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Introduction
HPV is a group of sexually transmitted viruses consisting of more than 200 types in their viral 

family. Nearly all sexually active individuals are infected with HPV instantly after becoming sexually 
involved and engaged. Approximately half of these infections are with a high-risk HPV type. The types 
of HPV that are sexually transmitted fall into two broad groups: low-risk and high-risk. Mostly, low-
risk HPVs do not cause any illness. However, a few low-risk types of HPV cause warts on or around the 
penis, anus, mouth, or throat. High-risk HPVs may cause several forms of cancer (Cobos et al., 2014). 
Around 14 high-risk forms of HPV occur. Two of these, HPV16 and HPV18, are primarily responsible 
for the bulk of cancers. And almost all cervical cancers are reported to be linked with high-risk HPV 
types (American Cancer Society, 2020). Recent research indicates that HPV infection can affect fertility 
(Souho et al., 2015). Sperm with HPV infection can transmit viral DNA to oocytes, manifested in 
the developing blastocyst. HPV can increase trophoblastic apoptosis and decrease trophoblastic cells’ 
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Despite India has a high incidence of cervical cancer, there aren’t enough large-scale 
population-based investigations on the prevalence and genotype distribution of the Human 
Papilloma Virus (HPV). Out of the several high-risk types, HPV-16 and HPV-18 are 
primarily responsible for the bulk of cancers linked to the virus. The present study investigates 
the genotype distribution of HPV-16 and HPV-18 with respect to cervical cytology among the 
women of the Barak Valley, Assam, Northeast India. A total of 80 women were enrolled in 
the study. After the enrolment of the participants, cervicovaginal smears were collected and 
processed for (a) HPV genotyping and (b) cytological analysis. HPV DNA detection was done 
with consensus primers MY09/11, followed by the detection of HPV-16 and HPV-18 with type-
specific primers. Liquid Based Cytology (LBC) test was performed, and cytological grading 
was done. Overall HPV prevalence was 17.5% (14/80) using MY09/11 HPV consensus 
primers. HPV-16 is found to be the most prevalent single infection (8.75%, 7/80), followed by 
HPV-18 (6.25%, 5/80). Where co-infection with HPV types 16+18 is found to be 2.5% (2/80). 
In cytological analysis, a total of 10% (8/80) show abnormal lesions in various cytological 
categories. The distribution of abnormal cytological lesions is CIN1 (6.25%, 5/80), CIN2 
(2.5%, 2/80), and CIN3 (1.25%, 1/80). When HPV infection was checked across different 
cytological categories, 87.5% (6/8) of abnormal cytological lesions were HPV positive. The 
present study found that overall HPV infection is high among the women of the Barak Valley 
Northeast India. Awareness about the virus, information on available screening methods, 
and vaccination may play a decisive role in reducing the infection rate. 
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endometrial implantation, thus developing the risk of miscarriage (Pereira et al., 2015). 

Cervical cancer is a substantial public health problem in India, predominantly affecting women of 
lower socio-economic status (Sreedevi et al., 2015). This accounted for an estimated 96922 new cases and 
60078 deaths in India in 2018, close to one-fifth of the worldwide burden of this cancer (Ahmed et al., 
2022). It is the second most common type of cancer among women aged 15–44 years in India (National 
health portal, 2016). More than three-quarters of cases are identified at a locally advanced clinical stage 
with low survival prospects. The two HPV types, 16 and 18, account for 80–85% of cervical cancers in 
the country. Effective and safe vaccines are currently available to prevent HPV 16 and HPV 18 infection 
in HPV-naive women (Sankaranarayanan et al., 2019). 

The Northeastern region of India has become the largest contributor to cancer illness and its mortality 
rates in the country (National Cancer Registry Programme, 2020). The cervical and stomach cancer 
symptoms populations in Mizoram alone are equal to the total numbers of cancer-affected populations 
in Japan. At present, Aizawl in the State of Mizoram and Papumpare District of Arunachal Pradesh has 
the highest age-adjusted cancer incidences in the country (National Cancer Registry Programme, 2020).

As per recent WHO recommendations (2013), molecular testing of HPV infection in association 
with cytology-based cervical screening is followed by treatment of the precancerous lesions; this is the 
most promising for managing cervical cancer pathogenesis. However, in developing countries like India, 
cytology-based and molecular HPV screening has high cost and procedural complexity with inherent 
resource limitations (Mishra et al., 2016). Considering the increased risk of cancers in North-eastern 
India, an inventory of HPV types and estimating their prevalence in the population is essential. For this, 
the present study aims to investigate the genotype distribution of HPV-16 and HPV-18 across cervical 
cytology among the women of Barak Valley of Assam, Northeast India.

Materials and methods  
Study area and participants 

Data for the present study has been collected from the Barak Valley, Assam. Situated in the 
southernmost territory of the state, it consists of three administrative districts, viz, Cachar, Karimganj, 
and Hailakandi. Participation of individuals in this study is entirely voluntary, and the subject has been 
identified with the help of purposive sampling technique. The total sample size was 80 participants 
(calculated at 90% confidence interval). Married women in the age group 18 to 50 above years were 
enrolled in the study. Awareness and screening programs were organised for this study, where women 
with or without gynaecological problems were screened for Human Papilloma Virus (HPV) infection. 
Cervico-vaginal smears were collected from the subjects in the different cervical screening camps from 
three districts of Barak Valley. The inclusion criteria include the women who are sexually active or 
were active. Pregnant women, women on periods, and never having sexual experience were excluded. 
Every subject was provided with informed consent before enrolment. The study has been approved by 
Gauhati University Institutional Ethics Committee (Ref. No. GUIEC/2021/022, dated 29/09/2021).

Sample collection and laboratory analysis 

Samples were primarily collected for HPV screening and cytological analysis. It was done following 
three major sequential steps: (i) Enrolment, socio-demographic information, and sample collection, (ii) 
Molecular detection of HPV infection and cytological examination and (iii) Analysis and interpretation 
of data generated in the study. 

While enrolling the participants, the socio-demographic information of the individuals was recorded. 
Then a clinical examination was performed by a physician after fulfillment of the inclusion criteria. 
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Cervico-vaginal smear was collected from the cervix in the OriCan HPV screening kit then the samples 
were taken to Origin LIFE Healthcare Solutions & Research Centre, Chandigarh, for cytological and 
molecular analysis. 

The cytological classifications of normal cervical samples, precancerous lesions, and invasive cervical 
cancer were done following WHO guidelines (WHO, 2013). Cervico-vaginal smears were processed 
and stained with Papanicolaou stain. Then the stained slides were examined and interpreted by an 
experienced pathologist. Cytological gradation was done according to the Cervical Intraepithelial 
Neoplasia (CIN) classification (Sellors and Sankaranarayanan, 2003) and interpreted as either normal, 
i.e., without any cytological abnormality or abnormal, i.e., with various grades of abnormal cytological 
features. Again the abnormal cytological features have been categorised into (a) Cervical Intraepithelial 
Neoplasia Grade-1 (CIN 1), (b) Cervical Intraepithelial Neoplasia Grade-2 (CIN 2), (c) Cervical 
Intraepithelial Neoplasia Grade-3 (CIN 3) and (d) Invasive cervical carcinoma.

DNA extraction was done from the cervicovaginal smears using the modified phenol-chloroform 
method (Sambrook, Fritsch, & Maniatis, 1989), and the extracted DNA was aliquoted and stored at 40 
C for further genetic analysis while the stock DNA was stored at -200 C for future use. Extracted DNA 
samples were screened for high-risk HPV infection by PCR, using L1 consensus primers, i.e., MY09/11 
primer pairs (Table 1) (Erhart et al., 2016). The PCR-mix (total volume 15µl) per reaction contained; 
1.5 µl 10X Taq PCR buffer, 1.2 µl 25mM MgCl2, 0.3 µl 100mM dNTPs, 0.6 µl 20pmol of each primer, 
0.4 µl 5U of Taq DNA polymerase, nuclease-free water and 5 µl 10ng genomic DNA. The haemoglobin 
beta (HBB) gene (268 bp) was run as a positive control to check the proper PCR amplification. The 
PCR conditions for the above reaction mix were; an activation phase at 95oC for 3 min, 34 cycles of 
a series of denaturation at 94oC for 30 sec, annealing at 49.5oC for 1:30 min, elongation at 72oC for 
1 min; and final extension of 72oC for 10 min. PCR product was then subjected to 2% agarose gel 
electrophoresis, and amplified bands (450bp) were visualised under a UV transilluminator after staining 
with ethidium bromide (EtBr). 

The samples were screened for HPV-16 and HPV-18 using type-specific primers (Table 1), amplifying 
specific regions within the E6 gene (Peng et al., 2013). For the detection of the HPV genotypes, PCR 
amplification was performed separately with each of the type-specific primer sets. The PCR-mix (total 
volume 15µl) per reaction contained; 1.5 µl 10X Taq PCR buffer, 1.2 µl 25mM MgCl2, 0.3 µl 100mM 
dNTPs, 0.6 µl 20pmol of each primer, 0.4 µl 5U of Taq DNA polymerase, nuclease-free water and 5 
µl 10ng genomic DNA. The haemoglobin beta (HBB) gene (268 bp) was used as a positive control to 
check the proper PCR amplification. The PCR conditions for the above reaction mix were; an activation 
phase at 95oC for 3 min, 34 cycles of a series of denaturation at 94oC for 30 sec, annealing at 54.5oC for 
1:30 min, elongation at 72oC for 1 min; and final extension of 72oC for 10 min. PCR product was then 
subjected to 2% agarose gel electrophoresis, and amplified bands (Table 1) were visualised under a UV 
transilluminator after staining with ethidium bromide (EtBr). 

Statistical analysis 

The descriptive statistics were calculated as mean, SD (standard deviation), and frequency. IBM 
SPSS Statistics 26 software has been used for the cross-tabulation of the data. 

Results 
Socio-demographic information 

The socio-demographic information of the participants is presented in Table 2. A total of 80 women 
participants were enrolled in the study and divided into four age groups. 18-29 and 30-39 age groups 
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have an equal number of participants, i.e., 28.75% (23/80) in each age group.  22.50% (18/80) were in 
40-49 age, and 20% (16/80) in 50 & above years. Most of the women studied up to class 10th (46.25%, 
37/80), followed by 12th qualified (27.50%, 22/80) and graduated & above (23.75%, 19/80). Only 
2.50% (2/80) of participants were illiterate. 58.75% (47/80) were housewives, and 41.25% (33/80) were 
working women who participated in the study. In religious distribution, Hindu (57.50%, 46/80) and 
Muslim (42.50%, 34/80) women enrolled and underwent screening. Participants were from both rural 
and urban areas, where 56.25% (45/80) were from rural and 43.75% (35/80) were from urban areas. 

Prevalence of HPV and type-specific identification 

HPV DNA PCR was performed on all 80 samples using L1 consensus primers (MY09/11 primer 
pairs) to detect high-risk HPV infection. Out of the 80 samples, 17.5% (14/80) were high-risk HPV 
positive (Table 3), and 82.5% (66/80) were HPV negative. 

Table 4 shows the type-specific prevalence of high-risk HPV with a single infection, i.e., infection 
with one type and co-infection, i.e., infection with more than one type. HPV-16 was the most prevalent 
(8.75%, 7/80) high-risk HPV-type single infection, followed by 6.25% (5/80) infection with HPV-18. 
Co-infection with HPV types 16+18was 2.5% (2/80).

HPV infection across different cytological categories 

Table 5 shows cytological grading based on normality and abnormality. 10% (8/80) of samples had abnormal 
cytological lesions of different grades. The distribution of the Cervical Intraepithelial Neoplasia (CIN) grades, 
i.e., the abnormal cytological lesion is CIN1 (6.25%, 5/80), CIN2 (2.5%, 2/80), and CIN3 (1.25%, 1/80). So 
far, no samples have been detected with invasive cervical cancer cytology. When HPV infection was checked 
across the cytological categories, 87.5% (7/8) of the abnormal lesions were HPV-positive.  

The prevalence of HPV infection across socio-demographic variables is presented in Table 6. 
Distribution of HPV prevalence across the ages is: 18-29 years  (2.50%, 2/80), 30-39 years (3.75%, 
3/80), 40-49 years (6.25%, 5/80) and 50 & above years 5% (4/80). 7.50 % (6/80) and 6.25%  (5/80) 
HPV prevalence was observed among women studied up to 10th and 12th, respectively. Graduates and 
above qualified have less HPV positivity rate (2.50%, 2/80) than 10th and 12th pass. Housewives were 
more HPV infected (13.75%, 11/80) than working women ( 3.75%, 3/80). The prevalence of HPV 
among Muslim women is almost twice (11.25%, 9/80) compared to Hindu women (6.25%, 5/80). The 
positivity rate in rural women is much higher (13.75%, 11/80) than in urban women (3.75%, 3/80). 

Discussion 

Overall, HPV positivity was 17.5% in the present study. A Multicentric study by Muwonge et al. 
reported that high-risk HPV infection in India varies from 0.7% to 6.5% (Muwonge et al., 2021). Rai 
et al. also reported an almost similar prevalence of high-risk HPV DNA (16%) from women of Assam and 
nearby Northeastern states (Rai et al., 2014). Another study in Northeast India reported lower HPV 
prevalence than the present study in Manipur (7.4%) and Sikkim (12.5%) (Laikangbam et al., 2007).  

HPV-16 was the most prevalent (8.75%) high-risk HPV-type single infection, followed by 6.25% 
infection with HPV-18. Several studies reported similar findings as HPV-16 being the most common 
high-risk HPV type, followed by HPV-18 (Das et al., 2013; Laikangbam et al., 2007; Muwonge et al., 
2021; Sailo et al., 2022; Sharma et al., 2013; Vora, Saiyed, Joshi, & Natesan, 2022).   

10% of samples had abnormal cytological lesions of different grades. Sailo et al. reported 17.14% 
abnormal cytological lesions of various grades from women in the Northeast India region (Sailo et al., 
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2022). A recent study from Nagaland also shows similar findings where 16.35% of abnormal lesions 
were observed among women (Yepthomi et al., 2022). The distribution of the Cervical Intraepithelial 
Neoplasia (CIN) grades, i.e., the abnormal cytological lesion is CIN1 (6.25%), CIN2 (2.5%, and CIN3 
(1.25%). Among the women aged between 30-60 years in Chennai, cervical cytology screening was 
performed, and a high incidence of high-grade (CIN3) lesions was observed among the women who 
were vulnerable to developing cervical carcinoma. It was recommended that periodic awareness camp 
followed by cytological screening among women with low socio-economic status to prevent cancer is a 
need of the hour (Parimala et al., 2014).

When HPV infection was checked across the cytological categories, 87.5% of the abnormal lesions 
were HPV-positive. The link of HPV in abnormal cervical cytology is well established. In a study from 
Central India, women with abnormal cytological lesions showed an 81.0% HPV positivity rate (Gupta 
et al., 2022). Chauhan also reported that HPV DNA was significantly associated with low-grade, high 
grade & neoplasia lesions (Chauhan and Sajan, 2022). Distribution of HPV prevalence across the ages is: 
18-29 years (2.50%), 30-39 years (3.75%), 40-49 years (6.25%) and 50 & above years 5%. With increasing, 
the age infection rate also increased. Similar to the present study, another Indian study reported that the 
infection rate is higher at 40-40 and 50+ years, i.e., 8.7% and 21.7%, respectively (Sharma et al., 2013).     

7.50 %  and 6.25% HPV prevalence was observed among women studied up to 10th and 12th, 
respectively. Graduates and above qualified have less HPV positivity rate (2.50%) than 10th and 12th 
pass. Education is important in awareness of the disease and accessing healthcare facilities. In the higher-
educated groups, a lower prevalence is observed. Parweez at al.  (Parwez et al., 2022). Housewives were 
more HPV infected (13.75%) than working women ( 3.75%). Working women are associated with 
several sectors that may contribute to better knowledge about disease and healthcare facilities available. 

The prevalence of HPV among Muslim women is almost twice (11.25%) compared to Hindu women 
(6.25%). Similar results were observed by Chauhan et. el, where Muslim women had a higher rate of 
HPV infection. (Chauhan et al., 2009). But many studies give contrasting results, with Muslim women 
being less infected with high-risk HPV (Duttagupta et al., 2004; Parwez et al., 2022). The prevalence 
rate in rural area women is much higher (13.75%) than in urban area women (3.75%). It may be because 
of the infrastructural availability, where rural women have less access to healthcare facilities providing 
screening and diagnosis for viral infection.  

Conclusion
The present study found that overall HPV infection is high in the population. This is an ongoing 

study, and the inclusion of more samples will give concrete results. Mass camp screening and self-
sampling will be a more convenient way to the early detection and treatment of HPV and related cancer 
in rural and urban areas. Awareness about the virus, information on available screening methods, and 
vaccination may play a decisive role in reducing the infection rate. 
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Tables
Table 1: List of primers used in the study

Primer name Primer sequence Amplicon size
(in base pairs)

MY09/11
(Erhart et al., 2016)

Forward Primer: CGT CCM ARR GGA WAC TGA TC
450 bp

Reverse Primer: GCM CAG GGW CAT AAY AAT GG

HPV16 (Peng et al., 
2013)

Forward Primer: GAG CAC AGG GCC ACA ATA AT
452 bp

Reverse Primer: TCC TAA AGG AAA CTG ATC TAG G

HPV18 (Peng et al., 
2013)

Forward Primer: GCA CAG GGT CAT AAC AAT GG
454 bp

Reverse Primer: GTC CAA GGG GAT ATT GAT YT

Table 2: Socio-demographic information of the participants

Variables n (%)

Age group

18-29 23 (28.75)

30-39 23 (28.75)

40-49 18 (22.50)

≥50 16 (20)

Education

Illiterate 2 (2.50)

Up to 10th 37 (46.25)

12th 22 (27.50)

Graduate & above 19 (23.75)

Occupation

Housewife 47 (58.75)

Working 33 (41.25)

Religion

Hindu 46 (57.50)

Muslim 34 (42.50)

Residence

Rural 45 (56.25)

Urban 35 (43.75)

Table 3: Overall HPV prevalence

Viral presence n (%)

HPV present 14 (17.5)

HPV absent 66 (82.5)
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Table 4: Type-specific and co-infection of HPV

HPV type Positive cases (%)

16 7 (8.75)

18 5 (6.25)

16+18 2 (2.50)

Table 5: Cytological grading and HPV infection across the cytological grades

Cytology n (%) HPV positive across the grades (%)

Normal 72 (90) 7 (8.75)

Abnormal

CIN1 5 (6.25) 4 (5)

CIN2 2 (2.50) 2 (2.50)

CIN3 1 (1.25) 1 (1.)

Invasive
cervical cancer 0 (0) 0 (0)

Table 6: HPV infection across socio-demographic variables

Variables n (%) HPV positive frequency (%)

Age group

18-29 23  (28.75) 2 (2.50)

30-39 23 (28.75) 3 (3.75)

40-49 18 (22.50) 5 (6.25)

≥50 16 (20) 4 (5)

Education

Illiterate 2 (2.50) 1(1.25)

Up to 10th 37 (46.25) 6 (7.50)

12th 22 (27.50) 5 (6.25)

Graduate & above 19 (23.75) 2 (2.50)

Occupation

Housewife 47 (58.75) 11 (13.75)

Working 33 (41.25) 3 (3.75)

Religion

Hindu 46 (57.50) 5 (6.25)

Muslim 34 (42.50) 9 (11.25)

Residence

Rural 45 (56.25) 11 (13.75)

Urban 35 (43.75) 3 (3.75)
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