
Introduction
Cervical cancer (CC) is the second most common cancer 
in women. Studies have shown that more than 90% of 
women who died from this cancer lived in low- and 
middle-income countries in 2015. The mortality rate due 
to CC in these countries was eighteen times higher than 
the rate reported in developed countries (1,2). Human 
papillomavirus (HPV) has been identified as the main 
cause of CC, so that viral DNA has been detected in 
approximately 90% of cervical cancerous lesions. HPV 
belongs to the Papillomaviridae family (3,4), which has 
a non-enveloped icosahedral capsid with a circular, 
double-stranded DNA genome (5). Over 100 types of 
HPV have been introduced, of which at least 14 are 

known as high-risk types. Approximately half of these 
viruses are transmitted through sexual contact and can 
affect the genitals, mouth, or throat, leading to warts or 
cancer (6,7). HPV includes high-risk and low-risk groups. 
Approximately 70% of CC lesions are due to HPV-16 and 
HPV-18 (high-risk types), while HPV-6 and HPV-11 are 
the most common agents causing genital warts and are 
known as low-risk types (8). HPV infection causes cellular 
proliferation in the epithelium. Infected cells display a wide 
range of changes, including benign hyperplasia, dysplasia, 
and invasive carcinoma (9,10). Cervical dysplasia, or 
cervical intraepithelial neoplasia, is the abnormal growth 
of cervical surface cells, which can potentially become 
CC. The cause of intraepithelial neoplasia is the chronic 
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Abstract
Background: Human papillomavirus (HPV) is one of the most common sexually transmitted 
infections among women. This virus, which has a global distribution, is one of the most serious 
factors related to cervical cancer (CC). Despite the importance of the virus, there is not enough 
information about its prevalence in Iran. The aim of this study was to investigate the frequency of 
HPV and its common types in healthy women referred to HPV screening centers by polymerase 
chain reaction (PCR) and compare it with cytology results.
Methods: In our cross-sectional study, 271 vaginal and cervical swab samples collected from 
December 2016 to November 2017 and examined in terms of cytology were received from 
the laboratory. The samples were related to married women aged 16–72 years. The cytological 
examination was performed on each specimen. Then, the presence of HPV was investigated 
using PCR. Positive samples were typed by specific primers of genotypes 6, 11, 16, and 18.
Results: Out of 271 samples, 50 (18.45%) were positive for HPV by PCR. These positive samples 
demonstrated normal or inflammatory cytology. Among all samples, 1 (0.3%) and 4 (1.47%) 
cases were positive for HPV-18 and HPV-6, respectively; however, types 11 and 16 were not 
detected.
Conclusion: Although all samples were negative on the Pap smear, DNA HPV was found in 
at least 18.45% of the samples. Considering the identification of at least one case of high-risk 
genotype 18, it is recommended that PCR be used alongside Pap-smear screening, as it enables 
earlier detection of HPV infections compared to cytology alone, potentially enhancing CC 
prevention strategies. 
Keywords: Human papillomavirus, Pap smear, Cervical cancer, HPV-18, HPV-6, PCR

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-8704-3676
https://orcid.org/0000-0003-4140-4303
https://crossmark.crossref.org/dialog/?doi=10.34172/ajcmi.3614&domain=pdf
https://doi.org/10.34172/ajcmi.3614
http://ajcmi.umsha.ac.ir
https://doi.org/10.34172/ajcmi.3614
mailto:Roayaei_m@yahoo.com


Avicenna J Clin Microbiol Infect. 2025;12(2)82

Kashisaz et al

infection of the cervix with HPV, especially infection 
with high-risk types of 16 or 18 (9). Despite advances 
in diagnostic and screening methods, as well as vaccine 
development to prevent and introduce new treatments, 
this cancer remains an international problem. There is 
insufficient information related to the prevalence of HPV, 
the main cause of CC, in Iran; therefore, the present study 
was conducted to identify the frequency of this virus and 
its common types in married, healthy women in this 
region, along with comparing the results of PCR and Pap 
smear tests. 

Materials and Methods
Sample Collection
In this cross-sectional study, the sample size was estimated 
by a single population proportion formula. Confidence 
interval, prevalence, and margin of error were considered 
95%, 13% (11), and 5%, respectively. The minimum 
required sample size was 174; nonetheless, 273 samples 
were investigated to increase the accuracy of the study. To 
minimize bias, the sampling was performed randomly. 
The vaginal and cervical swab samples examined in terms 
of cytology were received from the laboratory. The study 
stages are shown in Figure 1.

The cytological examination was performed on each 
individual specimen. The samples were collected from 
healthy married women aged 16–72 years old from 
December 2016 to November 2017. The exclusion criteria 
included samples related to persons with genital warts, 
suspected CC, and ulcers in the cervix. The samples 
were collected with a cytobrush from an endocervix 
by a gynecologist and were placed in cold phosphate-
buffered saline. The results of the cytological examination 
and demographic characteristics, including age, marital 
status, number of children, and history of abortion, were 
received from the laboratory.

Deoxyribonucleic Acid Extraction and Polymerase 
Chain Reaction
A PCR assay was used to identify the genes L1, E6, and 
E7 of HPV in vaginal and cervical swab samples. To 
extract DNA, all samples were vortexed for 20 seconds 
and centrifuged at 3000 rpm for 10 minutes, and then 
the supernatant was discarded. The cell pellet was used 
for subsequent DNA extraction by a kit (CinnaGen, Iran) 

according to the instructions of the manufacturer. To 
check the quality of extracted DNA, human β-globin, 
a housekeeping gene, was amplified using the PCO3 
and PCO4 primers (Table 1). The L1 region of the HPV 
genome was applied to identify HPV-positive samples 
according to the method of Siddiqa et al (12). HeLa cells 
infected with HPV-18 were considered as the positive 
control. The PCR products were electrophoresed on 2.5% 
agarose gel.

Typing of Human Papillomavirus Isolates
The type-specific primers of 6, 11, 16, and 18 were used to 
determine the genotype of strains. HPV-positive samples 
were reassigned to PCR by the methods of Ghaffari et al 
and Gul et al (11, 13). The sequence of primers is provided 
in Table 1. The PCR products were sent to Bioneer 
Company (South Korea) for sequencing.

Statistical Analysis
The data were analyzed using IBM SPSS statistics software 
(version 22) using chi-square or Fisher’s exact test. A 
P value of < 0.05 with a 95% confidence interval was 
considered statistically significant. 

Table 1. Primers Used for the Detection of β-Globin and the HPV Genome in This Study

Primer Name Sequence (5′-3′) Gene Size (bp) Reference

PCO3 
PCO4

ACACAACTGTGTTCACTAGC
CAACTTCATCCACGTTCACC

β-globin 110 (12)

Gp5
 + 

Gp6
 + 

TTTGTTACTGTGGTAGATACTACGAA
AAATAAACTGTAAATCATATTC

L1 150 (12)

TS16
GGTCGGTGGACCGGTCGATG
GCAATGTAGGTGTATCTCCA

E6 HPV16 96 (13)

TS18
CCTTGGACGTAAATTTTTGG
CACGCACACGCTTGGCAGGT

L1 HPV18 115 (13)

HF
HR

TACACTGCTGGACAACATGC
GTGCGCAGATGGGACACAC

E6,E7 HPV6,11 302 (11)

Note. HPV: Human papillomavirus.

Figure 1. Flow diagram of study steps
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Results
Frequency of Human Papillomavirus in Demographic 
Groups
A total of 271 vaginal and cervical swab samples were 
gathered and tested for the presence of HPV infection. 
The mean age of the subjects was 33 ± 10.08 years. Out 
of 271 samples, 50 (18.45%) cases were positive for DNA 
HPV, while they were negative by Pap-smear test and 
showed normal cytology or inflammation. The mean age 
of positive HPV cases was 33 ± 10 years. HPV was detected 
in 17.74% and 18.66% of women with and without 
abortion, respectively (P > 0.05). The frequency of HPV in 
women without children or with one child was 48%, and 
47.5% of women with more than one child were infected 
with the virus. In our study, the frequency of HPV was 
not related to age, abortion, and the number of children 
(P > 0.05, Table 2).

Frequency of Human Papillomavirus Types
The presence of high-risk (16 and 18) and low-risk (6 
and 11) HPV types was investigated in the present study. 
These types were selected because they are dominant 
in Iran. Among 271 collected samples, 1 (0.3%) and 4 
(1.47%) cases were positive for HPV-18 and HPV-6, 
respectively; however, types 11 and 16 were not detected 
in the intended samples.

Discussion
Vaccination against HPV and Pap smear screening tests 
is optional in Iran. Out-of-marriage sexual relationships 
are not legal in Iran. These factors can affect the 
prevalence of HPV and the difference in prevalence in 
other communities. Unfortunately, accurate statistics on 
the prevalence of HPV types are unavailable in Iran. In 
the present study, 271 samples were studied using the 
cytological method and PCR. Out of 271 specimens, 50 
(18.45%) were positive by PCR, while they demonstrated 
normal cytology or inflammation. According to previous 
studies, the number of abnormal Pap smears is increasing 
in Iran (14). HPV is the cause of approximately 70%–84% 
of CCs (14). Different studies (14-17) have reported 
various prevalence rates of HPV in Iran (6%–7%, 49.5%, 

2.47%, and 24%). The prevalence of HPV also varies 
from country to country, with 24%, 22.49%, 16.1%, 
14.2%, 11%, and 4.74 % in South Africa (18), China 
(19), Latin America (18), Eastern Europe (18), Brazil 
(20), and Pakistan (21), respectively. Differences in HPV 
prevalence rate may be due to diagnostic methods, living 
conditions, cultural habits, differences in the average age 
of marriage, and vaccination against HPV. The increase 
in the prevalence of HPV in Iran may be caused by 
changes in sexual behavior, increased out-of-marriage 
sexual relationships, and increased use of tobacco among 
women (15). As reported in other studies, there was 
no statistically significant relationship between HPV 
infection and age; however, 50% of the HPV infections 
were found in subjects aged from 26–35 years. This is the 
age when women in Iran usually get married and have 
sexual relationships. In the universal models, women 
aged < 29 years and > 50 years are at higher risk of getting 
a positive HPV test. This creates a U-shaped pattern that 
can be observed in the present study (22,23). The HPV 
type’s prevalence also varies from country to country. 
HPV-18 had a 1.67% prevalence in France (23), 6.25% 
in Pakistan (21), and 5.7% in India (24). HPV-6 was 
reported, with prevalence rates of 16%, 1.30%, and 25% 
in Brazil (20), Southwest China (25), and Pakistan (21), 
respectively. In positive HPV isolates, one (0.3%) was 
HPV-18, which is classified as a high-risk type, and four 
(1.47%) were identified as low-risk HPV-6. None of the 
positive samples belonged to types 11 and 16. Because our 
results were limited to HPV types 16, 18, 6, and 11, the 
45 remaining HPV isolates became unknown and require 
further investigation. This is one of the limitations of the 
study. Another limitation is that the study population 
could not represent the whole community. In the present 
study, only people who volunteered for health centers 
were sampled, which may not demonstrate the broader 
population. People who had no access to health centers 
for various reasons were not included in this study. In 
addition, the data were collected between 2016 and 2017. 
It may not fully represent the current prevalence of HPV, 
given possible shifts in risk factors over time. The use of 
conventional PCR with specific primers, rather than more 

Table 2. Frequency of HPV Infection Based on Age, Number of Children, and Abortion 

Age Groups (N)
HPV Positive 

N (%)
HPV Negative 

N (%)
P value (OR)* 

16-25 (48) 10 (20.83) 38 (79.17)

0.992 (0.96-1.02)

26-35 (135) 25 (18.5) 110 (81.5)

36-45 (50) 8 (16) 42 (84)

46-55 (27) 6 (22.2) 21 (77.8)

56-72 (11) 1 (9.1) 10 (90.9)

Abortion (62) 11 (17.74) 51 (82.26)
0.833 (0.39-1.78)

No abortion (209) 39 (18.66) 170 (81.34)

No or one child (50) 24 (48) 26 (52)
1.108 (0.76-1.60)

More than two children (221) 105 (47.5) 116 (52.5)

Note. HPV: Human papillomavirus; OR: Odds ratio.
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sensitive methods (e.g., real-time PCR or IVD-certified 
kits), may have reduced the detection rate, potentially 
leading to an underestimation of HPV-positive cases. 
All these factors, along with information and selection 
biases, can affect the results. Nevertheless, these findings 
provide a valuable historical reference point for future 
studies aiming to examine trends in HPV prevalence in 
this region.

The screening of CC in Ahvaz is currently based on 
the Pap smear test. However, many asymptomatic HPV 
infections are ignored due to the false-negative results 
and the lack of a clear screening program. Therefore, PCR 
accomplished with a Pap smear can be a useful method 
for HPV screening.

Conclusion 
The primary goal of CC screening is to identify 
precancerous lesions caused by HPV to remove and 
prevent invasive cancers from developing. Based on the 
findings of the present study, most people with HPV have 
no symptoms or health problems. Accordingly, regular 
checkups are highly important. The Pap smear test did 
not show abnormal cells on the cervix, while the PCR 
test revealed the presence of high-risk types of HPV in 
cervix samples, which can lead to cancer. Therefore, a 
combination of HPV vaccination and cervical screening 
tests by Pap smear and PCR can provide the greatest 
protection against CC.
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