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Abstract
Background: Cervical cancer is a high incidence cancer in India, although it is a preventable cancer. We proposed a public private participation (PPP) strategy 
between Private/Corporate Organizations and Non-governmental organizations for HPV vaccination and screening of cervical cancers. 

Methods: The pilot project was conducted in Maharashtra State, India. The Private/Corporate Organizations with a Corporate Social Responsibility (CSR) Cell/
Committee were identified for the project. 

The HPV vaccination camp sites and schools were identified and confirmed. The bivalent HPV vaccine – Cervarix, was administered in two doses in the deltoid 
muscle, to socio-economically under privileged school girls, aged 11-15 years, from seven villages in Maharashtra.  

The cervical cancer screening camp sites were identified, post identification and confirmation of the screening camps, HR-HPV was assayed in 8286 of 9353 recruited 
women. The women were 30-65 years old and residents of rural villages and urban slums in the state. HPV DNA PCR using the MY09 and MY11 primers, followed 
by nucleotide sequencing using Big Dye terminator kit and Genetic Analyzer ABI 3130XL system in HPV positive samples, or the Hybrid Capture 2 assay, were the 
methods of choice to detect HR-HPVs in the cervical smears.    

Results: We administered 4008 total doses of the bivalent HPV vaccine in the school girls, and 82-100% compliance for the second dose of the vaccine was recorded. 
Mild adverse reactions included headache, weakness or fainting in 1-2% of the school girls. 

The HPV DNA PCR assay with nucleotide sequencing and Hybrid Capture 2 assay demonstrated an average of 4.1% women were positive for HR-HPV with 
HPV16 being the most common infection.   

Conclusions: Our study demonstrated the feasibility of the Public Private Participation approach with collaboration between Non-governmental organizations and 
corporate organizations, for prevention and control of cervical cancer.
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Introduction
Cervical cancer ranks as the second most common cancer in females 

in India with annual age-standardized incidence rate (AAR) of 14.7 per 
100,000 women, and 96,922 new cases and 60,078 deaths annually due 
to cervical cancer [1,2]. Oncogenic High Risk Human Papilloma viruses 
(HR-HPVs) are the etiologic agents of cervical cancers [3], and about 
70-80% of cervical cancers globally are caused by HR-HPV16 and 18 
[4]. A prolonged latent period of 10-30 years is observed between HR-
HPV infection, precancerous lesions and cervical cancer [5]. 

Cervical cancer is a preventable cancer, with simple modalities of 
primary prevention of HPV vaccination, and secondary prevention 
through screening of cervical smears. HPV vaccines are safe, 
efficacious and licensed by regulatory authorities including Food 
and Drug administration, USA, several European Medicines Agency, 
and Drug Controller of India, for vaccinating school girls 9-18 years, 

and women >18-45 years. Three globally approved vaccines are the 
bivalent vaccine against HPV16/18 (Cervarix), quadrivalent vaccine 
against HPV6/11/16/18 (Gardasil), and nonavalent vaccine against 
HPV6/11/16/18/31/33/45/52/58 (Gardasil-9). Globally 270 million 
doses of the vaccines have been administered worldwide since 2007, 
with absence of severe adverse events to the participants [6]. The 
bivalent and quadrivalent vaccines are also available in India. Countries 
with high vaccination coverage have demonstrated 73–85% decrease 
in vaccine-type HPV prevalence and decline of 41–57% in high grade 
lesions among young women, and 60% reduction in cervical cancer 
cases and mortality in less than 10 years after implementation of HPV 
vaccination [7,8]. HPV vaccination has been adopted by 85% of high 
developed index countries in the world, although only a small number 
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of low-to-middle income countries have introduced HPV vaccination 
due to lack of financial resources and infrastructure facilities [9]. 
Cavaljuga and colleagues in their extensive analysis on 57 studies from 
64 countries concluded that HPV vaccination is cost-effective [10]. 

Secondary prevention of cervical cancer comprises organized 
screening of cervical smears using Papanicolaou test (Pap test) 
with high specificity (96%) but low sensitivity (28-53%); and HPV 
testing with high specificity (90.7%), and high sensitivity (>80%) for 
identification of precancerous lesions and cancer [11-13]. Further, the 
negative predictive value of HR-HPV test is 100% [14]. 

In India, besides the financial constraints and infrastructure 
limitations, the number of women in the cervical cancer susceptibility 
age group is large (469.1 million) [15]. Hence, these preventive 
measures are not affordable and accessible to the women. Our study 
proposed a public private partnership (PPP) between Non-Government 
Organizations (NGOs) and Corporate organizations for primary 
prevention through HPV vaccination and secondary prevention 
through HPV screening, in the socio-economically underprivileged 
women in rural regions and urban slums in the state of Maharashtra.

Methods
The study for HPV vaccination and screening was approved by 

the Institutional Review Board of Cancer Patients Aid Association 
[CPAA] [CPAA Ethics Committee Approval No. 2017/1 Project - HPV 
Vaccination and detection of high-risk oncogenic HPVs as a primary 
screening tool for risk to cervical cancer].

Primary Prevention by HR-HPV Vaccination

Identification of Corporate Partners

The collaborative partners in the project constituted our NGO – 
Cancer Patients Aid Association, and Corporate Organizations. In 
India, it is mandatory that every company having net worth of rupees 
five hundred crore or more, or turnover of rupees one thousand crore or 
more or a net profit of rupees five crore or more during any financial year, 
have to institute a Corporate Social Responsibility (CSR) Committee or 
Cell in their management. The purpose of the CSR Cell is philanthropy, 
donating to charity as a management concept, adopting ethical labor 
practices. Our organization team personally approached the CSR Cell 
of such Corporate Organizations with a written project and presented 
the project to the CSR Cell.  On approval of the project by the CSR 
committee members, the project was sent to the Board of Directors 
of the company. Post discussion and approval of the project and the 
proposed budget, our NGO was informed, and the project was initiated. 
Quarterly reports were sent to the collaborating Corporation(s), and on 
completion of the project a final report along with audited utilization 
certificate for the expenses incurred was submitted.  

HPV Vaccination
The bivalent HPV vaccine Cervarix (Glaxo SmithKline Pharmaceuticals 

Ltd) was administered to school girls in rural districts in Maharashtra. The 
districts with Schools in the region certified by the State Education Board, 
were identified by our team in consultation with local social workers. The 
vaccination camps were organized by our NGO in concert with the social 
worker teams and their coordinators, volunteers, medical and paramedical 
staff. Our NGO (CPAA) procured the vaccines and transported this to the 
camp sites maintaining cold chain (2-8°C). 

An initial interactive cervical cancer awareness session was 
conducted with the school girls/ parents/ guardians/ teachers/ 
administrators. The participants were registered, and necessary 

documentation was completed. Demographic data including age, 
standard or class of study, date of birth, profession and income of parents, 
and identification parameters including name, phone contact number 
and Aadhar Card (national identification card) details were noted 
for each student. Medical history included current or past disease(s), 
allergy and menstruation history, was recorded. Informed consent 
for voluntary participation was signed by the parent. The vaccine was 
administered in the deltoid muscle in the arm. Post vaccination the 
school girls were under observation for an hour by the medical staff. 
Adverse reactions were monitored and attended to by the medical staff. 
Relevant health records were updated and documented annually, and 
monitored by the class teacher, internal and external auditors.  

HR-HPV Screening

The target populations for HR-HPV testing were socio-
economically under privileged women from rural regions and urban 
slums of Maharashtra and were in the 30-65 age group. Information 
campaigns were conducted in the rural and urban settlements with 
the aid of the local social workers and coordinators. We recruited 9353 
females, and analyzed 8286 samples for cervical cancer screening, 
with DNA samples inadequate in 1067 (11.4%) samples.  Age, marital 
status, number of children, medical history of gynecological diseases, 
hysterectomy, personal and family cancer history, tobacco and alcohol 
habits were noted. Those who had undergone hysterectomy or were 
pregnant were excluded from the study. The participants were directed 
for gynecologic examination and cervical sample collected. 

DNA PCR and Genotyping

The digene HC2® DNA Collection Device (QIAGEN, Venlo, 
Netherlands) was used to collect cells from the exo-/endocervix and 
dislodged into Specimen Transport Medium. DNA was extracted 
using Invitrogen PureLink Mini KitTM, as per the instructions of the 
manufacturer (Invitrogen, Waltham, Massachusetts, USA). About 30% 
of the samples were analysed by HPV DNA PCR and Hybid Capture 2 
was used for analysis of 70% samples. HPV DNA PCR was performed 
using MY09/MY11 primers, with beta globin as an internal control 
(Table 1). The HPV positive samples were outsourced for nucleotide 
sequencing using Big Dye terminator kit and Genetic Analyzer ABI 
3130XL system (Applied Biosystems, Waltham, Massachusetts, USA). 

S r . 
No. Primers Sequence 5' to 3' PCR Cycling 

Conditions

1
Forward primer 

Internal Control Beta 
Globin

CAA TGT ATC ATG CCT CTT 
TGC ACC

Initial Denaturation: 
950C/5 min

Cycles (40 cycles): 
Denaturation: 950C / 

30 sec 
Annealing: 600C / 

30 sec 
Extension: 720C / 45 sec
Final Extension: 720C/7 

min

2
Reverse primer 

Internal Control Beta 
Globin

GAG TCA AGG CTG AGA GAT 
GCA GGA

3 Forward primer HPV 
MY09

CGT CCM ARR GGA WAC 
TGA TC

Initial Denaturation: 
950C / 5 min

Cycles (40 cycles): 
Denaturation:  950C/ 

30 sec
Annealing: 500C / 

45 sec
Extension: 720C / 

60 sec
Final Extension: 720C/7 

min

4 Reverse primer HPV 
MY11

GCM CAG GGM CAT AAY 
AAT GG

Table 1. DNA PCR Primers – HPV and Internal Control
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Figure 1. Representative Vaccination Camp locations in Maharashtra, highlighting the female population of the village.

Figure 2. Agarose Gel (1.5%) Electrophoresis for HPV DNA PCR indicated by a distinct 450 bp fragment; 450 bp HPV specific fragment is not observed in HPV negative samples. 
Molecular weight markers are loaded and marked on the RHS and LHS lanes.
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The sequences of the primers for HPV DNA PCR are given in the 
Table 1 [11,12].

Hybrid Capture 2 Assay for detection of HR-HPVs was used to 
detect 13 HR-HPVs - HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 
68, according to the manufacturer’s instructions (Digene, Gaithersburg, 
Maryland, USA).

Results
HPV Vaccination

During the period from August 2018 to March 2021, 4008 doses 
were administered to 11-15-year school girls. The female population in 
the villages ranged from 597 to 23,914, with the 11-15-year-old school 
girls comprising about 30% of the total female population. An average 
of 92% compliance for the second dose in the various vaccination camps 
was recorded. Details of the vaccination camps and the camp sites are 
outlined in Table 2 and Figure 1, respectively. Minor adverse reactions 
included redness and swelling at the site of infection, headache, and 
fainting in 1-2% school girls. Quarterly reports were provided to our 
corporate partners, maintaining anonymity, confidentiality and privacy 
of the participants. Follow-up of the participants by local coordinators, 
class teachers, principal of the schools, and medical officers was 
discussed with the NGO project director on annual basis.

HR-HPV Screening 

Women for cervical cancer screening were recruited in 120 camps 
and constituted 9353 women, between June 2012 to March 2020. About 
11.4% (n=1067) DNA samples were inadequate (Quantity not Sufficient) 
for the HPV tests as indicated by absence of amplification of the 
control beta globin gene in the PCR assay. Thus about 88.6% (n=8286) 
women were examined for HPVs (Table 3). After electrophoresis of the 
PCR products on 1.5% agarose gels, HPV positivity was indicated by 

presence of a distinct 450 bp HPV specific amplimer, whereas absence 
of the 450 bp amplimer indicated HPV negativity (Figure 2). The HPV 
specific amplimers were subjected to DNA sequencing and the HPV 
types were identified using NCBI BLAST search. 

The virus was identified in 341 (4.1%) women and 7945 (95.9%) 
were HPV negative. Samples with weak bands were repeated and 
the PCR product subjected to nucleotide sequencing to confirm the 
presence of HPV.

The HR-HPV identified in the women, by nucleotide sequencing, 
were HPV16 (54.5%), HPV66 (23%), HPV58 (13%), HPV18 (6.5%) 
and HPV31 (3%).

Discussion
The main finding of the study was application of public private 

partnership strategy towards primary prevention by HPV vaccination 
and secondary prevention by HPV screening of cervical cancer in India. 
The financial resources provided by Corporate Organizations and 
the NGOs providing the technical and functionally operative aspects 
towards primary and secondary prevention of cervical cancer provided 
a feasible strategy. The strategy could be replicated in several low-to-
middle income countries. Further, policies to support HPV vaccination 
and cervical screening from the Government Union and State Health 
Ministries, and financial support from private organizations for scale 
up and sustainability is recommended and will result in reduction in 
annual incidence of cervical cancer, early detection and decrease in 
mortality.

Our results on HPV positivity are in concordance with several 
reports reported earlier for HPV positivity of 4.9 to 8% in Indian 
women, validating the methodology [16-18]. Besides HPV testing has 
been validated in self-collected samples in women in far-off locations 
as well as in women with social inhibitions with respect to collection 

Camp Site - 
Village or Taluka, District Dose One Numbers Vaccinated Second Dose              Numbers 

Vaccinated              (% Compliance) Total Vaccine Doses Administered
 Total Female 
 Population 

Dindrud, Beed 432 357 (82%)  789  3162  
Vairag, Solapur 372 369 (99%)  741  9558 
Hiware Bazaar, Ahmednagar 202 133 (67%)  335  597 
Ralegan Siddhi, Ahmednagar 346 330 (95%)  676  1148 
Majalgaon, Beed 539 539 (100%)  1078  23,914 

Nimblak, Ahmednagar 189 189
(To be given in June 2021)

 189 (378 total with 189 second 
doses to be given)  3937

Usgaon, Palghar 200 200 (To be given in October 2021)  200 (Total 400 with 200 second 
doses to be given)  1379

Total 2111 1948 (92%)  4008
 (Total 4397 with   389 to be given)   39,758

Table 2. HPV Vaccination Details.

No Vaccination dates Camps conducted Samples Collected QNS Samples Tested HPV Positive HPV Negative
1 June 2012 - May 2013 (Urban slums) 21 1000  - 1000 27 (2.7%) 973

2 July 2013 - February 2017 
(Urban slums) 42 3918 675 3243 124 (3.8%) 3119

3 December 2017 - September 2018 
(Urban slums) 25 2197 392 1805 59 (3.3%) 1746

4 October 2018 - March 2020
(Rural regions) 32

2238
(100 samples were 

from professional sex 
workers)

 - 2238 131(5.95%) 2107

Total 120 9353 1067 (11.4%) 8286 341 (4.1%) 7945 (95.9%)

Table 3. Cervical Cancer Screening by HPV detection
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of cervical smears by medical/paramedical staff [17-19].  Sankaranarayan 
and co-workers conducted a study involving 131,746 healthy women, and 
concluded that in low resource setting, a single round of HPV screening 
reduced the potential incidence and mortality from cervical cancer [14]. 

The WHO Director-General has issued a call for action to eliminate 
cervical cancer as a public health problem worldwide, placing it on a 
fast track [20,21]. Girls-only HPV vaccination is predicted to reduce 
the median age-standardized cervical cancer incidence from 19·8 to 2·1 
cases per 100,000 women-years over the next century, leading to 89·4% 
reduction and prevention of 61·0 million cases of cervical cancer [22]. 
The threshold of four to ten cases per 100,000 women-years is predicted 
to result in elimination of 60% cervical cancers.  Addition of twice 
lifetime screening, will further reduce the incidence to 0·7 (0·6–1·6) 
cases per 100,000 women-years, culminating in 96·7% reduction, and 
prevention of an additional 12·1 million cervical cancer cases. WHO 
states the necessity of a 90:70:90 policy with 90% school girls HPV 
vaccinated, 70% women screened for cervical cancer, and 90% women 
with cervical cancers treated early for the cancer [20].

There is a dire need for educational intervention and awareness 
programs to augment HPV immunization programs, screening for 
cervical cancer, and early treatment, for prevention and control of 
cervical cancer in India. The current study explored the feasibility 
of conducting HPV vaccination as primary prevention and an 
opportunistic population screening using a PPP strategy with NGOs 
and Corporate Organizations as partners, in a community based 
cervical cancer prevention program towards elimination of cervical 
cancer in women.

Conclusion 
Our study demonstrated the feasibility of using the Public Private 

Partnership approach with collaboration between erase our Non-
governmental organizations and corporate organizations. Almost 85% 
of cervical cancers incidence and high mortality due to cervical cancers 
occurs in low-to-middle income countries and is preventable by simple 
means of HPV vaccination and cervical screening.
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