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Abstract
Background: Genotyping of Human PapillomaVirus (HPV) has become a necessary criterion
to establish a clear connection between the efficiency of HPV vaccine clinical trials and HPV
prevalence worldwide. HPV infections contribute to 40%-60% of all known cancers and its
screening and vaccination is an important aspect for a healthy life in females. Studies in North
India Population have not been conducted yet in this regard. Materials & Methods: In this
study, overall HPV prevalence and type specific prevalence were assessed in cervical smear of
2700 samples, using real time polymerase chain reaction for screening and linear array assay for
genotyping. HPV status was studied in relation to age and other lifestyle factors. Results: Twenty
per cent of samples were HPV positive. HPV type diversity was broad, and multiple strains of
HPV infections occurred in half of the HPV positive samples. Younger women were significantly
more likely to harbor multiple high risk HPV (HR-HPV) infections. Infections with high risk
HPV types were found to be 41% of positive tested samples followed by 35% of moderate risk
HPV types. The 41% infections were contributed by HPV type 16 and 18 alone. Conclusion:
HR-HPV infections were most prevalent in North Indian women population due to multiple
factors related to the marital and sexual life style of the subjects. Extensive cross-cultural study
needs to be conducted to reach some scientific conclusion that will help the medical community
in developing targeted therapeutics against HPV and thus will help in mitigating the burden of
cervical cancer in the society.
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Introduction
Cervical cancer research has witnessed different approaches to
tackle the issue in past few years. Pap smear test have helped
a lot in the acceptance and early detection of cervical cancer,
initiating a transition towards huge care in the management
and prevention of this disease. Pap smear implementation
since 1950 has significantly reduced the incidences of cervical
cancer in several communities across the world with easily
accessible high-quality screening programs. The occurrence and
incidence of this cancer has remained high in the developing
world in spite of huge screening and vaccination, due to lack
the resources for widespread screening programs as compared
to the developed nations. Human Papilloma Viruses (HPV)
were etiologically linked to cervical cancer in the 1970s and
the most important achievement in the field of cervical cancer
was the understanding of its etiology and pathogenesis. This
information further helped in development of HPV vaccine as a
means of primary prevention and HPV assays for screening and
secondary prevention. The availability of these interventional
facilities may offer the possibility of bringing an economical
strategy for cervical cancer prevention in the developing world.
Since cervical cancer remains the second most common cause
of death from cancer among women worldwide, accounting for
more than 288,000 deaths each year there is an urgent need for
such interventions. [1]
HPV infections are mostly sexually acquired that paves way for
the virus to enter the skin and mucous membranes of the mouth,
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anus, penis and female reproductive tract. HPV infection ranges
from 40%-60%, between sexual partners and may be affected
by the length of marital age, number and length of sexual
relationship, frequency of intercourse, use of contraceptives,
and polyamory [1,2] as HPV infection is a sexually transmitted
disease and can be easily passed on from an infected to another.
[3]
Probability for a new genital HPV infection in men within
a year is 0.29-0.39, which is similar to previous estimates for
women as proposed by some studies. [4,5] Transmission rate
from a heterosexual partner to the other is estimated to be 3.7
cases per 100 person-months within a year. [6] HPVs are small,
non-enveloped DNA viruses with over 150 types where HPV
genotypes 16 and 18 are responsible for approximately 70%
of cervical cancers and are considered to be high risk strains,
while the remaining 30% cervical cancers are caused by other
carcinogenic HPV types. [7-9] HPV16 is the most carcinogenic
and is known to cause most of the complications associated with
Cervical Intraepithelial Neoplasia (CIN). [10,11] While low-risk
genotypes 6 and 11 are usually associated with genital warts.
HPV infection accounts for approximately 8% of human cancer
burden worldwide leading to approximately 500,000 invasive
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cervical cancer cases in women worldwide and 50% deaths
associated with these cases due to lack of proper diagnosis
and early prognosis. [12,13] Among HIV-infected homosexuals
the incidence rates are even higher [14] since the introduction of
Highly Active Anti-Retroviral Therapy (HAART). [15] Rate of
anal cancer in HIV-infected homosexuals is higher than cervical
cancer reported across the world. [16]
In a study conducted by National Health and Nutrition
Examination Survey (NHANES), US in 2011, 4,000 women
were investigated for types of HPV infections and cervicalvaginal specimens from more than where 37 different types
of HPV were found to be positive with 42.5%, representing
40 million infections. [7] Despite their high prevalence, most
cervical HPV infections are transient and asymptomatic and
young women are more likely to clear infections readily than
older women. [11] Negative oncogenic HPV test states a low
risk condition of cervical intraepithelial neoplasia as compared
to a positive oncogenic HPV test. Study confirms that rates of
progression to cervical intraepithelial neoplasia ranges from 8%
to 28% among women who do not clear their infection. [17] The
transition to cancer usually takes years or decades; maximum
incidences of HPV infection occurring around 20 years of age,
and maximum cervical intraepithelial neoplasia incidences
occuring at about 30 years ultimately leading to full grown
cancer 40 years of age. [18] Cervical intraepithelial neoplasia/
cervical cancer in women with oncogenic HPV infection has
been significantly associated with frequent smoking habits. [17,18]
In the present study the authors aimed at screening the North
Indian Women population for HPV testing to identify the
individuals at higher risk of developing cervical cancer and
related medical issues that arise in the HPV positive patients if
left unattended.

Materials and Methods
In the present study, cervical scraping collected from 2700
women age 30 years-65 years, from north India were screened
for 34 strains of HP virus by liquid-based cytology method
between 1st April 2016 to 31st March 2019 at Krishna medical
center, Lucknow and January 2018 till October, 2019 at Dr.
Ram Manohar Lohia Institute of Medical Sciences, Lucknow,
India. The demographic details of the subjects were collected as
a routine work on their visit to the OPD. After the routine checkup in the OPD, pap smears of these subjects were collected
and screened for HPV testing using PCR technique at both the
Medical centers.
Specimen collection, preparation and testing of HPV
DNA by liquid-based cytology method
Cervical scraping from the endocervical canal and ectocervix
were collected with the help of brush from the patients in
dorsolithotomy position and labelled for HPV testing by LiquidBased Cytology (LBC). The smears were prepared from the
cervical scrapings on glass slide and immediately fixed in 95%
ethyl alcohol or the fixatives available commercially for 30
minutes which were later tested for detection of 34 strains of
HPV DNA at KMC and DRMLIMS, Lucknow, India.
Statistical analysis

Percentage analysis technique was used for analysis of the data.

Results
Table 1 represents, the demographic details of the subjects
enrolled in the current study. All the subjects of the study were
north Indian married females aged 30 and more. As shown in the
table, out of 2700 participants, 21.11% i.e. 570 subjects tested
positive for various strains of HPV. Out of these 570 subjects
who were screened positive for the HPV testing, 64.56% were
the females married at an early age and 69.30% females had
pregnancy before 30 years of age. 55.79% females had number of
pregnancies more than 3 and 70.16% never used contraception.
If we look at these factors it becomes very obvious that early
marriage and pregnancy leads to more number of the latter along
with the habit of avoiding contraceptives. All these factors are
the major contributors of HPV infection and cervical cancer in
the near future if left unattended.
Table 2 represents the different strains of HP virus and the
number of individuals tested positive for these strains. Out of
the 2700 women subjects tested for 34 strains of HPV, 21.11%
(570) subjects were found positive for different strains. Number
of subjects for to be positive for strain 16 and 18 were 32%, and
11% respectively followed by strain 66, 6, 62, 81, 11, 31 and 70
where the number of HPV patients were 7.72%, 6.32%, 5.44%,
5.43%, 3.51%, 3.68% and 2.98% respectively. The individuals
tested positive for these group of strains sum up to 35.08% of the
total positive tested population. This shows that HPV strain 16
and 18 alone contributes to almost 41% of the cervical cancers
and related complications in north Indian women population.
Whereas, strains 6, 66, 62, 81, 11, 31 and 70 contributes to 35%
of HPV positive cases that is still lower than the contribution
made by strains 16 and 18 [Figure 1]. The strains contributing
to 35% of positive tested cases can be considered as moderate
risk groups or low risk group depending on other criteria of their
prevalence while the other strains as shown in table 2 can be
considered low risk types as the contribution by each of them
doesn’t even cross 4% of the total positive cases [Table 2].
Number of patients tested positive for different strains of HPV.
Total number of subjects enrolled in the study (N=2700).

Discussion
Cervical cancer and high-risk HPV infections have been found
to be associated with the age of marriage below 18 years by
22-fold in India. [2] The risk of HPV infection has been found to
be higher in women aged 25years-34 years (odds ratio, 1.11),
in married women below 20 years of age (odds ratio, 1.80), and
in women with parity ≥ 4 (odds ratio, 1.04) as shown in a study
carried out by Dutta et al. This study coincides with our finding
that an early age of marriage followed by maximum number
of children increases the possibility of high-grade squamous
intraepithelial lesion in the subjects, thus increasing the chances
of cervical cancer. [19] Risk of HSIL/SCC cases increases with
number of live births in HPV positive cases as per the study
of Hildesheim et al. [20] In this study high HPV prevalence in
women had been linked to age, duration of sexual activity and
parity of women. Frequency of HPV infections has been found
to be more in pregnant women than in non-pregnant women.
[2]
In India early marriages, and higher number of pregnancies,
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Table 1: Demographic details of subjects participated in the study.
Sr. No.
Parameters
Participants of each criteria
1
Number of subjects
2700 females
2
Age
30-65 years
3
HPV testing +ve
570
4
Marital age
>25
202
<25
368
5
Pregnancy age
>30
175
<30
395
6
No. of children
>3
318
<3
252
7
Contraception use
No
400
Yes
170
Table 2: Number of patients tested positive for different strains of HPV.
Number of patients tested positive for HPV Testing
Sr. No.
HPV strain type
(total n=570)
1
6
36
2
10
1
3
11
20
4
16
181
5
18
63
6
31
21
7
32
1
8
33
18
9
35
3
10
39
2
11
40
2
12
42
12
13
44
2
14
45
6
15
52
9
16
53
5
17
54
10
18
56
17
19
58
8
20
59
1
21
62
31
22
66
44
23
67
3
24
68
1
25
70
17
26
73
1
27
81
30
28
82
4
29
83
2
30
84
12
31
87
2
32
89
3
33
90
11
34
91
1
Total% of positive cases: 21.11%

pose high risks of cervical cancer due to immature cervix. HPVs
have been grouped into high-risk and low-risk HPV types on
the basis of their association with cervical cancer and precursor
lesions. Low-risk HPV types include types 6, 11, 42, 43, and 44.
1563

Total HPV +ve (%)

21.11% of total screened cases
35.44%
64.56%
30.70%
69.30%
55.79%
44.21%
70.16%
29.83%

% of the total population tested positive (n=570) for
HPV testing
6.32%
0.18%
3.51%
31.76%
11.05%
3.68%
0.18%
3.16%
0.53%
0.35%
0.35%
2.11%
0.35%
1.05%
1.58%
0.88%
1.75%
2.98%
1.40%
0.18%
5.44%
7.72%
0.53%
0.18%
2.98%
0.18%
5.43%
0.70%
0.35%
2.11%
0.35%
0.53%
1.93%
0.18%

High-risk HPV types include types 16, 18, 31, 33, 34, 35, 39,
45, 51, 52, 56, 58, 59, 66, 68 and 70. Infection with high risk (HR) HPV-16 and HPV-18 contributes to about 70% of cervical
cancer cases worldwide. In India, occurrence of HPV type 16
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HPV and thus will help in mitigating the burden of cervical
cancer in the society.
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