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HPV & HPV vaccination: Issues in developing countries
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Cervical cancer is the second-most common cancer in women worldwide causing most cancer related
deaths in women in developing countries including India. The most predominant etiological factor for
cervical cancer is persistent infection of certain high-risk types of human papillomaviruses (HR-HPVs),
while low-risk types are associated with benign cervical lesions and genital warts. In India, the most
common (98%) oncogenic types are HPV types 16 and 18 with HPV 16 exclusively (80-90%) prevalent.
Two recently developed virus-like particle (VLP) based prophylactic HPV vaccines, quadrivalent
Gardasil (HPV 16/18/6/11) and Cervarix (HPV 16/18) offer great promise. Several other therapeutic
vaccines are also in clinical trials and are yet to establish their efficacy. The use of already developed
VLP vaccines in resource-poor regions is limited by several factors, most importantly the high cost of the
vaccine. Therefore efforts are being made in India to develop cost-effective second-generation vaccines.
Besides cost, there are several socio-cultural and ethical issues involved with the implementation of
already developed vaccines including the acceptability of HPV vaccination by preadolescent girls and

their parents in India.
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Introduction

Recently, the two new HPV vaccines “Gardasil” and
“Cervarix” have been shown to be highly immunogenic
and effective in preventing infection with high-risk HPV
types 16 and 18, the two most common oncogenic types
associated with the development of cervical cancer in
women. Though, the prospect of preventing cervical
cancer is promising, the implementation of HPV
vaccination programme in India’s national approach to
cervical cancer control is complex due to several socio-
cultural and economic issues. There is a need to look

at issues of implementation and effectiveness of these
vaccines in developing and resource-poor regions of
the world along with the future prospects of second
generation HPV vaccines in relation to worldwide
HPV vaccination programmes.

Cervical cancer and papillomaviruses

Cervical cancer is the most common gynecological
cancer among women worldover. There are estimated
493,000 new cases and 274,000 deaths due to cervical
cancer in 2002 globally but more than 80 per cent cases
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are occurring from developing countries'. In India, the
annual incidence of cervical cancer is about 130,000
cases with 75-80,000 deaths?. Thus India shares about
one fourth of the global cervical cancer burden. A large
number of risk factors are known to contribute to high
incidence of this disease but most important of them
are early age of marriage, multiple sexual partners,
multiple pregnancies, poor genital hygiene, smoking,
use of oral contraceptives and multiparity®. But the most
important factor has been considered to be the infection
of human papillomaviruses (HPVs). Several lines of
clinico-epidemiological studies have demonstrated
worldover that 99 per cent of cervical tumors are having
the presence of HPV and cervical cancer develops due
to the persistent infection of oncogenic HPV types. In
addition, there are several cofactors including the role
of host cellular and genetic factors, immunodeficiency,
HPYV variants, viral load and viral integration are also
considered to be important during progression and
development of cervical cancer?.

Till date, more than 111 genotypes of HPV
have been described, but only about 30 of them are
associated with anogenital cancer. Mainly HPV types
16 and 18 are considered as most prevalent “high
risk” types for cervical cancer while HPV types 6 and
11 are considered to be the most prevalent low risk-
types associated with benign lesions and genital warts.
There are at least thirteen more high-risk HPV types
(31,33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82)
and three probable high-risk types (26, 53, 66)°. HPV
16/18 is estimated to account for about 70 per cent of
all cervical cancers and altogether HPV 16, 18, 45, 31,
33, 35, 52, 58 are responsible for about 90 per cent of
all cervical cancers worldwide®. In addition to the most
prevalent low-risk HPV types HPV 6 and 11, other
types are 40, 42, 43, 44, 54, 61, 70, 72 and 81 7. The
data from all over world showed that HPV types 16
and 18 are present in more than 70 per cent in cervical
cancer cases®, but the prevalence of HPV type 16 in
India is found to be exclusively very high (~90%)°!!
while occurrence of HPV type 18 varies from 3-20 per
cent, followed by other high risk types such as HPV 45,
33, 35, 52, 58, 59 and 73'"12, HPV 16/18 is estimated
to account for more than 80 per cent of invasive
cervical cancer including CIN 3, vulvar intraepithelial
neoplasia (VIN) 2/3 and for 50 per cent of CIN 2
lesions. In India, 85-90 per cent cervical cancer cases
are squamous cell caricinoma but only 10-15 per cent
cases are adenocarcinoma. Interestingly, in India HPV
16 is the most prevalent type both in squamous cell

carcinoma as well as adenocarcinoma while global
reports indicate preferential occurrence of HPV 18 in
adenocarcinoma'*!,

Region specific prevalence of HPV varies in India
and the most consistent variation has been observed
in the prevalence of HPV 16 rather than other types.
This regional variation may be due to genetic, cultural
and ethnic diversity as well as heterogeneity between
studies'®. Occurrence of an exclusive high prevalence
of HPV16 puts India in an advantageous position
because both the new vaccines are against HPV 16
and 18. These will have maximum impact in India, as
they would be able to take care of about 90 per cent of
cases.

A comparative study of age related incidence of
high risk-HPV infection and cervical cancer in Indian
women. Das et al'® showed that the peak of HPV
infection appears at the later age as compared to that of
western countries. This information is very important
for HPV vaccine programme in India for selection of
age of target population'.

HPYV vaccines
Prophylactic vaccines

Recently developed two successful prophylactic
HPV vaccines - quadrivalent ‘Gardasil’ (HPV
16/18/6/11) by Merck and bivalent ‘Cervarix’ (HPV
16/18) by Glaxo SmithKline (GSK) are recommended
by US Food and Drug Administration (FDA) for
vaccinating young adolescent girls at or before onset
of puberty. These viral capsid proteins based vaccines
are produced in the form of spontaneously reassembled
virus-like-particles (VLPs) expressed either in yeast for
‘Gardasil’ or in baculovirus for ‘Cervarix’. These two
vaccines give protection from infection with two most
common cancer-causing HPV types 16 and 18 which
are associated with more than 70 per cent of cervical
cancer cases. Clinical trials have shown the vaccines to
be highly immunogenic, well tolerated and safe, highly
effective in preventing incident and persistent HPV
infections including development of precancerous
lesions!'®%,

Each 0.5 mlrecommended dose of Gardasil contains
20 ug each of HPV 6 and HPV 18 and 40 ug each of
HPV 11 and HPV 16 with amorphous aluminium
hydroxyphosphate sulphate as adjuvant. This vaccine is
given in a series of three 0.5 ml intramuscular injections
over six months with 0, 2 and 6-month schedule?.
Available data'®!? indicate that the three dose regime
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can induce a high level of antibody formation a level to
prevent infection that persists for more than 48 months
post-vaccination. The overall efficacy of this tetravalent
vaccine was found to be 96 per cent in preventing
persistent infection with the HPV genotypes included
in the vaccination'’. Gardasil was also found to be 96
per cent effective in preventing genital wart formation
and served 100 per cent protection against vulvar
and vaginal intraepithelial neoplasia (grade 2-3)**.
Five years follow-up studies showed persistence of
neutralizing antibodies but beyond that an approximate
decline of 10 folds over the first 2 years occur after
the first peak and can prevent type-specific persistence
of HPV infection. Certainly a longer follow up and
monitoring is required to defend that antibody titer®
is sufficient to prevent infection. This vaccine is now
approved by the US-FDA for human vaccination and is
being introduced for adolescent vaccination in several
schools in the US??7.

GSK’s vaccine ‘Cervarix’ given intramuscularly
in 0.5 ml dose at 0, 1 and 6 month schedule contains
20 pg each of HPV 16 and 18. It has a proprietary
adjuvant ASO4 comprising of 500 pg of aluminium
hydroxide and 50 pg of 3-deacylated monophosphoryl
lipid A which induced a stronger and sustained immune
response'®. Extended follow up studies have showed
that more than 98 per cent seropositivity was maintained
for HPV 16/18 antibodies'®. Randomized control trial
data of 4.5 years showed an efficacy of about 91.6 per
cent against incident infection'®. This vaccine found to
control not only the HPV types contained in it, but also
infections by other HPV types especially genetically
closely related types such as HPV 45 (vaccine efficacy
60%) and to a lesser extent, HPV types 31 and 52
(efficacy 32-36%)%.

These VLP-based vaccines are obviously not
therapeutic but the vaccine trial data showed that there
is an anamnestic response to a single dose of vaccine
in previously infected subjects'’. The basis of this
immune response is not very clear. It is also suspected
that 10-30 per cent of other high-risk HPV types (31,
35, 39, 45, 51, 52, 56, 58) in cervical cancer may take
lead because of change in microenvironment, as the
two present vaccines are not giving protection for these
HPV types?’.

Therapeutic vaccines

Some preventive HPV vaccines showed lot of
promise but are ineffective in the elimination of
pre-existing infection and HPV-related disease®.

Therefore, the development of therapeutic vaccines
for HPV is warranted because there is an estimated 5
million women worldwide already infected with HPV,
which will develop into invasive cervical cancer®.
Therapeutic vaccines are the bridge for the temporal
deficit by attacking already persistent HPV infections
and to treat cervical cancer in women. Although
prophylactic vaccines appear to be successful, but it
would take decades to perceive the benefits because it
takes 10-20 years to develop invasive cervical cancer'.
However, major theoretical obstacle to develop such
vaccines is that the immunological determinants for
viral persistence or regression remain poorly defined,
although it is clear that hosts with impaired cellular
immunity are at increased risk of persistent HPV
infection and carcinogenic progression.

The choice of target antigen is very important
for designing therapeutic vaccines. Since the HPV-
encoded E6 and E7 are essential for transformation
and are co-expressed in HPV-associated lesions, these
proteins represent ideal targets for the development
of HPV therapeutics. Several attempts are also
being made to deliver HPV E6 and E7 oncoproteins
or derived peptides as vaccines using recombinant
viruses, and fusion constructs with potentially
adjuvanting TLR agonists or cytokines®-*. However,
these papillomavirus proteins are not expressed on
the cell surface, there is little potential for antibody-
dependent cytotoxicity to mediate regression. Instead,
potentially effective cytotoxic responses will probably
require a vaccine that induces the presentation of small
virally encoded peptides to antigen presenting cells. In
cells that possess class I molecules, the normal process
of partial intracellular degradation of cytoplasmic or
nuclear viral proteins can, following the binding of
small viral peptides to the class I molecules, lead to
the induction of antigen-specific reactivity of CDS-
positive cytotoxic T lymphocytes (CTLs).

Chimeric vaccines

An ideal HPV vaccine should be able to generate
both humoral and cell-mediated immunity to prevent
new infections as well as to eliminate established
HPV infection. Therefore, in order to incorporate
the therapeutic intervention along with prophylactic
vaccination, several attempts were made to develop
chimeric vaccines**. Clinical trial of chimeric VLPs
(L2E7EG6 fusion protein vaccine) had shown to enhance
HPV type 16, E6 and E7-specific T -cell immunity in
healthy volunteers through vaccination with TA-CIN?*,
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These vaccines may be relevant for a population who
do not go for routine screening but already have HPV
related cervical disease.

Second generation vaccines / DNA vaccines

DNA vaccines are an attractive approach for
development of second-generation HPV vaccine.
DNA vaccines generate effective CTL and antibody
responses by delivering foreign antigen to antigen
presenting cells (APCs) that stimulate CD4+ and CD8+
T cells. Since DNA vaccine is a plasmid-based vaccine,
it is cost-effective and simple to produce in large
quantities. Robustness and stability of DNA vaccine
even in higher temperature provide an advantage over
the other vaccines, particularly for distribution in the
remote areas in resource poor settings.

In the last few years, several DNA vaccines have
been developed against variety of viral, bacterial as
well as parasitic infections in animal models showing
long lasting immunity and protection®’*2. Clinical trials
of DNA vaccines have been done and/or are underway
for various diseases, including cancer, influenza,
hepatitis B, HIV, and malaria*°. Recently, first DNA
vaccine against West Nile virus has been approved by
the Department of Agriculture, United States (USDA)
for commercial use in horse®. Both parenteral and oral
immunization with plasmid DNA expressing HPV 16
L1 showed systemic and mucosal antibody production
together with cytotoxic T lymphocyte responses in
animal models®'. Encouraging data from animal models
have led to several therapeutic HPV DNA vaccines in
clinical trials’?**, Since HPV 16 is the type exclusively
prevalent in India (~90%) and the other aggressive
oncotype is HPV 18 (3-19%), the development of HPV
DNA vaccine efforts is being focused on these two
high-risk genotypes only.

HPV vaccination associated issues in developing
countries

There are a number of limitations and issues
for implementation of two successful VLP-based
prophylactic HPV vaccines in India. The high cost
of the present vaccines is the major concern for mass
vaccination program in India as cervical cancer is the
major cancer among women mainly from low socio-
economic status. So, for low-resource countries, the
vaccination with current vaccines will not only possible
without substantial reduction in vaccine prices.

Other debatable issue is the selection of target
population for vaccination. There are several reports

showing strong immunological response with higher
antibody titer during pre-puberty than that in post-
puberty> and since HPV infection is acquired through
sexual contact particularly those with promiscuous sex
life, vaccination of adolescents in India will raise many
moral, social, religious and ethical issues because pre-
marital sex is not socially acceptable. Preliminary
survey of parents of 9-16 yr old school girls suggests
that majority of them are unaware of HPV and perceive
that their children are not at risk of acquiring HPV as
they come from good family (Das et al, unpublished).
Some parents think that this vaccine will make sex
safe leading to freedom to promiscuity and teenage
sex, which is not very common in this region of the
globe. This will cause social stigma and turnish
their family prestige. They suspect that the vaccine
itself may also cause infection to the children. So it
is most important to raise general awareness about
HPV, de-stigmatizing the HPV infection and gaining
acceptance for mass vaccination of pre-adolescent and
adolescent girls before it is introduced in India. So the
potential strategies may include vaccination of school
girls (which may miss the more vulnerable out-of-
school girls) or through mother-daughter initiatives
or other existing community outreach programs.
Although boys do not develop cervical cancer, they
can become infected with HPV and can develop other
HPV-associated disease such as penile, anal, and oral
cancers and genital warts. Some experts believe that
vaccinating both males and females would benefit
women because women are infected by male sexual
partners, but the cost-effectiveness of vaccinating both
genders is under investigation. Furthermore, there is
still no evidence that vaccinating males reduces the
risk of HPV transmission to their female partners®-’.

It is also important to note that the prevalence of
cervical cancer and HPV infection in India indicate that
the initiation as well as peak of HPV infection occurs at
a slightly higher age group (26-35 yr) women mostly in
their third decade of sexual activity than that of global
scenario (peak in 18-25 yr)'*. And, most cervical cancers
in India occur much later by 45-60 yr of age. Therefore,
it will be important to test the efficacy of the vaccines
in different age groups beyond 26 yr as both Merck and
GSK vaccines are equally effective in women between
the age 26-55 yr'®. There is, however, no data at present
to show effectiveness of these vaccines in the older
age group women. So, at this time, such vaccination
is not recommended that sexually active older women.
Rather, cervical screening is the best approach for this
group®®.



BHARADWAJ : HPV & HPV VACCINATION: ISSUES IN DEVELOPING COUNTRIES 331

Effective training of health care workers - with
clear, realistic and practical goals is crucial in any health
program. Health care workers including gynaecologists
and pediatricians in many developing countries may not
have a clear understanding of biology of HPV infection
and its role in development of cervical cancer and its
prevention. Health workers need to be educated about how
to help patients to understand the enormous advantages
offered by both screening and vaccination®®:>%-6!

Conclusions

The cervical cancer mortality rates in developing
countries including India could conceivably be reduced
to the low levels achieved by industrialized countries by
combining HPV vaccination with improved screening,
diagnosis and treatment. The goal will not be reached
without: (i) cooperative efforts of public and private
sector-partners together with community leaders;
(if) strengthened health systems, including routine
screening for cervical cancer; (iii) availability of HPV
vaccine in affordable price through development
of effective second generation vaccine; and (iv) a
supportative social climate.

References

1. Perkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics
2002. CA Cancer J Clin 2005; 55 : 74-108.

2. National Cancer Registry Project (NCRP) Biennial Report
2001. New Delhi: Indian Council of Medical Research; 2001.

3. Das BC, Gopalkrishna V, Hedau S, Katiyar S. Cancer of the
uterine cervix and human papillomavirus infection. Curr Sci
2000; 77 : 101-11.

4. Munoz N, Bosch FX, de Sanjose S, Herrero R, Castellsague
X, Shah KV, et al. Epidemiological classification of human
papillomavirus types associated with cervical cancer. N Engl/
J Med 2003; 348 : 518-27.

5. zur Hausen H. Viruses in human cancers. Science 1991; 254 :
1167-73.

6. Bosch FX. Epidemiology of human papillomavirus infections:
new options for cervical cancer prevention. Salud Publica
Mex 2003; 45 (Suppl 3): S326-39.

7. de Villers EM, Fauquet C, Broker TR, Bernard HU, zur
Hausen H. Classification of papillomaviruses. Virology 2004;
324 :17-27.

8. Das BC, Sharma JK, Gopalkrishna V, Das DK, Singh V,
Gissman L, ef al. A high frequency of human papillomavirus
DNA sequences in cervical carcinomas of Indian women as
revealed by Southern blot hybridization and polymerase chain
reaction. J Med Virol 1992; 36 : 239-45.

9. Kailash U, Soundararajan CC, Lakshmy R, Arora R,
Vivekanandhan S, et al. Telomerase activity as an adjunct to
high-risk human papillomavirus types 16 and 18 and cytology
screening in cervical cancer. Br J Cancer 2006; 95 : 1250-7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kohaar I, Thakur N, Salhan S, Batra S, Singh V, Sharma
A, et al. TNFa -308 G/A polymorphism as a risk factor for
HPYV associated cervical cancer in Indian population. Cellular
Oncol 2007; 29 : 249-56.

Franceschi S, Rajkumar T, Vaccarella S, Gajalakshmi V,
Sharmila A, Snijders PJ, ef al. Human papillomavirus and risk
factors for cervical cancer in Chennai, in India: a case control
study. /nt J Cancer 2003; 107 : 127-213.

Sowjanya AP, Jain M, Poli UR. Prevalence and distribution
of high-risk human papillomavirus (HPV) types in invasive
squamous cell carcinoma of the cervix and in normal women
in Andhra Pradesh, India. BMC Infect Dis 2005; 5 : 116-22.

Das BC, Gopalkrishna V, Das DK, Sharma JK, Singh V,
Luthra UK. Human papillomavirus DNA sequences in
adenocarcinoma of the uterine cervix in Indian women.
Cancer 1993; 72 : 147-53.

Iwasawa A, Nieminen P, Lehtinen M, Paavonen J. Human
papillomavirus DNA in uterine cervix squamous cell
carcinoma and adenocarcinoma detected by polymerase chain
reaction. Cancer 1996; 77 : 2275-9.

Das BC, Hussain S, Nasare V, Bharadwaj M. Prospects and
prejudices of human papillomavirus vaccines in India. Vaccine
2008; 26 : 2669-79.

Villa LL, Costa RL, Pettac A, Andrade RP, Ault KA, Guiliano
AR, et al. Prophylactic quadrivalent human papillomavirus
(types 6, 11, 16, and 18) L1 virus-like particle vaccine in
young women: a randomised double-blind placebo-controlled
multicentre phase Il efficacy trial. Lancet Oncol 2005; 6 :
271-8.

Villa LL, Ault KA, Guiliano AR, Costa RL, Pettac A, Andrade
RP, et al. Immunologic responses following administration of
a vaccine targeting human papillomavirus Types 6, 11, 16, and
18. Vaccine 2006; 24 : 5571-83.

Harper DM, Franco EL, Wheeler C, Ferris DG, Jenkins D,
Schuind A, et al. Efficacy of a bivalent L1 virus-like particle
vaccine in prevention of infection with human papillomavirus
types 16 and 18 in young women: a randomised controlled
trial. Lancet 2004; 364 : 1757-65.

Harper DM, Franco EL, Wheeler C, Moscicki AB, Romanowski
B, Roteli-Martins CM, ef al. Sustained efficacy up to 4.5 years
of a bivalent L1 virus-like particle vaccine against human
papillomavirus types 16 and 18: follow-up from a randomised
control trial. Lancet 2006; 367 : 1247-55.

Villa LL, Costa RLR, Petta CA, Andrade RP, Paavonen J,
Iversen OE, et al. High sustained efficacy of a prophylactic
quadrivalent human papillomavirus types 6/11/16/18 L1 virus-
like particle vaccine through 5 years follow-up. Br J Cancer
2007; 6 : 1459-66.

Crum C, Jones C, Kirkpatrick P. Fresh from the pipeline:
Quadrivalent human papillomavirus recombinant vaccine.
Nat Rev Drug Discov 2006; 5 : 629-30.

Gardasil (quadrivalent human papillomavirus [types 6, 11,
16, 18] recombinant vaccine)[product monograph]. Kirkland
(QC): Merck Frost Canada Ltd.; 2006.

Stanley M. Prophylactic HPV vaccines: prospects for
eliminating ano-genital cancer. Br J Cancer 2007; 96 :
1320-3.



332

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

INDIAN J MED RES, SEPTEMBER 2009

Joura EA, Leodolter S, Hernandez-Avila M, Wheeler CM,
Perez G, Koutsky LA, et al. Efficacy of a quadrivalent
prophylactic human papillomavirus (types 6, 11, 16, and 18)
L1 virus-like-particle vaccine against high-grade vulval and
vaginal lesions: a combined analysis of three randomized
clinical trials. Lancet 2007; 369 : 1693-702.

Stanley M. Immune responses to human papillomavirus.
Vaccine 2006; 24 (Suppl): S16-S22.

Reisinger KS, Block SL, Lazcano-Ponce E, Samakoses R,
Esser MT, Erick J, et al. Saftey and persistent immunogenicity
of'a quadrivalent human papillomavirus types 6, 11, 16, 18 L1
virus-like particle vaccine in preadolescents and adolescents:
a randomized controlled trial. Pediatr Infect Dis J 2007; 26 :
201-9.

Available from: http.//www.cdc.gov/mmwr/preview/mmwrhtml/
mm5740a2.htm.

Suzich JA, Ghim SJ, Palmer-Hill FJ, White WI, Tamura JK,
Bell JA, et al. Systemic immunization with papillomavirus L1
protein completely prevents the development of viral mucosal
papillomas. Proc Natl Acad Sci USA 1995; 92 : 11553-7.

Trottiesr H, Burchell AN. Epidemiology of mucosal human
papillomavirus infection and associated diseases. Public
Health Genomics 2009; 12 : 291-307.

Tindle RW, Frazer IH. Immune response to human
papillomaviruses and the prospects for human papillomavirus-
specific immunization. Curr Top Microbiol Immunol 1994;
186 :217-53.

Frazer IH, Quinn M, Nicklin JL, Tan J, Perrin LC, Ng P, ef al.
Phase 1 study of HPV16-specific immunotherapy with E6E7
fusion protein and ISCOMATRIX adjuvant in women with
cervical intraepithelial neoplasia. Vaccine 2004; 23 : 172-81.

Muderspach L, Wilczynski S, Roman L, Bade L, Felix J,
Small LA, et al. A phase I trial of a Human papillomavirus
(HPV) peptide vaccine for women with high-grade cervical
and vulvar intraepithelial neoplasia who are HPV 16 positive.
Clin Cancer Res 2000; 6 : 3406-16.

FrazerIH. Prevention of cervical cancer through papillomavirus
vaccination. Nat Rev Immunol 2004; 4 : 46-55.

Leggatt GR, Frazer IH. HPV vaccines: the beginning of
the end for cervical cancer. Curr Opin Immunol 2007; 19 :
232-8.

Greenstone HL, Nieland JD, DeVisser KE, De Bruijn ML,
Kirnbauer R, Roden RB, ef al. Chimeric papillomavirus
virus-like particles elicit antitumor immunity against the E7
oncoprotein in an HPV 16 tumor model. Proc Natl Acad Sci
USA 1998; 95 :1800-5.

de Jong A, O’Neil T, Khan AY, Kwappenberg KM, Chisholm
SE, Whittle NR et al. Enhancement of human papillomavirus
(HPV) type 16, E6 and E7-specific T -cell immunity in healthy
volunteers through vaccination with TA- CIN, an HPV
L2E7EG6 fusion protein vaccine. Vaccine 2002; 20 : 3456-64.

Bharadwaj M, Mirowsky K, Botten J, Masten B,Yee J, Hjelle
B. Genetic vaccines protect against Sin Nombre hantavirus
challenge in the deer mouse (Peromyscus maniculatus). J Gen
Virol 2002; 83 : 1745-51.

Bharadwaj M, Lyons CR, Wortman IA, Hjelle B. Intramuscular
inoculation of Sin Nombre hantavirus cDNAs induces cellular
and humoral immune responses in BALB/c mice. Vaccine
1999; 17 : 2836-43.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Srivastava IK, Liu MA. Gene vaccines. Ann Intern Med 2003;
138 :550-9.

Donnelly JJ, Ulmer JB, Liu MA. Immunization with DNA.
J Immunol Methods 1994; 176 : 145-52.

Ivory C, Chadee K. DNA vaccines: designing strategies
against parasitic infections. Genetic Vaccines Ther 2004; 2 :
17-24.

MacGregor RR, Boyer JD, Ugen KE, Lacy KE, Gluckman
SJ, Bagarazzi ML, et al. First human trial of a DNA-based
vaccine for treatment of human immunodeficiency virus type
1 infection: safety and host response. .J Infect Dis 1998; 178 :
92-100.

Le TP, Coonan KM, Hedstrom RC, Charoenvit Y, Sedegah
M, Epstein JE, et al. Safety, tolerability and humoral
immune responses after intramuscular administration
of a malaria DNA vaccine to healthy adult volunteers.
Vaccine 2000; 18 : 1893-901.

Conry R, LoBuglio A, Loechel F, Moore SE, Sumerel LA,
Barlow DL, et al. A carcinoembryonic antigen polynucleotide
vaccine for human clinical use. Cancer Gene Ther 1995; 2 :
33-8.

Tsang KY, Zaremba S, Nieroda CA, Zhu MZ, Hamilton JM,
Schlom J. Generation of human cytotoxic T cells specific
for human carcinoembryonic antigen epitopes from patients
immunized with recombinant vaccinia-CEA vaccine. J Natl
Cancer Inst 1995; 87 : 982-90.

Schleiss MR, Heineman TC. Progress toward an elusive
goal: current status of cytomegalovirus vaccines. Expert Rev
Vaccines 2005; 4 : 381-6.

Donnelly JJ, Wahren B, Liu MA. DNA vaccines: progress and
challenges. J Immunol 2005; 175 : 633-9.

Haile M, Kallenius G. Recent developments in tuberculosis
vaccines. Curr Opin Infect Dis 2005; 18 : 211-5.

Wang R, Richie TL, Baraceros MF, Rahardjo N, Gay T, Banania
JG, et al. Boosting of DNA vaccine-elicited gamma interferon
responses in humans by exposure to malaria parasites. Infect
Immune 2005; 73 : 2863-72.

U.S. Newswire: Releases: CDC, Fort Dodge Animal Health
Achieve First  Licensed DNA Vaccine; Collaboratior
Technology to Protect Horses from West Nile Viruses dated
18/7/2005.

Rocha-Zavaleta L, Alejandre JE, Garcia-carranca A. Parenteral
and oral immunization with a plasmid DNA expressing the
human papillomavirus 16- L1 gene induces systemic and
mucosal antibodies and cytotoxic T lymphocyte responses.
J Med Virol 2002; 66 : 86-95.

Leder C, Kleinschmidt JA, Wiethe C, Muller M. Enhancement
of capsid gene expression: preparing the human papillomavirus
type 16 major structural gene L1 for DNA vaccination
purposes. J Virol 2001; 75 : 9201-9.

Sheets EE, Urban RG, Crum CP, Hedley ML, Politch JA,
Gold MA, et al. Immunotherapy of human cervical high-grade
cervical intraepithelial neoplasia with microparticle-delivered
human papillomavirus 16 E7 plasmid DNA. 4m J Obstet
Gynecol 2003; 188 : 916-26.

Huang C-H, Monie A, Alvarez RD, Wu T.-C. DNA vaccines
for cervical cancer: from bench to bedside. Exp Mol Med
2007; 39 : 679-89.



55.

56.

57.

58.

BHARADWAI et al: HPV & HPV VACCINATION: ISSUES IN DEVELOPING COUNTRIES 333

Block SL, Nolan T, Sattler C, Barr E, Giacoletti KE,
Marchand CD, et al. Comparison of the immuno genicity
and reactogenicity of a prophylactic quadrivalent human
papillomavirus (types 6,11,16,18) L1 virus like particle
vaccine in male and female adolescents and young adult
women. Pediatrics 2006; 188 : 2135-45.

Goldie S. A public health approach to cervical cancer control:
considerations of screening and vaccination strategies. Int J
Gynecol Obstet 2006; 94 : S95-S105.

Stanley M, Lowy DR, Frazer 1. Prophylactic HPV vaccine:
underlying mechanisms. Vaccine 2006; 24 (Suppl 3): 106-13.

Crosbie EJ, Kitchener HC. Cervarix™ — a bivalent L1 virus
like particle vaccine for prevention of Human Papillomavirus

59.

60.

61.

type 16-and 18-associated cervical cancer. Expert Opin Biol
Ther 2007; 7 : 391-6.

Agurto I, Arrossi S, White S, Coffey P, Dzuba I, Bingham A,
et al. Involving the community in cervical cancer prevention
programs. Int J Gynecol Obstet 2005; 89 (Suppl 2): S38-S45.

Blumenthal PD, Lauterbach M, Seller JW, Sankaranarayanan
R. Training for cervical cancer prevention programs in low-
resource settings: focus on visual inspection with acetic acid and
cryotherapy. Int J Gynecol Obstet 2005; 89 (Suppl 2): S30-7.

Jacob M, Bradley J, Barone MA. Human Papillomavirus
vaccines: what does the future hold for preventing cervical
cancer in resource-poor settings through immunization
programs? Sex Transm Dis 2005; 32 : 6352-640.

Reprint requests: Prof. B.C. Das, Dr B.R. Ambedkar Center for Biomedical Research, University of Delhi (North Campus)

Delhi 110 007, India
e-mail: bedas48@hotmail.com





