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Abstract
Background: Persistent infection with high-risk human papillomavirus (HPV) has been recognized as a major cause of cervical cancer. 
Distribution of HPV genotypes may differ according to the geographic region and the severity of the cervical lesion. Determining HPV 
genotypes’ specific distribution is useful for HPV surveillance and control programs. However, little is known about the distribution of 
HPV genotypes in Iranian women.
Objectives: The aim of this study was to determine the distribution of HPV genotypes in Iranian women with different grades of cervical 
lesions.
Patients and Methods: From 2011 to 2013, a total of 436 Iranian women with convenience sampling strategy were included in this cross-
sectional study. In detail, 287 women negative for intraepithelial lesion or malignancy, 32 with atypical squamous cells of undetermined 
significance (ASCUS), 50 with low-grade squamous intraepithelial lesion (LSIL), 44 with high-grade squamous intraepithelial lesion (HSIL), 
and 23 with cervical cancer were evaluated in this investigation. HPV genotypes were determined by INNO-LiPA HPV Genotyping Extra 
assay.
Results: In total, HPV infection was detected in 45.4% of the cases. The most common high-risk HPV (HR-HPV) genotype was HPV-16 (32.8%), 
followed by HPV-53 (9.1%). Within low-risk (LR-HPV) genotypes HPV-6 (22.2%) and HPV-44 (6.1%) were the most prevalent. HPV-16 was the 
predominant genotype in cases with cervical cancer (56.5%), ASCUS (34.4%), and HSIL (34.1%). HPV-6 was the most common genotype in 
normal cases (9.1%) and LSIL patients (18%). The prevalence of HPV positivity was significantly higher in cases with high-grade lesions (≥ 
HSIL) (64.2%) than in normal/LSIL (37.3%) (P = 0.033). The rate of HR-HPV infection was significantly higher in ≥ HSIL cases (61.2%) than 
normal/LSIL (27.9%) (P = 0.003).
Conclusions: This study describes robust information on the distribution of HPV genotypes among Iranian women with and without 
cervical lesions. The present data may be of importance for designing future public health strategies, including HPV vaccination programs.
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1. Background
Cervical cancer is the second-most common malignancy 

among women worldwide accounting for over half a mil-
lion new cases and more than 350,000 deaths annually (1). 
Infection with human papilloma virus (HPV) is considered 
the major cause of cervical intraepithelial neoplasia and 
cervical cancer (2). More than 40 distinct HPV genotypes 
can infect the anogenital mucosa. They are categorized as 
‘‘high-risk’’ HPV (HR-HPV) and ‘‘low-risk’’ HPV (LR-HPV) gen-
otypes according to their oncogenic potential (3, 4), with 
HR-HPV genotypes detectable in nearly 90% of cervical can-
cer specimens (2, 5). HPV-16 and HPV-18 are the most com-
mon HR-HPV genotypes, accounting for nearly 50% and 20% 
of cervical cancers worldwide, respectively. Other prevalent 
HR-HPV genotypes (HPV-52, -31, -33, and -45) are responsible 
for approximately 30% of cervical cancer cases (4, 6).

Despite the fact that HPV-16 is the most frequent genotype 
worldwide, several lines of evidence have revealed that the 
distribution of HPV genotypes may differ according to sev-
eral factors, including the geographic region and the sever-
ity of the cervical lesion (4, 7, 8). Therefore, HPV genotyping 
should be included in HPV infection-monitoring programs. 
The World Health Organization has demanded the HPV gen-
otype distribution, along with determining of the incidence 
of cervical intraepithelial neoplasia and cervical cancer (9).

The determining of HPV genotypes’ specific distribution 
is important for screening and diagnostic plans. Moreover, 
with the advent of effective prophylactic vaccines against 
HPV-16 and HPV-18, understanding of the geographical 
prevalence of HPV genotypes seems to be necessary for 
monitoring the potential changes of HPV genotype preva-
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lence after the introduction of the vaccination. However, 
little is known about the distribution of HPV genotypes 
in Iranian women according to cervical lesion grade. This 
void motivated us to embark on the present study.

2. Objectives
Since the data about HPV genotype distribution is valu-

able for planning future public health strategies, the 
primary aim of the current study was to determine the 
prevalence of HPV genotypes both as single or multiple 
infections in Iranian women. The secondary aim was to 
evaluate the association of HPV genotypes with the sever-
ity of the cervical lesion.

3. Patients and Methods

3.1. Cervical Samples
The current cross-sectional study’s cervical specimens 

were obtained from women who visited two referral and 
governmental centers for cervical cancer screening in 
Tehran, Iran, between 2011 and 2013. Center 1 was the gyne-
cology oncology department of Imam hospital complex 
affiliated with Tehran University of Medical Sciences, and 
Center 2 was the cancer institute of Imam hospital com-
plex affiliated with Tehran University of Medical Sciences.

The convenience sampling strategy was used, which is a 
nonprobability sampling technique, and all of the admitted 
women were evaluated. A total of 491 women who were re-
ferred during this period were primarily included. Of these, 
436 were considered eligible for the study based on the 
following eligibility criteria: a) desire to participate in this 
investigation, b) age ≥ 18 years old, c) of Iranian nationality, 
and d) no prior hysterectomy. Out of 436 eligible samples, 
346 were cervical exfoliated cells from women attending 
Center 1, and 90 were cervical biopsies from women with 
history of cervical abnormality attending Center 2. Cervi-
cal exfoliated cells were collected by a cytobrush into the 
PreservCyt transport medium (Cytyc Corporation, Boxbor-
ough, MA) for cytology and HPV analysis. Cervical biopsies 
were collected in 0.1 M phosphate buffered saline solution.

Obtained cervical cells were diagnosed cytologically ac-
cording to the Bethesda system (10), and cervical biopsies 
were subjected to histological analysis. The mean and 
median ages of the participants were 35.15 ± 10.05 (range 
18 - 72) and 32, respectively.

The present study was done according to the Declara-
tion of Helsinki and relevant local regulations. The study-
related protocols were approved by the Ethical Committee 
of Tehran University of Medical Sciences (code and date of 
ethical approval: 92-01-30-21080, April 8, 2011), and written 
informed consent was obtained from each subject. The pri-
vacy of research participants was respected in this study.

3.2. DNA Extraction and HPV Genotyping
Genomic DNA was extracted using the QIAamp DNA Mini 

Kit (Qiagen, Hilden, Germany) following the manufacturer’s 
protocol. The quality of extracted DNA was assessed with a 
NanoDrop spectrophotometer (Thermo Scientific, Wilming-
ton, USA), followed by a beta-globin PCR analysis (11). For HPV 
detection, beta-globin-positive samples were subjected to a 
consensus primer, GP5+/GP6+ mediated PCR (11). Subsequent 
HPV genotyping was carried out using the reverse-hybridiza-
tion-based INNO-LiPA HPV Genotyping Extra assay (Innoge-
netics NV, Ghent, Belgium) according to the manufacturer’s 
instructions. INNO-LiPA Extra is a line-probe assay that allows 
simultaneous identification of 28 different HPV genotypes 
(12). This assay has higher analytical sensitivity in compari-
son with the genotyping methods based on GP5+/GP6+ over a 
broad range of HPVs, particularly in the presence of multiple 
HPV genotypes (13, 14). Moreover, INNO-LiPA has indicated 
highly similar genotyping results to the Linear Array (15, 16).

3.3. Statistical Analysis
Data analysis was performed using SPSS version 16 

software (SPSS Inc., Chicago, IL, USA). The associations 
between categorical variables were examined using a 
chi-square test or Fisher exact test, whichever was appli-
cable. Normal distribution of the variables was analyzed 
by Kolmogorov–Smirnov test. Comparison of median age 
among HPV risk category and cervical lesion category 
was performed using the Kruskal-Wallis test. A P value of 
≤ 0.05 was considered to be statistically significant.

4. Results
According to cytological and histological analysis, 436 cervi-

cal samples were classified as follows: 287 cases (65.8%) nega-
tive for intraepithelial lesion or malignancy, 32 cases (7.3%) 
with atypical squamous cells of undetermined significance 
(ASCUS), 50 cases (11.5%) with low-grade squamous intraepi-
thelial lesion (LSIL), 44 cases (10.1%) with high-grade squamous 
intraepithelial lesion (HSIL), and 23 cases (5.3%) with cervical 
cancer. The median age was 31.5 years for normal women, 30 
years for cases with ASCUS, 34 years for cases with LSIL, 37 years 
for cases with HSIL, and 52 years for cases with cervical cancer 
(Figure 1). The difference of median age among distinct cervi-
cal lesion grade was statistically significant (P < 0.001).

All samples were positive for the beta-globin gene and, 
therefore, considered appropriate for the HPV DNA detection 
by PCR. Overall, DNA testing was positive in 198 cases (45.4%). 
Among HPV positive samples, 157 cases (79.3%) were positive 
for HR-HPV genotypes. The most common HR-HPV genotype 
was HPV-16 (32.8%) followed by HPV-53 (9.1%). Low-risk HPV 
genotypes were detected in 66 (33.3%) of the women who test-
ed positive for HPV infection. The most common LR genotype 
was HPV-6 (22.2%) followed by HPV-44 (6.1%) (Table 1).

Out of 198 HPV-positive women, multiple-HPV-genotypes infec-
tion were detected in 67 (33.8%), of which 37 cases (55.2%) had co-
infection with 2 genotypes; 21 (31.3%) cases were multiple infect-
ed with 3 genotypes; 8 (11.2%) cases were multiple infected with 
4 genotypes; and only 1 case (1.5%) was multiple infected with 5 
genotypes. There was no significant correlation between mul-
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tiple-HP-genotypes infection and the severity of cervical lesion.
Genotype distribution according to cervical lesion grade 

is demonstrated in Table 1. The predominant genotype de-
tected in high-grade lesions was HPV-16 and accounted for 
15 cases with HSIL (34.1%) and 13 patients with cervical can-
cer (56.5%). Also, HPV-16 was the most frequent genotype 
within ASCUS patients, being present in 11 cases (34.4%). The 
most common genotype in normal cases and LSIL patients 
was HPV-6, which was detected in 26 normal cases (9.1%) and 
9 LSIL subjects (18%). Within the cervical cancer samples, 
only 6 HPV genotypes were detected: HPV-16, HPV-18, HPV-
39, HPV-45, HPV-58, and HPV-6. Unknown-risk HPV (UR-HPV) 
genotypes, including HPV-69/71 and HPV-74, were detected 
in 8 (4%) cases, mostly being found in normal samples.

 Figure 2 shows the association of age with HPV risk category 
including HPV negative, HPV positive, infection with LR-HPV, 
and infection with HR-HPV. There was no significant differ-
ence in median age of patients according to HPV risk category 
(P = 0.096). The distribution of HPV risk category according 
to cervical lesion grade categorized as normal/LSIL and ≥ 
HSIL is shown in Table 2. The prevalence of HPV positivity was 
significantly higher in ≥ HSIL cases (64.2%) than normal/LSIL 
(37.3%) (P = 0.033). Additionally, high-grade lesions (≥ HSIL) 
were significantly associated with HPV risk category, as the 
rate of HR-HPV infection was significantly higher in this cat-
egory (61.2%) than normal/LSIL group (27.9%) (P = 0.003).

Figure 1. Association Between Age and Cervical Lesion Grade
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Table 1. HPV Genotype Distribution According to Cervical Lesion Grade
Normal ASCUS LSIL HSIL Cervical Cancer Total

Single Mul-tiple Single Mul-tiple Single Mul-tiple Single Mul-tiple Single Mul-tiple
HR-HPV

16 6 (2.1) 12 (4.2) 5 (15.6) 6 (18.8) 4 (8) 4 (8) 13 (29.5) 2 (4.6) 12 (52.2) 1 (4.3) 65 (32.8)
18 2 (0.7) 3 (1.4) NA NA NA 1 (2) 1 (2.3) NA 3 (13) NA 10 (5)
26 a 1 (0.3) NA NA NA NA NA NA NA NA NA 1 (0.5)
31 1 (0.3) 10 (3.5) NA 3 (9.4) NA 2 (4) 1 (2.3) NA NA NA 17 (8.6)
33 2 (0.7) 1 (0.3) NA NA 1 (2) NA NA NA NA NA 4 (2)
35 NA 2 (0.7) 1 (3.1) 1 (3.1) NA NA NA NA NA NA 4 (2)
39 2 (0.7) 7 (2.4) NA 2 (6.2) 1 (2) 2 (4) 1 (2.3) 1 (2.3) 1 (4.3) NA 17 (8.6)
45 NA 3 (1.4) 1 (3.1) 2 (6.2) NA 1 (2) NA NA NA 1 (4.3) 8 (4)
51 2 (0.7) 7 (2.4) 1 (3.1) 2 (6.2) NA 2 (4) 1 (2.3) NA NA NA 15 (7.6)
52 2 (0.7) 8 (2.8) NA NA NA 2 (4) 1 (2.3) NA NA NA 13 (6.7)
53 a 3 (1.4) 4 (1.4) 1 (3.1) 2 (6.2) 1 (2) 4 (8) 2 (4.6) 1 (2.3) NA NA 18 (9.1)
56 2 (0.7) 1 (0.3) 2 (6.2) 4 (12.5) 1 (2) 4 (8) NA NA NA NA 14 (7.1)
58 2 (0.7) 1 (0.3) 1 (3.1) NA NA 1 (2) NA NA 1 (4.3) NA 6 (3)
59 1 (0.3) NA NA NA NA NA NA NA NA NA 1 (0.5)
66 a 5 (1.7) 5 (1.7) NA 3 (9.4) 1 (2) NA 1 (2.3) NA NA NA 15 (7.6)
68 2 (0.7) 3 (1.4) NA 2 (6.2) 2 (4) 1 (2) NA NA NA NA 10 (5)
73 1 (0.3) NA 1 (3.1) NA NA NA NA NA NA NA 2 (1)
82 2 (0.7) 3 (1.4) NA NA NA NA NA NA NA NA 5 (2.5)

LR-HPV
6 20 (7) 6 (2.1) 4 (12.5) 1 (3.1) 2 (4) 7 (14) 1 (2.3) NA 1 (4.3) 1 (4.3) 44 (22.2)
11 2 (0.7) 1 (0.3) NA 1 (3.1) NA 2 (4) NA NA NA NA 6 (3)
40 1 (0.3) 2 (0.7) NA NA NA 1 (2) NA NA NA NA 4 (2)
43 1 (0.3) NA NA NA NA NA NA NA NA NA 1 (0.5)
44 1 (0.3) 9 (3.1) 1 (3.1) 1 (3.1) NA NA NA NA NA NA 12 (6.1)
54 NA 3 (1.4) NA 1 (3.1) NA 1 (2) NA 1 (2.3) NA NA 6 (3)

UR-HPV
69/71 NA 5 (1.7) NA 1 (3.1) NA 1 (2) NA NA NA NA 7 (3.5)
74 NA 1 (0.3) NA NA NA NA NA NA NA NA 1 (0.5)

Total HPV+ 101 (35.2) 29 (90.6) 25 (50) 24 (54.5) 19 (82.6) 198 (45.4)
Total HPV− 186 (64.8) 3 (9.4) 25 (50) 20 (45.5) 4 (17.4) 238 (54.6)
Total 287 32 50 44 23 436
Abbreviations: ASCUS, atypical squamous cells of undetermined significance; HR-HPV, high-risk HPV; HSIL, high-grade squamous intraepithelial lesion; 
LR-HPV, low-risk HPV; LSIL, low-grade squamous intraepithelial lesion; NA, not available; UR-HPV, unknown-risk HPV.
aProbable high-risk (pHR) genotypes according to Munoz et al. (2).
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Table 2. Distribution of HPV Risk Category According to Cervical Lesion Gradea

Risk Category Cervical Lesion Grade P Value

Normal/LSIL (N = 337) ≥ HSIL (N = 67)

HPV - 211 (62.2) 24 (35.8) 0.033

HPV + 126 (37.3) 43 (64.2) NA

HR-HPV 94 (27.9) 41 (61.2) 0.003

LR-HPV 54 (16) 4 (6) NA

Abbreviations: ≥ HSIL, high-grade squamous intraepithelial lesion or cervical cancer; NA, not available; Normal/LSIL, normal or low-grade squamous 
intraepithelial lesion.
aData are presented as No. (%).

Figure 2. Association Between Age and HPV Risk Category
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5. Discussion
Cervical cancer remains a significant public health prob-

lem worldwide. Infection with HPV is the causative agent 
of cervical premalignant and malignant lesions. Several 
international meta-analyses have determined the preva-
lence of HPV genotypes in different grades of cervical 
lesions (17, 18); however little is known about the data of 
Iranian samples. The present study describes the distribu-
tion of HPV genotypes in cervical samples collected from 
Iranian women with different degrees of cervical lesion.

In this study, 45.4% of samples tested positive for HPV 
infection. A total of 27 different HPV genotypes were de-
tected, including 18 HR-HPV, 6 LR-HPV, and 3 UR-HPV geno-
types. In line with previous reports, HPV-16 was the most 
frequent genotype (8, 18, 19).

In women with normal cytology, the frequency of HPV 
infection was 35.2%, notably higher than that reported in 

Asia (14.4%) (20). Considering single and multiple infec-
tions, the most prevalent genotype in normal samples was 
HPV-6 (9.1%). HPV-16 was the second-most detected geno-
type (6.3%) within this group, higher than what has been 
estimated worldwide (2.6%) (7, 8) and in Asia (2.6%) (20). A 
population-based study carried out in Iran also reported 
HPV-16 as the most common genotype among women 
without an intraepithelial lesion or malignancy (1.8%) (21). 
Considering HPV-16 has a greater tendency to persist and 
induce malignant lesions than other HR-HPV genotypes, 
the high prevalence of HPV-16 observed in women with 
normal cytology could indicate a risk factor for cervical 
cancer development in the Iranian women (22-24).

The prevalence of HPV infection in women with LSIL was 
50%, a rate which was within the range observed in a meta-
analysis for Asia (33.3% in India to 74.6% in Korea and Japan) 
by Bao et al. (20). Despite the well-established role of HPV 
infection in the development of squamous intraepithelial 
lesions, this infection has not been observed in a fraction 
of women with cervical lesions. However, there is no evi-
dence to support the existence of HPV-negative cervical le-
sions as a specific biologic entity associated with the risk 
of cervical cancer. Such findings seem to be attributable 
to cytological misinterpretations or false-negative results 
of HPV testing (25). After HPV-6 (18%), HPV-16 was the most 
frequent genotype (16%) among women with LSIL, similar 
with the value observed in Africa (16.3%) (18) and slightly 
lower than that of Asia (20%) (20). In the present study, 
HPV-53 (10%) and HPV-56 (10%) occupied the third place. In 
Clifford’s worldwide meta-analysis, HPV-16 (26.3%) was the 
most common, and HPV-31 (11.5%) and HPV-51 (10.6%) were 
the second and third prevalent genotypes in patients with 
LSIL (18). Similarly, in Bao’s meta-analysis from Asia, the 
most commonly detected genotype among women with 
LSIL was HPV-16 (20%), but the second and third places were 
occupied by HPV-58 (7.9%) and HPV-52 (7.3%), respectively 
(20). These discrepancies may be due to the differences in 
HPV genotyping protocols employed and the geographi-
cal variations in the distribution of HPV genotypes.

The rate of HPV positivity was 54.5% in women with HSIL, 
which is lower than that reported worldwide (84.2 %) and 
in Asia (81%) (6, 20). In this study, HPV-16 was found in 34.1% 
of women with HSIL, which is consistent with the preva-
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lence of HPV-16 in HSIL patients from Asia (33.1%) (20). Less 
frequent were the infections with HPV-53 (6.8%) and HPV-
39 (4.5%), which is incompatible with the data of Bao et al. 
(20) where HPV-58 (11.8%) and HPV-52 (10.6%) were the sec-
ond- and third-most frequent genotypes. There was also 
such discrepancy in previous studies, suggesting that 
more investigation is required at the regional level and 
that differences in the frequency of HPV genotypes can be 
seen, particularly in cancer precursor lesions (19, 20, 26).

A total of 82.6% of women with cervical cancer were 
positive for HPV infection, a rate similar to previous re-
ports worldwide (86.6%) and in Asia (85.9%). In the cur-
rent study, 69.5% of women with cervical cancer were 
infected with HPV-16 (56.5%) and HPV-18 (13%), which is in 
agreement with a previous report from Asia in which the 
prevalence of HPV-16 and HPV-18 in cervical cancer sam-
ples was 52.4% and 14.5%, respectively (20). Similarly, the 
global prevalence of these two oncogenic genotypes was 
54.3% and 12.6%, respectively (6). Moreover, in the study 
by Khodakarami et al. (21), the majority of Iranian wom-
en with cervical cancer harbor HPV-16 (60%) and HPV-18 
(22.2%), and the remaining minority tested positive for 
HPV-31, HPV-45, and HPV-58. In this study, HPV-39, HPV-45, 
and HPV-58 also were detected among patients with cer-
vical cancer, which is comparable to Khodakarami et al. 
(21), suggesting that these genotypes are the most com-
mon in Iranian women with cervical cancer. Considering 
the majority of cervical cancers are infected with HPV-16 
and HPV-18, which are vaccine-targeted HPV genotypes, 
current prophylactic vaccines would be able to prevent 
approximately 70% of cervical cancer in Iranian women.

Regarding the incidence rate of multiple HPV genotypes 
infection, 33.8% of HPV-positive cases were infected with 
two or more genotypes. Several previous studies have in-
dicated a different prevalence of multiple HPV genotypes 
infection, varying from less than 10% to more than 80%. 
These variations may be due to differences in geographic 
and ethnic characteristics, sexual behavior, and the HPV 
genotyping methods (27-29). The results of the present 
study failed to find an association between multiple HPV 
genotypes infection and an increased risk for squamous 
intraepithelial lesions and cervical cancer. So far, there 
is no general agreement on the potential implication of 
multiple HPV genotypes infection in the development 
of high-grade squamous intraepithelial lesions. Some 
reports show a correlation between an elevated risk of 
cervical carcinogenesis and multiple HPV genotypes in-
fection (30, 31), while the findings of several studies sup-
port the lack of this association (32-35).

As expected, HPV infection prevalence was significantly 
higher in the high-grade lesions (≥ HSIL) than in normal 
cases and women with LSIL. In a similar manner, the frequen-
cy of infection with HR-HPV genotypes was notably higher in 
the ≥ HSIL category compared to the normal/LSIL group.

In contrast with the similar studies in Iran that had weak-
nesses including narrow sample size (36), evaluation of only 
cervical cancer specimens (37), and detection of few HPV gen-

otypes (38), the current investigation included a larger num-
ber of cervical samples with different grades of cervical lesion 
and evaluated 28 different HPV genotypes, providing valuable 
data on the epidemiology of HPV infection in Iran. However, 
this study had some limitations, including its cross-sectional 
design and lack of representation of the general population.

In conclusion, the present study describes robust informa-
tion on the distribution of HPV genotypes among Iranian 
women with and without cervical lesions. The five most 
prevalent genotypes were HPV-16, HPV-6, HPV-53, HPV-31, and 
HPV-39. The high prevalence of HPV-16 was seen in normal 
cases and may be a risk factor for cervical cancer develop-
ment in the Iranian women. Finally, the relatively high fre-
quency of HPV infection, especially HPV-16, among Iranian 
women reported here suggests the requirement for HPV sur-
veillance and control programs in Iran, including vaccina-
tion and screening of HPV infection with sensitive methods.
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