducted studies indicated that the use of Pap- 

smear screening every 3 years in the age range from 

21-65 years could reduce the incidence of cervical 

 
 
 
 
 
 
 
 
Fig. 2. Different Pap-smear results distribution in different 

age groups of the patients 

 
cancer (26). The current study aimed to evaluate 

different HPV genotypes in patients with different 

cytological results. We have found that 143 (33%) of 

our studied patients were infected by HPV. HPV typ- 

ing showed there were HPV-6, -16 as the major high 

risk and low risk genotyped in our isolates, respec- 

tively. Also, multiple genotype analysis showed that 

81 (57%) cases infected with one HPV type and 62 

(43%) were co-infected with multiple genotypes as 

illustrated in Fig. 1. Interestingly, simultaneous in- 
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fection with 4 and 5 genotypes was found in 12 and 

9 cases, respectively. 

Liu et al. (27) investigated the HPV prevalence, 

HPV genotypes and cytological features of 61870 

patients in north China. Liu and colleges reported 

that, 27.9% of the patients were HPV positive. The 

HPV-16, 52 and 58 were the most frequent geno- 

types. Also, Liu et al. show a statistically signifi- 

cant reduction in the HPV infection frequency by 

age. In Liu’s study, multiple genotype co-infections 

were more frequent in younger patients. But also, the 

highest risk for HPV infection was seen in the 20- 

30 years age group. Single, double, triple and qua- 

druple infections in Liu’s study were 17.9%, 6.9%, 

2% and 0.5%, respectively. There was statistically 

different domination on high-risk genotype in most 

of the co-infected samples (p<0.01). In our current 

study, multiple genotypes were includes, 34 (24%) 

two HPV types, 17 (12%) cases had three HPV types, 

6 (4%), four HPV types and 5 (3%) cases had co-in- 

fection with five HPV types. The age distribution in 

our current study was only significant for the HPV 

infection (p<0.01). Also, the age group analysis in- 

dicated that, most of the HPV positive cases were 21 

to 40 (p<0.01). This finding of age distribution was 

also confirmed by Liao and colleagues (28). This dif- 

ference in age distribution between the present study 

result and Liu and colleagues could highlight a ma- 

jor limitation in our present study. This limitation is 

due to the limited number of the study population. 

Furthermore, a conducted study by Brant et al. (29) 

concluded the HPV infection with one high-risk type 

had a greater risk for cervical carcinoma generation 

in comparison with multiple type co-infection. These 

findings were not supported in our current study re- 

sult. These differences could be due to the study pop- 

ulation differences. 

Salehi-Vaziri and colleagues (25), reported the 

prevalence of the high-risk HPV types 40% in 112 

cervical cancer samples in 2015. Meanwhile, another 

study by Salehi-Vaziri et al. (24) represents the HPV 

prevalence 45% in 436 cervical cancer samples. Also, 

the most frequent high-risk and low-risk HPV types 

were 16 (32%) and 6 (22%), respectively. The HPV 

prevalence in other countries regardless of different 

sample sizes and study settings are represented con- 

vincible results (30, 31). For instance, a metanalysis 

study represents the HPV prevalence of 25% in cer- 

vical samples (30). 

The results of the current study seem to be in the 

confirmation for these two studies regardless of 

slight differences. The higher reported HPV preva- 

lence could be due to the different sample sizes be- 

tween studies. In a conducted study by Wheeler et al. 

(32) the HPV genotypes in the USA were assessed 

in 1213 patients. They reported the most common 

HPV genotypes are 16, 18 and 45 in these patients. 

Our current study showed that the HPV was present 

in 33% of the patients. The differences in the HPV 

prevalence in cervical samples from different geo- 

graphical locations were reported by different stud- 

ies (1, 33). Furthermore, in Denny et al. (34) study 

in Africa, the HPV prevalence was 86.7% in 659 

patients and the most common genotypes were 16, 

18, 45 and 33. Iljazović and colleagues (35) indicated 

that the HPV prevalence in malignant cervix tissues 

was 91% while more than 77% of these patients were 

infected with more than one genotype. These differ- 

ences could be justified by the consideration of the 

geographical locations, methodological differences 

and economic development of societies. Further- 

more, the reduction of cervical cancer by using HPV 

screening in current years was reported in different 

studies. This fact highlighted the importance of HPV 

and cytology testing in reducing cervical cancer inci- 

dence (33, 36). Conducted studies represent the pres- 

ence of HPV in 4% of the cervical specimens even in 

the vaccinated population. The HPV type 16 was the 

most common high-risk HPV type (37). 

Also, in study conducted by Shetty and colleagues 

(38) cytology assessment on 316 patients indicated 

that, 40% of 316 enrolled patients showed abnormal 

Pap-smear results and 7.6% was reported as pre-neo- 

plastic conditions. The current study result indicates 

that 181 (41.8%), 212 (49%) and 40 (9.2%) of the pa- 

tients show ASCUS, inflammation and LSIL, in the 

Pap-smear test respectively. The study results con- 

firmed by these studies and the differences seem to be 

due to the assessed population and the geographical 

regions. The ASCUS is the most frequent diagnostic 

report for the Pap-smears between normal condition 

and LSIL or even High-grade squamous intraepithe- 

lial lesion (HSIL) (39, 40). 

Furthermore, by the assessment of the HPV role 

in cervical, vulvar and vaginal cancer, Serrano et 

al. (41) suggested that the HPV vaccine against gen- 

otype 16 and 18 could be preventive 80% of these 

kinds of cancers. The major limitation of the current 

study could be referred to the limited number of the 

assessed patients. Also, further comprehensive stud- 
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ies in the HPV genotypes distribution and vaccina- 

tion are suggested. Also, Kim et al. (42) show 15 new 

nucleotide substitutions in L1 of the HPV-18. These 

HPV-18 variants were not associated with clinical 

features but this assessment could be important in 

vaccine efficacy. 

In conclusion, the current study indicates that the 

lesion pathology assessment was significantly associ- 

ated with the HPV infection (p<0.01). Furthermore, 

the age group assessment shows that, most of the 

HPV positive cases were 21 to 40 (p<0.01). The HPV 

infection prevalence in the current study was 33% 

and the most frequently reported high risk and low- 

risk HPV types were 16 and 6, respectively. Also, 

the Pap-smear test results indicated 181 (41.8%), 212 

(49%) and 40 (9.2%) of the ASCUS, mild or moderate 

inflammation and LSIL in the patients, respectively. 

It could lead to the importance of the screening pro- 

gram. Finally, the HPV prevalence in screened pa- 

tients with the Pap-smear test was 33% and 9.2% of 

these patients showed LSIL. 
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