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Can we use one dose of HPV vaccine 
to ensure long term protection?

The Biological 
Rationale For A One 
Dose HPV Vaccine

Although the antigens in the HPV vaccines 
are designated “virus-like particles” (VLPs) 
because they mimic the outer shell of authen-
tic HPV virions, they are generally consid-
ered to be a type of subunit vaccine in that 
they are composed of a single highly purified 
protein, in this case the L1 major capsid pro-
tein, and are entirely noninfectious.

Two doses of the HPV vaccines adminis-
tered 6- to 12-months apart is the cur-
rent recommendation for adolescents. 
What makes you think a single dose 
might be enough?
In the pre-licensure HPV vaccine trials, 
women were randomized to receive three 
doses of either the HPV vaccine or the con-
trol vaccine. Yet, not all women in the stud-
ies received all the doses. This enabled us to 

It was therefore surprising 
when post-hoc dose-stratified 
analyses from the bivalent and 
quadrivalent HPV vaccines 
efficacy trials suggested non-in-
ferior protection... (page 15) 

John T. Schiller, PhD | Bethesda, MD, United States

look at the efficacy of the HPV vaccines by 
number of doses received. We did this first 
in the Costa Rica HPV Vaccine Trial 
(CVT), which tested the bivalent HPV 
vaccine. We showed similar vaccine effi-
cacy over four years among women who 
received one, two and three doses of the 
bivalent HPV vaccine. We also observed 
durable antibody responses in single-dose 
women, which suggested... (page 4 )
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Can one dose of HPV vaccine ensure 
long term protection?
Clinical trials and vaccination programs continue to provide new insights into the potential of HPV vaccines. 
Since 2006 when the first indications for vaccine recommendations were drafted a number of issues have 
become apparent to the scientific and medical communities and are influencing the use of HPV vaccines:

1) The burden of HPV induced diseases and cancer also effects males. The relevance of genital warts 
amongst young males was well known, but the uprising trends in anal cancer incidence in both genders 
and of oropharyngeal cancer mostly amongst males in several developed countries has been 
noticeable. 
2) Some of the HPV-caused male cancer cases can be prevented because of the strong herd protec-
tion effect observed when a substantial fraction of the female population is vaccinated (i.e. by vacci-
nating greater than 50% of the female population in an extended program that included women to age 
26 in Australia). However, herd protection is lost when non-vaccinated individuals leave the herd. 

Consequently indications of routine male vaccination are gaining momentum and several popu-
lations are gradually adopting gender-neutral vaccination in the public programs.

3) The first generation vaccines, typically indicated for young girls, have proven to be almost equally 
effective amongst adult women (i.e. up to 45-50 years of age) in the per-protocol phase III trials (about 
85% vaccine efficacy) and in the intention-to-treat analyses (about 50% vaccine efficacy). 
4) The vaccination program in the Quebec province of Canada and in Mexico, both designed an inter-
esting exploratory program of 3 doses that included postponing the third dose to 5 years (0, 6, 60 
months) under strict surveillance for safety and efficacy. Over time, these programs became part of the 
rationale for a simplified two-dose vaccination scheme that was subsequently recommended by World 
Health Organization (WHO) for girls under 15 years of age.
5) The cost of the vaccines for public programs has been dramatically reduced from the initial prices 
in 2006 and tender negotiations are commonplace in developed countries and to some extent to 
middle income developing populations.

Consequently regulatory agencies in Europe recommend female vaccination ages 9+ without an 
upper age limit (the US maintained the upper limits of age according to the results of Phase III trials) 
and two-dose regimes for young girls are generalized.

6) The most visible early impact of generalized vaccination has been, as expected, the reduction of 
HPV infections and soon after, the reduction of cellular abnormalities (Low-grade Squamous Intraepi-
thelial Lesions (LSIL) and High-grade Squamous Intraepithelial Lesions (HSIL)) related to HPV16 and 
18. The Australian example clearly illustrates that by extending the vaccination program to age 26 the 
impact on HSIL can be perceived within the first decade.
7) The dramatic reduction in HPV type specific infections and lesions, prompted the redesigning of 
the screening programs. 
8) Models also anticipate that by extending to at least a few cohorts the number of vaccinated 
women, the time to effect is shortened.

Consequently many countries are considering extending the routine programs to include sev-
eral catch up cohorts and reshaping their screening programs to rely on HPV tests as the first 
screening tool and to simplify the screening requirements (i.e. less frequent lifetime screens) 
without compromising safety.
Two areas of great Public Health interest in cervical cancer prevention research currently include: 

a) The value of self-sampling for HPV screening in developing and developed populations and 
b) The opportunities of offering long term protection with one dose vaccination across age groups. 

The former was addressed in the first issue of HPVWORLD (see www.hpvworld.com) and the latter is the 
object of this issue. It seems plausible that one-dose vaccination programs result in an increased vaccina-
tion uptake and compliance while reducing costs, thus facilitating deployment in developing countries. 
However, the proposal needs to be stringently tested under trial conditions before embarking on “one-dose 
HPV vaccination programs”. The prospects of finding too late that one dose is insufficient to maintain long 
term protection and that a booster is required (i.e. after several generations are informed of and vaccinated 
with a scheduled one dose) would be logistically challenging and may probably end up mean eroding the 
public trust in the global campaign. 
Consequently several carefully designed trials are under way and results are awaited in the 
coming years. 
In the main time, extending the vaccination programs to developing countries, increasing coverage in 
gender neutral programs and continued monitoring of vaccine efficacy and safety remain a significant task 
to which this newsletter will be proactively contributing.

Xavier Bosch  
Scientific and project coordinator HPV WORLD
x.bosch@iconcologia.net
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Interview with:

Why is HPV vaccination important?
Cervical cancer affects more than half a 
million women annually, with 88% of mor-
tality occurring in low-income nations, 
where cervical cancer is a leading cause of 
cancer death among women. Sadly, if cur-
rent trends go unabated, the number of 
cases is expected to increase due to popula-
tion growth alone. Yet, we have the tools to 
interrupt this devastating trajectory. 

In May 2017, the 70th World Health 
Assembly endorsed an updated list of evi-
dence-based interventions for some of the 
deadliest diseases, including cancer. Of 88 
proposed interventions, 16 were considered 
the most cost-effective and feasible for 
implementation-- vaccinating girls aged 
9-13 years against HPV and screening 
women aged 30-49 years for cervical cancer 
made this important list.

It is our greatest hope that governments 
can facilitate the implementation of these 
life-saving measures. But, HPV vaccine 
uptake and cervical cancer screening 
implementation has been poor in many 
world regions. The f irst issue of HPV 
WORLD focused on bringing cervical 
cancer screening via HPV detection 
methods to emerging economies. This 
present issue focuses on HPV vaccina-
tion, and presents the state-of-the-sci-
ence a round its  use ,  ba r r iers ,  and 
promising data that suggest a single dose, 
which would ease finance and infrastruc-
ture requirements, may be sufficient.

Two doses of the HPV vaccines admin-
istered 6- to 12-months apart is the 
current recommendation for adoles-
cents. What makes you think a single 
dose might be enough?

In the pre-licensure HPV vaccine trials, 
women were randomized to receive 
three doses of either the HPV vaccine 
or the control vaccine. Yet, not a l l 
women in the studies received all the 
doses. This enabled us to look at the 
efficacy of the HPV vaccines by number 
of doses received. We did this f irst in 
the Costa R ica HPV Vaccine Tria l 
(CVT), which tested the bivalent HPV 
vaccine. We showed similar vaccine 
eff icacy over four years among women 
who received one, two and three doses 
of the bivalent HPV vaccine. We also 
observed durable antibody responses in 
single-dose women, which suggested 
the observed eff icacy may be real. Our 
conf idence in this f inding grew when 
similar results were observed in the 
industry-sponsored PATRICIA trial. 

We are a lso excited about the new 
48-month data from an interrupted 
post-licensure trial in India that utilized 
the quadrivalent HPV vaccine. Again, 
similar protection against HPV16/18 cer-
vical infection was observed regardless of 
number of vaccine doses. The compilation 
of the data is compelling and led us to 
hypothesize that one dose may be enough. 

Senior Investigator, Infections & Immunoepidemiology Branch  | Division of Cancer Epidemiology and Genetics 
National Cancer Institute (NCI) | Bethesda, MD, United States
kreimera@mail.nih.gov

Moreover, in the CVT long-term fol-
low-up, we now have data out to seven 
years following initial vaccination showing 
that women who received only one dose of 
the HPV vaccine are still similarly pro-
tected against HPV16/18 infections as 
those who received two or three doses. 

So, what is some of the newest research 
that will test the hypothesis that one-
dose of the HPV vaccines may provide 
durable protection?
Several new trials have been initiated to 
directly evaluate the hypothesis of the pro-
tection afforded by one-dose schedules of 
the HPV vaccines. The US NCI, again in 
collaboration with the Costa Rica Agencia 
C osta r r icense de Invest ig ac iones 
Biomédicas, will conduct a large, 20,000 
subject, randomized, controlled, trial (Clin-
icalTrials.gov identifier: NCT03180034; 
PIs: Aimée R Kreimer and Paula Gonzalez) 
in Costa Rica, with two of the licensed 
HPV vaccines: the first-generation bivalent 
vaccine Cervarix® (GlaxoSmithKline 
[GSK]) and the second-generation nonava-
lent vaccine Gardasil9® (Merck). The main 
goals of the trial are to evaluate whether, in 
adolescent girls, one dose or two doses of the 
bivalent or nonavalent vaccines can confer 
strong, durable protection against persistent 
HPV infections. Virologic endpoints are 
necessary in the evaluation of a one-dose 
schedule, as the antibody levels are inferior 
to that of two doses, and, as yet, we do not 
know the minimum level required for pro-
tection. Separately for each vaccine, one-
dose will be compared to the two-dose 
regimen in a formal randomized trial. Anal-
yses will also be conducted to estimate vac-
cine efficacy versus no vaccination using a 
concurrent population survey of comparable, 
unvaccinated age-matched females in the 
same region, who will be tested for HPV 

Of 88 proposed inter ven-
tions, 16 were considered the 
most cost-effective and feasi-
ble for implementation-- vac-
cinating girls aged 9-13 years 
against HPV and screening 
women aged 30-49 years for 
cer v ica l cancer made this 
important list.

Year 1 No. 17
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Senior Investigator, Infections & Immunoepidemiology Branch  | Division of Cancer Epidemiology and Genetics 
National Cancer Institute (NCI) | Bethesda, MD, United States
kreimera@mail.nih.gov

Moreover, in the CVT long-
term follow-up, we now have 
data out to seven years follow-
ing initial vaccination show-
ing that women who received 
only one dose of the HPV vac-
cine are still similarly pro-
tected aga inst HPV16/18 
i n f e c t ion s  a s  t ho s e  w ho 
received two or three doses. 

DNA and then immediately vaccinated. The 
trial is intended to provide the level of proof 
required to modify public health policies.

Complementary to this large effort are three 
immunogenicity trials. The first is the 
DORIS trial in Tanzania (PI: Deborah 
Watson-Jones). This study will randomize 
900 girls to six arms (one, two and three 
doses of the bivalent or nonavalent HPV vac-
cines). Girls in this trial will be followed for 
three years and will have blood collected and 
tested for HPV antibody levels. The main 
goal is to document non-inferiority of HPV 
seropositivity comparing girls who received 
one to three doses. In the Gambia a similar 
study is being implemented using the nonava-
lent HPV vaccine only, which will also look 
at reduced dose schedules in younger females 
(PI: Ed Clarke). Finally, there is a US-based 
HPV vaccine trial that aims to evaluate a 
two-year deferred dosing schedule, but in 
doing so, will also be able to assess short-term 
HPV antibody levels  among girls and boys 
who received one dose of the nonavalent 
HPV vaccine (Protocol Co-PIs: Anna-Bar-
bara Moscicki and Yi Zeng). Several immu-
nobridging studies are planned with these 
immunogenicity-only studies, in that serol-
ogy samples from the trials will be tested with 
samples from the existing and new Costa 
Rica HPV vaccine trials. If one-dose protec-
tion is documented using virologic endpoints 
in the Costa Rica trial for either or both HPV 
vaccines, and non-inferiority in antibody 
levels is observed in immunogenicity studies, 
we can immunobridge the efficacy findings in 
the Costa Rica study to other populations 
around the world. 

We will also continue to follow the initial 
one-dose women from Costa Rica, as the 
India study will as well, so that the field 
can continue to investigate and document 
the duration of protection from a one-
dose regimen.

What will the audience of HPV WORLD 
read about in this issue? 
First, Dr. Bruni will share her newest data 
on the uptake of HPV vaccination by world 
region. Despite these vaccines being initially 
approved more than a decade ago, less than 
10% of adolescent girls have been vacci-
nated, even with a single dose. She also 
points out that the world regions with the 
greatest cervical cancer disease burden have 
introduced HPV vaccination to a lesser 
degree. Next, Drs. LaMontagne, Galla-
gher and Watson-Jones provide context for 
the perceived lag in HPV vaccine uptake, 
and challenge us to consider key issues 
related to broad vaccine implementation. 
Importantly, the authors contrast HPV vac-
cine uptake with that of other recent vac-
cines, and present ongoing barriers. As price 
remains an important consideration, adop-
tion of a one-dose HPV vaccination sched-
ule may be part of the solution.

We then move on to multiple articles focused 
on the biological rationale and existing evi-
dence around the protection afforded by one-
dose HPV vaccination. Dr. Schiller 
presents, from both the immunologic and 
virologic perspectives, the rationale why one-
dose of a subunit vaccination may actually 
work, challenging the current science that a 
prime-boost regimen is required for durable 
immunity. Then, Drs. Sankaranarayanan, 
Gonzalez and colleagues present non-ran-
domized data from phase 3 trials on the effi-
cacy/effectiveness of one-dose regimens- these 
are the main data that continue to drive the 
field towards the continued evaluation of 
single dose HPV regimens. Drs. Brisson, 
Drolet and Markowitz present post-licen-
sure vaccine effectiveness data, by number of 
doses received, from national immunization 
programs.  Critical insights on vaccine pro-
tection for the recommended dosing regimen 
have been garnered using post-licensure data. 
Yet, the authors present important caveats to 
using these data sources for understanding 
dose-stratified, individual-level efficacy, 

given the biases present in the reduced-dose 
recipients and the complexities in the analy-
sis to control for prevalent HPV infections at 
time of initial vaccination.

Dr. Kim then addresses the important ques-
tion: what if a single dose isn’t as good as two 
doses? She uses modeling to inform popula-
tion-level reductions in HPV prevalence 
under varying scenarios of an inferior one-
dose HPV vaccine. Based on her work, there 
are multiple aspects of a vaccine program 
that can compensate for reduced efficacy- 
this is especially true when the comparison is 
reframed to illustrate the potential gains 
from one-dose HPV vaccine introduction 
can be compared to no HPV vaccination.

This issue closes with  Drs. Shiffman and 
Wentzensen discussing opportunities to 
merge single-dose HPV vaccination with 
HPV screen and treat approaches (see the 
previous issue of HPVWORLD for a 
reminder), and with Dr. Dull presenting 
the perspective from the Bill & Melinda 
Gates Foundation for accelerating the 
potential HPV vaccine impact.

One overarching goal for the HPV vaccine 
research community is to generate evidence 
that will translate to expanded access to this 
vaccine. The compilation of articles in this 
issue of HPV WORLD highlights the col-
laborative efforts of our scientists moving 
toward this shared goal of faster cervical 
cancer eradication. I hope you enjoy reading 
this issue of HPV WORLD as much as we 
enjoyed writing it! 
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Global vaccine  
uptake and projected 

cervical cancer 
disease reductions

Since HPV vaccines f irst licensure in 
2006, at least 82 (42%) countries have 
included HPV vaccines in their national 
immunization programmes (Table 1). The 
introduction has been progressive, pre-
dominantly in high-income western 
countries first, followed by Latin Ameri-
can countries alongside scattered coun-
tries from the remainder of the regions. 
The introduction of this vaccine has been 
especia l ly chal lenging due to issues 
including initial high prices, a non-infant 
population target, sensitivities around the 
sexual transmission of the infection, and 
the involvement of numerous unique 
stakeholders, many from cancer control 
and women’s health fields not previously 
familiar with immunizations [1]. Its addi-
tion to the national schedules of so many 
countries can be thus considered a signif-
icant achievement.

Yet, there is still a marked imbalance 
between where most of the cervical cancer 
burden lies versus where most of these 
national prevention efforts are led. At 
present, 70% of current cervical cancer 
cases occur in countries that have not yet 
introduced HPV vaccination (Table 1). 
Lower-middle and low income countries 
(LMLIC) share more than half (40% and 
16%, respectively) of the current cervical 
cancer burden. Remarkably, almost all (95 

and 93%, respectively) of these cancer 
cases happen in LMLIC countries that do 
not currently have national HPV immuni-
zation programs (Figure 1). This burden is 
expected to soar in the coming years based 
on population growth forecasts alone. 
While there have been several HPV vac-
cine demonstration projects conducted in 
LMLIC (both GAVI and non-GAVI ini-
tiatives), few countries have scaled up to 
national programs [2,3]. Thus, most 
LMLIC women remain fully unprotected 
against cervical cancer, due not only to the 
lack of national HPV immunization pro-
grams, but also the lack of effective 
screening programs.

It is important to quantitate the status of 
HPV vaccination by world region as a 
means of continuous monitoring of HPV 
prevention efforts and their potential 
impact for global disease reduction. 

Laia Bruni, MD, MPH, PhD
Head of Unit
Unit of Infections and Cancer-information and interventions, 
Cancer Epidemiology Research Program
Catalan Institute of Oncology (ICO) 
Hospitalet de Llobregat, Spain
lbruni@iconcologia.net

Using data accumulated by the end of 
2014, we estimated that 59 mil l ion 
females had received at least one dose of 
HPV vaccine (8.2% of girls aged 10-14 
years; and 7.1% of girls aged 15 to 19 
worldwide) [4]

There continue to be profound differences in 
the number of vaccinated girls by income 
level (Figure 2A). Among 10 to 14 years old, 
32.0%, 15.2%, 0.2% and 1.0% had received 
at least one dose of HPV vaccine in high, 
upper-middle, lower-middle and low income 
countries, respectively. At older ages, high 
income countries account for most of the 
vaccinated females, with an estimated cover-
age of 48.9% among 15-19 years old, whereas 
in upper-middle income countries the statis-
tic was 3.5%. High income countries tend to 
vaccinate girls across a broader age range and 
target the largest proportion of girls; conse-
quently, they accumulate the highest absolute 
number of vaccinated girls (42.6 millions) 
even though they have a dramatically smaller 
population of females. 

While in 2014 low and middle income 
countries (LMIC) tended to target one 
single cohort of younger aged girls, new 
recommendations that endorse targeting 
of multiple age cohorts at HPV vaccine 
introduction will likely change the initial 
approach moving forward [5]. LMIC 

Using data accumulated by 
the end of 2014, we estimated 
that 59 million females had 
received at least one dose of 
HPV vaccine (8.2% of girls 
aged 10-14 years; and 7.1% of 
girls aged 15 to 19 worldwide) 

Year 1 No. 18
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Table I:
  Countries including HPV Vaccine in their National Immunization programs by year of introduction.

Distribution of cervical cancer cases by income level and HPV vaccine introduction in National Immunization schedules. Annual cervical cancer cases estimated for 

2012 (IARC Globocan 2012).

Figure I:
Number and proportion (%) of cervical cancer cases cancer cases by income level
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Based on [4]. Methods comprised the compilation of the most comprehensive database to date on publicly-funded National HPV Immunization Programmes, the conversion of 

all retrieved coverages from multiple sources into birth cohort specific coverage, design of an imputation algorithm to treat missing data, and the use of global population 

estimates. To approximate the expected reduction on cervical cancer in vaccinated cohorts we further applied current cancer statistics to population projections.  

A) Vaccinated and unvaccinated female population 

  Figure 2
Vaccinated female population and cervical cancer cases averted before age 75 years by 

income and age group in women targeted by HPV vaccination programmes by the end of 2014

B) Cumulative number of expected cervical cancer cases averted up to age 75 years, assuming 
70% vaccine effectiveness
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Panel A shows by 5 years age groups and by income the 10 to 29 years old female population, the number of female targeted by a National 

HPV vaccination program, and the number of female who finally received at least one dose of the HPV vaccine by the end of 2014. For 

example, from the 42 million girls aged 10-14 years in high-income countries (grey bar), 25 million had been targeted for HPV vaccination at 

least once until 2014 (pink bar) but only 15 million received at least one dose (bordeaux bar). As bars are superimposed, the visible portion 

of the red bar represents therefore missed vaccination opportunities (the difference between targeted and vaccinated women).

Panel B shows for these same populations of panel A the number of expected cervical cancers by the age of 75 based on current estimates 

and population forecasts (dark blue bar). The light blue bar represents the fraction of cases that would be averted taking into account only 

estimated vaccinated females until the end of 2014, and assuming 70% effectiveness and long-term protection of one dose vaccination.
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count r ie s  vacc inated 16 .6 mi l l ion 
females, although most of them were 
from upper-middle income countries of 
Latin America. Despite these impressive 
figures on the global absolute number of 
vaccinees, most of the world ’s female 
population remains unprotected. For the 
time being, more than 90% of the ~600 
million females aged 10-19 fall outside 
HPV vaccination programs (visible part 
of grey bars in Figure 2A) and few will 
have the opportunity to receive HPV 
vaccination in the near future unless mul-
tiple age-cohort vaccination is introduced 
or extensive catch-up campaigns are con-
ducted, which is not expected.

These low global coverage f igures and 
disparities on cervical cancer burden 
directly affect the expected impact in 
future cervical cancer cases (Figure 2B). 

For the next 65 years, in a non-vaccine 
scenario we would roughly expect 19 mil-

lion cases and 10 million deaths from 
cervical cancer in women currently aged 
10-29.The est imate is generated by 
directly applying current cervical cancer 
rates to population projections. 

Taking into account the 2014 vaccination 
coverage rates, we calculated that from 
t h i s  e x p e c t e d  b u r d e n ,  a b o u t 
365,000 cases and 150,000 deaths would 
already be averted in these same womena 
aged 10-29 who received at least a single 
dose of the HPV vaccines by 2014, 
assuming life-long protection and 70% 
vaccine effectiveness. (i.e.: a 100% effica-
cious vaccine that covers 70% of the HPV 
types that cause cervical cancers). 

Remarkably, as a result of a higher cervical 
cancer incidence and mortality rates, vacci-
nating less than half of the vaccine-age-el-
igible girls in upper-middle income 
countries would prevent more cases and 
deaths than in high-income countries. Still, 
expected cases largely outnumber the pre-
vented ones in all income levels, and 
LMLIC women will disproportionately 
harbor most of the future cases.

Conclusion
In the first 10 years of HPV vaccination, 

many countries have made substantial 
efforts to introduce and expand HPV vac-
cination programs. However, the expected 
global impact presents marked disparities 
by geographical region and income level, 
determined by large differences in vaccine 
introduction, coverage and disease burden 
across countries. A significant number of 
cervical cancer cases will continue to be 
diagnosed for the next 50 years, mostly 
from unvaccinated and under-screened 
populations. Efforts need to continue to 
expand vaccination globally, but it is also 
indispensable to increase uptake in those 
countries already vaccinating. If eff ica-
cious and durable, a one-dose regimen 
may help reach these goals. 
 

A b out  3 6 5, 0 0 0  [c e r v ic a l 
cancer] cases and 150,0 0 0 
de at hs  wou ld a l re a dy b e 
averted in the same women 
aged 10-29 who received at 
least a single dose of HPV 
vaccines by 2014, assuming 
life-long protections and 70% 
vaccine effectiveness

For the next 65 years, in a 
non-v a cc i ne scena r io we 
would roughly expect 19 mil-
l ion cases and 10 mil l ion 
deaths from cervical

https://www.nature.com/articles/nrdp201686
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Why has global HPV 
vaccine uptake lagged? 
A contextual reframing 
of vaccine introduction

Vaccines against cervical cancer and other 
diseases caused by human papillomaviruses 
have been licensed for use since 2006. 
There have been concerns that introduction 
of HPV vaccines in low and middle-income 
countries (LMICs) – which account for 
more than 85% of all cases of cervical 
cancer – has lagged behind the adoption of 
other new life-saving vaccines, such as rota-
virus (ROTA) and pneumococcal (PCV) 
vaccines. This paper will challenge the 
notion that HPV vaccine is lagging behind 
other vaccines by contextualizing the 
mechanisms of introduction in place for 
ROTA and PCV, which were absent for 
HPV. Five key factors are discussed: price, 
financial markets, access models, timing, 
and hesitancy by global partners.

1. Price
When first commercialized in 2006, HPV 
vaccines were the most expensive vaccines 

in the global marketplace: prices per dose 
averaged US$130 (three-dose schedule). By 
comparison, when released for commercial 
use in 2009, ROTA vaccines were US$83 
per dose (two-dose schedule) and US$57 
per dose (three-dose schedule). PCV7 was 
US$71 per dose (three-dose schedule). 

For LMICs, there are global vaccine financ-
ing and procurement mechanisms in place 
through Gavi, the Vaccine Alliance and the 
PAHO Revolving Fund for countries in the 
Americas. Gavi negotiated bulk procure-
ment of ROTA vaccine (2010) around the 
same time of the global recommendation for 
introduction by WHO (2009). The 2012 
procurement price of US$5.00 for the two-
dose version (Rotarix®, GSK), with co-fi-
nancing as low as US$0.20 per dose, was a 
significant achievement for affordability. 
Introductions of ROTA vaccines in LMICs 
through Gavi began in 2010.
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The procurement of PCV vaccines through 
Gavi involved an innovative f inancing 
mechanism called Advance Market Com-
mitment (AMC) [1]. Donor funding guar-
antees for PCV vacc ine purchases 
incentivize manufacturers to produce the 
supply needed; Gavi then ensures country 
access and uptake of these vaccines. This 
agreement was finalized in 2009, two years 
after the original WHO position paper on 
pneumococcal vaccines (2007). LMIC 
introductions of PCV began in 2010.
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Even though the vaccine was 
available in 2006 and WHO 
made a global recommenda-
tion for use in 2009, price 
negotiations between Gavi 
and the manufacturers con-
cluded in 2012
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PCV7: 7-valent pneumococcal conjugate vaccine. Rota: rotavirus vaccine. PCV10: 10-valent pneumococcal conjugate vaccine. PCV13: 13-valent pneumococcal 

conjugate vaccine. HPV2: 2-valent HPV vaccine. HPV4: 4-valent HPV vaccine. HIC: High income countries. UMIC: Upper- middle income countries. LMIC: Lower- middle 

income countries. LIC: Low income countries.

For HPV, even though the vaccine was 
available in 2006 and WHO made a 
global recommendation for use in 2009, 
price negotiations between Gavi and the 
manufacturers concluded in 2012, result-
ing in the procurement price for Gavi at 
US$4.50 per dose (Merck, quadrivalent 
HPV vaccine) and US$4.60 per dose 
(GSK, bivalent HPV vaccine). Introduc-
tions of HPV vaccines in LMICs through 
Gavi began in 2013.

2. Healthy financial markets
In advance of Gavi’s price negotiations for 
ROTA vaccine and the AMC mechanism 
for PCV vaccines, the global f inancial 
markets were strong and predicted to con-
tinue to grow. However, an extraordinary 
economic recession occurred towards the 
end of the first decade of the 21st century. 

As Gavi relies on donors to provide the 
funds for them to procure vaccines, the 
collapse of the markets also reduced new 
funds for new vaccine procurement. Gavi 
could not secure any new guarantees of 
additional funding from donors for them 
to begin negotiations with HPV vaccine 
manufacturers. It took 4 years for the 
economic situation to improve whereby 
Gavi was able to secure funding for pur-
chasing HPV vaccines.

3. Access Models
The Accelerated Development and Intro-
duction Plans (ADIPs) were created in 
2002, with significant funding from the 
Bill & Melinda Gates Foundation and 
Gavi, to accelerate the development and 
rapid introduction of both ROTA and 
PCV in LMICs [2] (Figure 1). 

HPV vaccine did not have an ADIP for 
rapid introduction or an innovative financ-
ing model like the AMC for PCV. HPV 
vaccine was also seen as “different” from 
childhood vaccines since the target popula-
tion recommended for vaccination by 
WHO were girls aged 9 to 13 years. 
National and international partners were 
concerned about the acceptability of the 
vaccine among parents and girls, the feasi-
bility of vaccine delivery in a non-infant 
population, and program affordability. To 
encourage successful national introduction 
of HPV vaccines, countries securing HPV 
vaccine from Gavi had to first demonstrate 
their readiness to deliver the vaccine 
through a two-year ‘demonstration project’ 
in at least one district of the country. Direct 
national introduction was only available for 
countries with experience of delivering a 

Figure 1 
 Percentage of countries that have introduced new vaccines by country income group, 2000-2016



HPV WORLD / 12 

multi-dose vaccine to adolescents. In real-
ity, few countries were eligible to apply to 
Gavi for national introduction of HPV in 
2013, and most had to first conduct a two-
year demonstration program (Figure 1).

It should be noted that LMICs also 
gained critical experience in delivering 
HPV vaccines through more than 60 dif-
ferent non-Gavi HPV vaccine ‘demonstra-
t ion projec ts ’  ac ross  40 count r ies 
supported by the Gardasil Access Pro-
gram (Merck), manufacturer donations to 
non-governmental organizations (NGOs) 
and governments, and support from 
PATH, the Australian Cervical Cancer 
Foundation, amongst others [3]

4. Timing
When analyzing the rate of national vac-
cine introductions for ROTA, PCV, and 
HPV vaccines the timing of the WHO’s 
global policy recommendations, the avail-
ability of affordable pricing from manufac-
turers and the availability of sustainable 
introduction models facilitated and funded 
by Gavi and donors, should be considered.

For the 11-year period of ROTA vaccine 
availability, 85 introductions have occurred: 
37 in high- and upper-middle income 
countries and 48 in LMICs [4] (Figure 1). 
Among LMICs, initial scale up occurred 
from 2006 (the first year of Gavi support to 
countries), with accelerated introductions 
occurring from 2010 to 2016. For the 
17-year period of PCV availability, 140 
introductions have occurred: 76 in high- 
and upper-middle income countries and 64 
in LMICs [4]. Similar to ROTA vaccines, 
rapid scale up in LMICs was greatly 
enhanced after the AMC mechanism 
became available in 2010.
 
During the 10 years of HPV vaccine 
availability, 74 high- and upper-middle 
income countries and 12 LMICs have 
introduced nationally. However, in real-
ity the availabil ity of the vaccine in 

LMICs did not materialize until 2013 
and then was restricted largely to only 
demonstration programs. The context of 
the Gavi-funded mechanism would sug-
gest the starting point for expected 
national scale up could be no earlier than 
2015. Recent changes to Gavi’s program 
model and new projections of country 
uptake suggest that by 2019, 40 LMICs 
wi l l  have introduced HPV vaccine 
(Figure 1). The pace of introductions for 
HPV is starting to increase.

5. Global hesitancy
In contrast to ROTA and PCV, HPV vac-
cines did not get immediate and enthusias-
tic prioritization by global partners who 
influence country decisions. Instead, global 
conversations were cautious: HPV is 
expensive; HPV is different; acceptability 
and adherence may be low; delivery to ado-
lescents will be difficult; cervical cancer is 
not a priority; HPV vaccination introduc-
tion should be undertaken slowly [5]. 

An alternative framing of HPV vaccine 
uptake
Now might be the time to reconsider how 
we view HPV vaccine uptake in LMICs. 
Has it really lagged? On the surface, one 
could just look at the numbers; however, 
broader analysis of the context and mecha-
nisms that allow for successful new vaccine 
introductions in LMICs may lead us to a 
different conclusion. 

HPV vaccine uptake may prove to be 
similar to ROTA vaccine, if we compare 
the same time period of vaccine accessi-
bility starting in 2010 for ROTA and 
2015 for HPV. Over the past seven years, 
58% of LMICs have introduced ROTA 
vaccine; seven years from 2015, 50% of 
LMICs are expected to introduce HPV 
vaccine (Figure 1).

Despite barriers to access and an unex-
pected financial crisis, NGOs, donors and 
others provided unique avenues for 45 dif-

ferent LMICs to gain experience with 
HPV vaccines. Lessons were learned 
about how to increase the acceptability 
and feasibility of delivery to young adoles-
cent girls [3]. The grassroots demand for 
HPV vaccine is strong. Local organiza-
tions, country advocates, national govern-
ments, and political leaders of LMICs 
have voiced their support and expressed 
the desire to prevent cervical cancer 
through HPV vaccination [3]. They see 
the consequences of this disease in their 
everyday lives – their mothers, sisters, 
aunties, grandmothers, and neighbors suf-
fering unnecessarily. It is now up to the 
global community to continue to make 
this life-saving vaccine available.  
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Although the antigens in the HPV vac-
cines are designated “virus-like particles” 
(VLPs) because they mimic the outer 
shell of authentic HPV virions, they are 
generally considered to be a type of sub-
unit vaccine in that they are composed of 
a single highly purif ied protein, in this 
case the L1 major capsid protein, and are 
entirely noninfectious. 

All licensed subunit vaccines are admin-
istered in multi-dose prime/ boost regi-
mens. It was therefore surprising when 
post-hoc dose-stratified analyses from the 
bivalent and quadrivalent HPV vaccines 
efficacy trials suggested non-inferior pro-
tection from incident infection by vac-
cine-targeted HPV t ypes in young 
women who received only a single prim-
ing dose compared to the per protocol 
three-dose series [1,2].

Although there was no indication that 
r isk of HPV acquisit ion differed by 
number of vaccine doses received, the 
fact that the women were not random-
ized to receive less than three doses 
raises the possibility that differences in 
HPV exposure or other factors in the 
dose groups cou ld bias the resu lts. 
Before embarking on a large trial to rig-
orously evaluate the efficacy of less than 
three doses of the HPV vaccines, it 
therefore seems prudent to consider if it 

is biologically plausible that the HPV 
vaccines could be effective after a single 
dose, whereas other subunit vaccines are 
not. It is reassuring that consideration of 
both immunologic and virologic factors 
support the exceptional efficacy of HPV 
vaccines, even after a single dose. 

Immunologic Factors. 
The most compelling support for the con-
jecture that HPV vaccines will induce 
long term protection after a single dose 
are the findings that the vaccines induce 
strong and durable neutralizing antibody 
responses against the targeted types in 
essentially all one dose recipients.
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For the bivalent HPV vaccine, the geo-
metric mean of antibody titers (GMT) 
after four years were only four-fold lower 
in one dose compared to three-dose recip-
ients [3] (Figure 1), and this ratio has 
been maintained out to seven years [4]. 
For the quadrivalent HPV vaccine, simi-
lar differences between the antibody 
levels in the one- and three-dose recipi-
ents were reported in a three-year interim 
analysis. Direct comparison between the 
levels induced by these vaccines among 
one-dose recipients is currently not possi-
ble because different assays were used to 
quantify the antibody responses. The 
exceptional immunogenicity of HPV vac-
cines can largely be attributed to the 
structure of the HPV vaccine antigen. 
Typical subunit vaccines are composed of 
monomeric or low valence multimeric 
proteins or carbohydrate/protein conju-
gates. In contrast, HPV VLPs are com-
posed of 360 ordered protein subunits 
that form a particulate 55nm structure 
displaying a repetitive array of epitopes on 
their surface. The engagement of these 
repetitive elements by the B-cell receptors 
(BCRs) on naïve B-cells is believed to 
transmit exceptionally strong activation 
and survival signals to the cells leading to 
consistent induction of memory B-cells, 
and, most importantly, long lived plasma 
cells (LLPCs) that continuously produce 
antibodies for many years [5] (Figure 2). 

The Biological 
Rationale For A One 
Dose HPV Vaccine

It was therefore surprising 
when post-hoc dose-stratified 
analyses from the bivalent 
and quadrivalent HPV vac-
cines efficacy trials suggested 
non-inferior protection from 
incident infection by vac-
cine-targeted HPV types in 
young women who received 
only a single priming dose 
compared to the per protocol 
three-dose series
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Epitope spacing of 50-100Å appears to 
be critical. This spacing is commonly 
found on microbial surfaces but not on 
body surfaces normally exposed to the 
systemic immune system. The particulate 
and repetitive structure of VLPs likely 
contributes to B-cell immunity in several 
additional ways. Particles of this size effi-
ciently traffic to lymph nodes and are also 
efficiently phagocytized by antigen pre-
senting cells for the initiation of immune 
responses and the generation of cognate 
T helper cells. The poly-valence of VLPs 
also leads to stable binding of nature low 
avidity IgM and complement, promoting 
their acquisition by follicular dendritic 
cells, which are key components in induc-
ing humoral immune responses in the 
lymph node. Note that the hepatitis B 
vaccine is also considered a VLP but 
appears to be much less immunogenic 
after a single dose, perhaps because it has 
a fewer subunits and/or because they float 
in a lipid bilayer. 

To summarize, by mimicking the key 
structural features of authentic viruses, 

the HPV VLPs consistent ly induce 
potent  a nd long  l a s t ing  hu mora l 
responses that more closely resemble the 
anti-virion responses to an acute virus 
infection or a single dose of a live-atten-
uated virus vaccine than the response to 
simple subunit vaccines. 

Virologic Factors. 
Several virologic factors also likely contrib-
ute to the exceptional efficacy of the HPV 
vaccines. First, Papillomaviruses (PVs) have 
an unusual life cycle that is entirely con-
fined to a stratified squamous epithelium. 
By producing their virions in the superficial 
layers and shedding them from the epithe-
lial surface, the viruses minimize exposure 
of these highly immunogenic structures to 
the systemic immune system, and thereby 

can persistently produce infectious virions 
that are not subject to inactivation by neu-
tralizing antibodies. Overall, PVs have 
evolved to maintain immune ignorance 
rather than evolving mechanisms to actively 
counteract systemic immunity. This mech-
anism of immune escape can be easily over-
come by parenteral injection of the VLPs.
 
Second, studies in animal models have 
found that the mechanism that the viruses 
use to infect their target tissues make them 
exceptionally susceptible to vaccine-in-
duced virion neutralizing antibodies [6]. To 
initiate infection, the virions must bind to 
specifically modified forms of heparan sul-
fate restricted to the basement membrane 
in normal tissue (Figure 1). Exposure of 
the basement membrane requires epithelial 
disruption. Direct exudation of systemic 
antibodies occurs at these sites, such that 
the virions are subject to an increasing gra-
dient of antibody concentration as they 
approach their binding site. Basement 
membrane binding initiates a series of con-
formational changes that are required for 
exposure of the keratinocyte receptor-bind-

By mimicking the key struc-
tural features of authentic 
viruses, the HPV VLPs consis-
tently induce potent and long 
lasting humoral responses

 Geometric mean antibody titers (GMT) HPV16 VLP ELISA results by number of vaccine doses from a post-hoc analysis of the Costa Rica HPV vaccine Trial of 18-25 year old 

women. Natural infection are the GMT levels of seropositive women at enrollment.  Adapted from [3]. 

Figure 1
One dose of Cervarix induces durable serum antibodies
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ing site on the virion surface (Figure 3). 
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lating antibodies that are 100-fold lower than 
the minimum detected in in vitro assays are 
sufficient to protect from high-dose cervico-
vaginal challenge in vivo, implying that there 
are potent mechanisms of antibody-mediated 
infection inhibition that are not measured in 
vitro [7]. In light of these observations, it is 
not surprising that the four-fold lower long-
term antibody titers in one-dose recipients 
did not diminish the apparent protective effi-
cacy of the HPV vaccines. 

The slow kinetics of infection, 
much slower than for other 
well-characterized viruses, pro-
vides an exceptional length of 
time for vaccine-induced anti-
bodies to disrupt the process.

Figure 2 
B-Cell Recognition of Dense Repetitive Protein Arrays Promotes the Induction of Exceptionally Potent Antibody Responses
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Figure 3
 In Vivo murine model of cervicovaginal HPV Infection

A disrupted epithelium is depicted. The L2 minor capsid protein is cleaved by furin after a heparan sulfate proteoglycan (HSPG) binding-induced conformational 

change in the capsid, as shown in pink. This results in the exposure of the keratinocyte receptor-binding site on the surface of the virion. 
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Single-dose efficacy using the bivalent HPV vaccine: 

Post-hoc results from two phase 
3 randomized clinical trials 

The Costa Rica Vaccine Trial and PATRICIA trial

The Costa Rica HPV Vaccine Trial (CVT), 
a phase 3 randomized clinical trial that was 
initiated prior to licensure of the HPV vac-
cines, provided the first indication that one 
dose of the HPV vaccine might provide pro-
tection against HPV16/18 infections. 
Although the intention was to give all 
women in our trial three doses of the HPV 
vaccine (or control vaccine), 20% of women 
did not receive the full three-dose regimen, 
mostly due to either pregnancy or colpos-
copy referral. In 2011, we showed that, in 
terms of the primary endpoint of persistent 
HPV infection, a single dose of the bivalent 
HPV vaccine was just as efficacious as three 
doses of the vaccine during the first four 
years of the trial [1]. These findings were 
confirmed by the PATRICIA trial [2] 
(Figure 1). We also showed that the anti-
body levels after a single vaccine dose, 
although lower than levels elicited by three 
doses, were  nine-times higher than levels 
elicited by natural infection [3]; importantly, 
the antibody levels were essentially constant 
over time, suggesting that the observed pro-
tection provided by a single dose might con-

tinue to last. To document long-term 
protection by number of doses received, we 
extended the follow-up of CVT participants 
for a total of 10 years [4]. 

We now have data from women in the CVT 
out to seven years after their initial vaccina-
tion. The most recent results, from that 7th 
year, show that the apparently strong protec-
tion afforded by a single dose of the bivalent 
HPV vaccine offers no sign of dissipating. 
Infection rates by types inhibited by the vac-
cine remain remarkably low and antibody 
levels remain relatively stable. Among the 
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134 trial participants who received a single 
dose, there were 0 (0%; 95%CI: 0.0 to 2.2%) 
HPV 16/18 and 2 (1.5%; 0.3 to 4.8%) 
HPV31/33/45 cervical infections detectable 
at year 7 [5] (Figure 2). This is similar to the 
incidence rates amongst the 2043 women 
who received the historical gold standard 
three-dose regimen, where there were 20 
(1.0%; 0.6 to 1.5%) HPV 16/18 and 48 
(2.3%; 1.8 to 3.1%) HPV31/33/45 infec-
tions. For comparison, the HPV prevalence 
among the unvaccinated women was consid-
erably higher for both vaccine HPV16/18 
types (6.6%; 5.7 to 7.7%) and the related 
types HPV31/33/45 (5.5%; 4.7 to 6.5%), 
suggesting that even a single dose is provid-
ing robust protection. Of note, carcinogenic 
HPV types not protected against by the 
HPV vaccine were detected with similar fre-
quency among vaccinated and unvaccinated 
women, indicating similar exposure to HPV 
infections. HPV antibody levels remain, 
effectively, unchanged over the course of the 
7 years and all subjects continued to be sero-
positive for both vaccine-targeted HPV 
types at year 7. Among those trial partici-

We now have data from women 
in the CVT out to seven years 
after their initial vaccination 
[...] and show that the appar-
ently strong protection afforded 
by a single dose of the bivalent 
HPV vaccine offers no sign of 
dissipating
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pants receiving a single dose the bivalent 
HPV vaccine, the geometric mean titer 
(GMT) levels of the HPV16 antibody were 
stable at years 2, 4, and 7, as follows: 124 
EU/ml (95% CI= 93 to 167), 137 (107 to 
177), and 130 (89 to 190). The same conclu-
sion was made for HPV18, where the 
respective GMT levels for the HPV 18 anti-
body were 69 EU/ml (52 to 89), 70 (55 to 
90), and 79 (55 to 112) at the same time 
points (Figure 3). 

While the evidence does seem to suggest 
that a single vaccine dose provides strong and 
lasting protection against HPV16 and 18, we 
acknowledge that the group of women 
receiving one dose of the bivalent HPV vac-
cine in the CVT and PATRICIA trials was 
relatively small, and that they were not a ran-
domly selected subset of all trial participants 
nor blinded to the number of doses received. 

Thus, the next phase of our research is to 
conduct a formal randomized, controlled, 
trial evaluating the efficacy of a single dose of 
the HPV vaccine  (ClinicalTrials.gov identi-
fier: NCT03180034). We will compare the 
HPV16/18 infection rates and VLP antibody 
responses after one and two doses of two of 
the licensed HPV vaccines: the first-genera-
t ion biva lent  v acc ine ,  Cer va r i x ® 
(GlaxoSmithKline [GSK]) and the sec-
ond-generation nonavalent vaccine, Garda-
sil®9 (Merck). Analyses wil l a lso be 
conducted to estimate vaccine efficacy of a 
single dose, using rates estimated in an 
unvaccinated survey, to complement the 
trial. The trial is intended, if sufficient sin-
gle-dose protection is demonstrated, to 
provide the level of proof required to 
modify public health policies. 

 This analysis was conducted in a modified total vaccinated cohort (M-TVC), which excludes women who had prevalent  HPV16/18 infections at the time of first 

vaccination.  VE: Vaccine efficacy, with corresponding 95%CIs
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Thus, the next phase of our 
research is to conduct a formal 
randomized, controlled, trial 
evaluating the efficacy of a 
single dose of the HPV vaccine

Figure 1
 Four-year vaccine efficacy against cumulative incident HPV16/18 infections, by dose group, 

in the Costa Rica HPV vaccine trial (CVT) and PATRICIA trial
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In this figure, we see little evidence for HPV vaccine type prevalence and related types among women who received 3, 2 or 1 dose of the HPV vaccine, 

compared to higher prevalence rates among unvaccinated women.  The prevalence of non-vaccine HPV types is similarly high across vaccinated and unvacci-

nated groups, indicating similar exposure to HPV infection.

Natural infection corresponds to the GMT levels of seropositive women at enrollment.

Figure 2 
HPV prevalence measured seven years after initial vaccination among women who received 

3, 2, 1, and 0- doses in the Costa Rica HPV Vaccine Tria

Figure 3 
HPV16 and 18 immunogenicity seven years after initial HPV vaccination, among women who 

received three and one doses in the Costa Rica HPV Vaccine Trial
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Ten national institutions in India, in col-
laboration with the International Agency 
for Research on Cancer (IARC), Lyon, 
France, initiated a multi-centre cluster 
randomised study in India in September 
2009 to evaluate the comparative efficacy 
of two versus three doses of quadrivalent 
HPV vaccination in preventing persistent 
HPV infection and cervical neoplasia. The 
study planned to recruit 20,000 unmar-
ried girls aged 10-18 years and randomly 
allocate them to receive either two doses 
on days 1 and 180 (n=10,000) or three 
doses (n=10,000) on days 1, 60 and 180 of 
the quadrivalent HPV vaccine [1]. How-
ever, vaccination in the study was sus-
pended in 2010 due to events unrelated to 
the study which led to 17,729 girls 
recruited who had received varying doses 
of the HPV vaccine: 4,950 had one dose 
only by default; 3,452 had two doses on 
days 1 and 60 by default; 4,979 received 
two doses on days 1 and 180 or later; and 
4,348 had three doses on days 1, 60 and 
180 or later. Thus, what was planned as a 
randomised trial of two vs three doses of 

HPV vaccination became an observational 
cohort study of multiple HPV dose 
groups, with a particularly large number 
of single-dose HPV vaccine recipients. 

Study participants are followed up at regu-
lar intervals to monitor and evaluate out-
comes such as safety, immunogenicity, 
HPV infection and persistence of both the 
vaccine-HPV types (HPV16 and 18) and 
other HPV types. In due course, cervical 
precancer, particularly high-grade cervical 
intraepithelial neoplasia (CIN2 and 3), will 
be evaluated by screening of married par-
ticipants at 5-year intervals when they 
reach 25 years of age. Participants will be 
linked with existing population-based 

cancer registries so that the extent of long-
term protection against cervical cancer can 
be documented by dose group. An age-
matched cohort of unvaccinated married 
women was recruited from the different 
study sites in 2011 to serve as unvaccinated 
controls. Cervical samples were collected 
from them at recruitment and yearly after 
that for HPV genotyping.

We now have four years of follow-up data 
for immunogenicity assessments. At this 
time point, women who received one dose of 
the HPV vaccine demonstrated a sustained 
immune response by generating antibodies 
against vaccine-targeted HPV types, albeit 
inferior to that of three or two doses (Figure 
1). Our preliminary findings based on viro-
logic endpoints assessed over a 7-year fol-
low-up period from first dose of vaccination 
suggest high vaccine effectiveness in pre-
venting incident HPV16/18 infections, as 
well as persistent infections, regardless of 
the number of doses received (Table I). A 
similarly low incidence of HPV16/18 infec-
tions was observed among all dose groups, 

Our preliminary findings sug-
gest high vaccine effectiveness 
i n  p r e v e n t i n g  i n c i d e n t 
HPV16/18 infections, as well as 
persistent infections, regardless 
of the number of doses received 
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Single-dose efficacy using the quadrivalent HPV vaccine: 

Early results from  
an Indian study

while nearly 6% of unvaccinated women 
had HPV16/18 infections. Of note, HPV 
types not targeted by the HPV vaccine 
were detected with similar frequency 
among vaccinated and unvaccinated 
women, indicating similar exposure to 
HPV infections. 

Our findings documenting the continued 
protection afforded by a single-dose of 
the quadrivalent HPV vaccine are prom-
ising. In our early assessment of virologic 
outcomes, a single dose of the HPV vac-
cine prevented incident HPV16 and 18 
infections. Antibody levels among partic-
ipants who received one dose were lower 
than those who received two or three 
doses; yet, the levels were stable over a 
four-year period.

Together, these data suggest a single dose 
of the HPV vacc ine may generate 
long-lasting immune response and pro-

vide protection against HPV infections 
and ultimately cervical neoplasia.

We will continue to actively accrue data for 
20 full years. With further follow-up, this 
study will generate a substantial amount of 
data on the frequency of persistent HPV16 
and 18 infections and cervical neoplasia 
among study participants. Participants will 
additionally be linked with existing popula-
tion-based cancer registries so that the extent 
of long-term protection against cervical 
cancer can be documented by dose group. 

The India HPV Vaccine Trial is positioned 
to provide data on the long-term protection 
afforded by one dose of the quadrivalent 
HPV vaccine, and will complement ongo-
ing efforts that aim to evaluate a single dose 
of the HPV vaccines, data that are needed 
before policy guidelines regarding a single 
dose can be formulated and implemented.  
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Table I   
Incident HPV infections accumulated over a 7 year follow-up period from first vaccination among women vaccinated with the 

quadrivalent HPV vaccine, and among unvaccinated women.

A single dose of the HPV vac-
cine may generate long-last-
ing immune response and 
provide protection against 
HPV infections and ult i-
mately cervical neoplasia
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Figure 1  
 Mean median florescent intensities (MFI) for HPV16 and 18 L1 antibodies at different time points among 

girls receiving different doses of the quadrivalent HPV vaccine.

Adapted from [3]. * For the three-dose (Day 1, 60, 180 or later), and two-dose (Day 1, 180 or later) groups, one month after last dose MFI values are used, while for 

single dose group, month 12 MFI values are used.

HPV 16 L1 antibodies

HPV 18 L1 antibodies
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While all HPV vaccines were originally 
licensed and recommended as a three-dose 
schedule, in 2014, the World Health 
Organisation (WHO) recommended a 
two-dose HPV vaccination schedule for 
girls starting the vaccination series at age 9 
through 14 years [1]. This decision was 
based on immunogenicity data showing 
non-inferior immune response of two doses 
in this age group compared to three doses 
in women in the age group for whom data 
are available from efficacy trials [2]. Studies 
using post-licensure data from national 
immunisation programs have been under-
taken to compare the effectiveness of one, 
two or three vaccine doses. The aim of this 
article is to summarise the results of post-li-
censure studies assessing HPV vaccine 
effectiveness by the number of doses and 
discuss some limitations of these studies.

We performed a literature search and 
identified 11 published studies examining 
the post-licensure effectiveness of HPV 
vaccination by number of doses [3-13]. 
These studies, conducted in 7 countries 
within the context of a three-dose sched-
ule of either the bivalent or quadrivalent 
HPV vaccine, examined the effectiveness 
by number of doses for three HPV-related 
endpoints: HPV infections, anogenital 
warts (AGW), and cervical lesions or 
abnormal cytology (Table I). The great 
majority of studies showed that two or 
three doses signif icantly decreased the 
incidence/prevalence of HPV-related end-
points. Several studies also suggest limited 
effectiveness with one dose. Furthermore, 
most studies showed a dose-response rela-
tionship, although not always statistically 
signif icant, between HPV vaccination 
effectiveness and number of doses. 

Greater decreases in HPV-related end-
points were general ly observed with 

three doses, followed by two doses, and 
one dose. However, there are important 
caveats when using post-licensure effec-
tiveness studies to understand dose-spe-
cif ic eff icacy that could bias results; 
these should be taken into account when 
interpreting the findings.

Girls vaccinated with one, two or three 
doses are different
Firstly, these post-licensure studies were all 
conducted in settings of a national three-
dose recommendation and girls who 

There are important caveats 
when using post-licensure 
e f f e c t i v e n e s s  s t u d i e s  t o 
understa nd dose-speci f ic 
e f f i c a c y  t h a t  c o u l d  b i a s 
r e s u lt s ;  t h e s e  s hou l d  b e 
ta ken i nto accou nt when 
interpreting the findings.
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received one or two doses differed from 
those completing the recommended sched-
ule. Most of the studies published to date 
included girls who were vaccinated beyond 
the routine target age group, in the early 
years of the vaccination programs. In several 
studies, the partially vaccinated girls were 
older at the time of vaccination, had lower 
socio-economic status, and/or had indicators 
of earlier sexual exposure (e.g., younger cer-
vical screening, vaccination at a family plan-
ning clinic, screening for a sexually 
transmitted infection). Therefore, these par-
tially vaccinated girls were at higher risk of 
HPV infection and related diseases, which 
biases the studies’ results towards a greater 
effectiveness of three doses compared to one 
or two doses. Although several studies 
attempted to control for this bias by adjust-
ing their analyses for some risk factors which 
differed between partially and fully-vacci-
nated girls, there is likelihood that residual 
confounding remains (it is often impossible 
to control for all factors associated with 
non-completion of a vaccination schedule).

Girls infected prior to vaccination are 
more likely to have incident AGW 
between the first and third dose than after
Secondly, in population-level databases, it is 
impossible to identify individuals who were 
already infected with HPV at the time of 
vaccination. Since HPV vaccination is pro-
phylactic, it has no curative effect on these 
prevalent infections; this is the reason that 
HPV vaccination is recommended to 
pre-adolescents prior to sexual debut and 
potential HPV infection. However, in real-
ity, a non-negligible proportion of individu-
als are already infected at the time of 
vaccination, and this proportion increases 
with older age at vaccination. AGW is more 
likely to occur between the 1st and 3rd doses 
of the vaccine, considering that the median 
delay between HPV6/11 infection and ano-
genital warts appearance is 2.9 months [14]. 

Prevalent infections at the time of vaccina-
tion consequently biases towards lower vac-
cine effectiveness of one and two doses. 
Furthermore, as previously mentioned, girls 
vaccinated with one or two doses in the 
studies were often older when vaccinated 
and had indicators of earlier sexual exposure. 
They were thus more likely to have prevalent 
HPV infections at the time of vaccination, 
further reducing the effectiveness of vaccina-
tion with one or two doses (vs three doses). 
To overcome this problem, researchers have 
introduced “buffer” periods in their analyses, 
which delay the case counting to exclude 
conditions caused by a prevalent infection. 
For example, in Herweijer et al., the effec-
tiveness of 1 dose compared to no vaccina-
tion was 16% (p-value=0.06) without any 
buffer period [3]. However, with a buffer 
period of only one month (i.e., cases started 
to be counted 1 month after vaccination), the 
effectiveness of one dose compared to no 
vaccination increased to 28% (p-value 
<0.0001) and effectiveness increased to more 
than 50% with buffer periods greater than 4 
months. While ideally buffer periods should 
be used for effectiveness studies, they reduce 
the number of person-years with one or two 
doses, which is generally small in post-licen-
sure studies; this results in low statistical 
power (i.e., insufficient power to detect sta-
tistically significant differences in effective-
ness between one, two and three doses).

In conclusion, post-licensure studies exam-
ining HPV vaccine effectiveness by number 
of doses have several challenges. The caveats 
discussed in this article consistently bias the 
results towards greater effectiveness of three 
doses compared to two or one dose(s).

Since many countries have recent ly 
switched to a two-dose schedule, it will be 
important to continue to examine the real-
world impact of reduced-dose schedules. 
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Post-licensure studies exam-
ining HPV vaccine ef fec-
tiveness by number of doses 
have several challenges that 
b i a s  t he  r e s u lt s  tow a r d s 
greater effectiveness of three 
doses compa red to t wo or 
one dose(s)
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*cervical lesion include cytology and/or histology outcomes

Table I   
Studies examining the post-licensure effectiveness of HPV vaccination by number of doses
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Could 1 dose be less 
efficacious than 2 doses 
but still be a great public 

health intervention?

Single-dose HPV vaccination has the 
potential to enhance the feasibility and 
affordability of primary prevention against 
HPV-related cancers worldwide. Evidence 
to date suggests that the efficacy of one-
dose HPV vaccination is high [1,2], but 
even if demonstrated to be statistically infe-
rior to that of two doses, the popula-
tion-level effectiveness may still be great 
and worth the investment. The magnitude 
of effect – both absolute and relative to two 
doses – hinges on several key factors, 
including vaccine efficacy, duration of vac-
cine-induced protection, and achievable 
coverage. While clinical trials and studies 
are underway to resolve these uncertainties, 
decisions regarding the adoption of HPV 
vaccination – either with one or two doses 
– are being considered globally. 

As we await more robust empirical data, 
mathematical models can be used to capture 
the burden of disease in a population and 
assess the impact and cost-effectiveness of 
HPV prevention strategies to inform deci-
sion-making. “Dynamic” models simulate 
the transmission of infectious diseases and 
the corresponding herd immunity benefits 
from interventions, such as vaccination. 
Using a previous dynamic model of HPV16 
and 18 infections [3]– recently expanded to 
reflect sexual partnerships at the individu-
al-level and include additional HPV types – 
we conducted preliminary explorations of 

one-dose HPV vaccination, varying key 
parameters expected to have the greatest 
impact on health outcomes.

Scenarios were restricted to routine vacci-
nation of 12-year-old girls, assuming effi-
cacy for one-dose vaccination of 80% 
against incident HPV16 and 18 infections, 
based on the lower-bound target efficacy for 
single-dose regimens of HPV vaccines in a 
new, formal randomized control trial [4] 
(Clinica lTria ls.gov Identif ier: NCT 
03180034). Given the unknown longevity 
of one-dose protection, we explored simpli-
f ied waning assumptions, including no 
waning (i.e., lifetime protection), and 15 or 
10 years of full protection followed by 
linear waning of vaccine protection over an 
additional 20 years. The effect of vaccina-
tion coverage was also explored. Vaccina-
tion with two doses was included as a 
baseline comparator, assuming 100% life-
time protection against HPV16/18 infec-
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tions with achievable coverage of 70%. 
Model-projected outcomes included preva-
lence of HPV16 and 18 infections in a pop-
ulation of women over time.

Figure 1 shows the projected HPV16 prev-
alence in females over a 35-year period 
since initiation of routine HPV vaccination 
with either one dose or two doses, assum-
ing protection is lifelong (i.e., no waning) 
with either dosage. At 70% coverage, both 
one-dose and two-dose vaccination scenar-
ios are shown to greatly reduce HPV16 
prevalence over time compared to no vacci-
nation. For example, 30 years after routine 
vaccine implementation, two doses at 100% 
efficacy achieves 85% reduction in HPV16 
prevalence compared to no vaccination, 
whereas one dose at 80% efficacy achieves 
70% reduction. While it is not surprising 
that, assuming all else is equal, prevalence 
reduction is lower with one dose given its 
assumed lower efficacy (80%). We found 
that increasing one-dose vaccination cover-
age (from 70% to 90%) can almost com-
pletely offset this lower preva lence 
reduction. This relationship held true even 
when baseline vaccination coverage was 
assumed to be lower at 50%.

Figure 2 displays these projections under 
assumptions of waning vaccine protection 
with one dose, assuming 80% protection 
against HPV16/18 for 15 years, followed 

Mathematical models can be 
used to capture the burden 
of disease in a population 
and assess the impact and 
cost-effectiveness of HPV 
p r e v e nt io n  s t r a te g i e s  to 
inform decision-making
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by a linear reduction to 0% protection over 
an additional 20 years. Here, HPV16 prev-
alence again drops considerably over time 
with one-dose vaccination even if protec-
tion is not lifelong. In this scenario, increas-
ing one-dose vaccination coverage from 
70% to 90% is able to achieve similar 
reductions in HPV16 prevalence compared 
to two-dose vaccination until roughly 20 
years post vaccine initiation, after which 
the effects of one-dose waning begin to 
diminish the population effect. The gap 
between one-dose and two-dose vaccina-
tion is even more pronounced and occurs 
sooner when one-dose vaccination begins 
to wane earlier (e.g., at 10 years; data not 
shown). At a lower baseline coverage of 
50%, an increase in one-dose coverage up 
to 90% is required to offset lower preva-
lence reduction associated with lower and 
waning one-dose efficacy (data not shown). 
Under all scenarios, a similar trend can be 
observed for HPV18, although absolute 
prevalence is lower.

These projections must be interpreted with 
caution given the uncertainty and limita-
tions in the model itself. This particular 
model was calibrated to the US population 
in order to leverage available data on 
sexual behaviors; to the extent that sexual 
behaviors vary across populations, espe-
cially in low and middle income countries 
where questions regarding one-dose vacci-
nation are most pressing, results may not 
be generalizable. The analyses projected 
only the short-term outcomes of HPV 
infection over a relatively short time hori-
zon; however, the model can be used to 
project longer-term outcomes of cancers 
averted, life expectancy gains, and cost-ef-
fectiveness, which will be included in 
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ongoing work. Finally, only a limited 
number of coverage and eff icacy values 
were explored and simplif ied vaccine 
waning scenarios were included. For 
example, vaccination coverage under both 
dosage regimens was assumed to be imme-
diate without a more realistic period of 
scale-up, and no other (non-linear) speci-
fications of waning were tested. We chose 
15 years for waning to begin given new 
seven-year protection data for the bivalent 
HPV vaccine [5] but acknowledge that a 
shorter duration of protection would result 
in more modest HPV reductions.

 Despite these limitations, this prelimi-
nary analysis offers several important 
insights. First, the absolute popula-
tion-level benefit associated with one-
dose HPV vaccination stands to be 
great, even at lower efficacy and durabil-
ity than two-dose vaccination. Second, a 
one-dose vaccination program may be 
able to compensate for lower vaccine 
efficacy and durability if it can achieve 
higher coverage, depending on if and 
how vaccine efficacy wanes. Given the 
high number of countries that have yet 
to adopt an HPV vaccination program – 
and paired with its inherently lower cost 
and greater feasibility – one-dose HPV 
vaccination has the potential to boost 
HPV vaccine impact globally.  

First, the absolute popula-
tion-level benefit associated 
with one-dose HPV vaccina-
tion stands to be great, even at 
lower efficacy and durability 
than two-dose vaccination.
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Vaccine efficacy against HPV16/18 infections was assumed to be 100% for two doses over the lifetime, and 80% for one dose for 15 years, after which vaccine 
protection waned linearly to 0% over an additional 20 years. HPV16 prevalence was among females aged 12 to 60 years. 

Vaccine efficacy against HPV16/18 infections was assumed to be 100% for two doses, and 80% for one dose over the lifetime. HPV16 prevalence was among females 
aged 12 to 60 years.

 Figure 1 
Model-projected HPV16 prevalence in females over time, no waning

Figure 2   
Model-projected HPV16 prevalence in females over time, waning after 15 years
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What additional data 
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HPV-FASTER AND SIMPLER: Cervi-
cal cancer prevention based on one dose of 
v acc i ne a nd si mpl i f ied sc reen i ng 
strategies 
In this personal perspective, we support 
consideration of the HPV-FASTER strat-
egy to control cervical cancer [1], simpli-
fied by using a one-visit vaccination and 
screening approach.  We present underly-
ing assumptions for discussion, and high-
light remaining research gaps.

We know the fundamentals of how HPV 
causes cervical cancer [2]. Prophylactic vac-
cines and sensitive screening methods enable 
both primary and secondary prevention, 
offering the best opportunity to control a 
major malignancy. However, it is equally 
certain that 10 years following the introduc-
tion of vaccination, global cervical cancer 
control has barely begun.  Without a radical 
change in direction, world rates are projected 
to rise substantially in the decades ahead. 

Radical change might be possible, based on 
accumulating evidence that a single dose of 
HPV vaccine protects individuals and popu-
lations against infection much more com-
pletely than previously hoped. Preliminary 
evidence suggests one-dose protection might 
last at least a decade; optimistically, the find-
ing will be confirmed within five years by 

large studies already underway. Due to herd 
protection, the effectiveness of vaccine pro-
grams has been greater than what was pre-
dicted solely based on completion of full 
vaccine series. Since a single dose is highly 
protective, initiation of vaccination sched-
ules rather than completion might be the 
better metric of population coverage.

Given the great effort it takes to launch large 
prevention campaigns, we would argue that 
now is the time (as some “early adopter” 
groups are already doing [3]) to begin serious 
planning for cervical cancer control cam-
paigns. Such campaigns would be designed 
around a single-visit strategy from the per-
spective of population effectiveness, rather 
than individual-level efficacy. Younger partic-
ipants would be vaccinated with one dose to 
reduce the peak of HPV acquisition and, with 

some age overlap; mid-adult women would 
be screened by HPV testing of self-samples to 
address the secondary peak of precancers.  

To succeed in controlling cervical cancer, it 
is not necessary to demonstrate “non-infe-
riority” of one-dose vaccination compared 
with three or even two doses, or have proof 
of decades of vaccine efficacy, or achieve 
extremely sensitive cervical screening. 

A simplified HPV-FASTER approach is 
exciting, because it might work even in 
low-resource, disorganized settings where 
cervical cancer is a leading cause of cancer 
death. If successful, the proposed strategy 
of one-visit HPV-FASTER could shorten 
the time to cervical cancer control by 
decades compared with waiting for the 
long-term effect from vaccination of pre-
teens and continued, separate efforts to 
screen older women. Importantly, both 
efforts are not mutually exclusive, but may 
even be combined in some settings.

While we can start planning now for preven-
tion campaigns, we need in parallel to verify 
several essential supporting facts. These 
points are listed below, grouped by topic. 
Importantly, we do not seek perfection, but 
we are choosing substantial progress made 
possible by a focus on practicality. 

Younger participants would 
be vaccinated with one dose 
to reduce the peak of HPV 
acquisition and mid-adult 
women would be screened by 
HPV testing of self-samples 
to add ress t he seconda r y 
peak of precancers
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First peak in the natural histor y 
model:  Acquisition and early natural 
history of HPV infections (Figure 1)

17. Virtually all participants will have a 
single visit, either for vaccination, 
self-sampled screening that shows HPV 
negativity, or both vaccination and neg-
ative screening in the decade or so of 
overlap (25-35?).

18. Only cur rent ly HPV-posit ive 
women at highest risk of developing 
cancer w i l l  need fol low-up and 
treatment.

19.  Inexpensive HPV tests, both 
high-throughput and point-of-care, 
are feasible and affordable but not yet 
f inalized; producing several usable 
tests is important.

20.  To prevent massive overtreatment 
and overwhelming clinical resources, 
restriction of HPV screening to the 
most carcinogenic types (possibly 
HPV16, 18, 45, 31, 33, 52, 58, and 
35) might be advantageous.

21. Developing triage methods focused 
on finding precancer among HPV-posi-
tive women is a priority; possibilities 
include improved visual triage with 
image-recognition software operating on 
smartphones, and automated cytologic or 
molecular methods that work off the 
screening self-sample.

22.  Research on low-morbidity simple 
treatment of screen/triage-positive 
women is lagging and might be the 
biggest remaining hurdle in cervical 
cancer control.

23.  Surveillance of the success of the 
suggested program can make use of 
spot surveys of sentinel STI clinics 
and does not require full population 
surveillance.

1. Most cases of cervical cancer arise 
f rom h igh-r i sk HPV in fec t ions 
acquired in adolescence and young 
adulthood.  In most countries, the 
major it y of causa l infect ions a re 
acquired before age 35.  

2. More than 90% of high-risk HPV 
infections of the male and female ano-
genital tract are controlled immunologi-
cal ly or clear within f ive years of 
acquisition; most clear within two years. 

3. Transmission is unlikely after an 
infection becomes undetectable.  

4. Persistent detectability of a high-risk 
HPV infection is linked to high risk of 
cervical precancer.

Second peak in the natural history 
model:  Cervical precancer

5. The population risk of cervical pre-
cancer peaks about a decade after the 
peak of HPV acquisition.

6. Precancers tend to grow slowly and 
remain intraepithelial for many years 
before acquiring somatic changes lead-
ing to invasiveness.

Third “peak” in the natural history 
model:  Cervical cancer

7. Greatly reducing cervical HPV ende-
micity and targeting for treatment pre-
cancers among HPV-positive women 
must invariably and dramatically reduce 
cervical cancer incidence.
 
One-dose vaccination and protection 
against HPV infection

8. Preliminary evidence suggests a high 
likelihood of a decade or more of pro-
tection from one-dose vaccination with 
the bivalent vaccine.  While there is less 
follow-up time, evidence is also promis-
ing for the quadrivalent vaccine, and we 
presume that the nine-valent vaccine is 
likely to act similarly.

9. Natural HPV infection leads to sero-
conversion in only a fraction of those 
exposed and most seropositive/DNA 
negative women have low titers confer-
ring only weak protection.  High titers 
indicate immunity but are uncommonly 
found.  Therefore, although HPV vacci-
nation is most efficacious in vaccinees 
naïve to the targeted HPV types, it offers 
some protection to the majority of previ-
ously exposed women as well[4]. 

10.  Antibody titers post-vaccination are 
higher in pre-adolescents than adult 
women, but achieved levels are still high at 
least through age 30 and probably older.

Program assumptions and deductions

11. A one-visit campaign that includes 
a broad age range refocuses HPV vacci-
nation on cervical cancer prevention, 
not issues of sexuality, which could 
increase participation.

12. We are concentrating on campaigns 
among women, emphasizing women’s 
health, and aiming for high coverage that 
lessens the need for male vaccination.

13.  Importantly, long-term immunity is 
not necessary to control HPV endemic-
ity if broad coverage can be achieved 
within a short period of time; if most 
male and female infections clear faster 
than herd protection wanes, HPV prev-
alence will plummet as transmission 
networks are interrupted.

14. We need to settle the ages of vaccina-
tion for each region around the age distri-
bution of first sexual intercourse and peak 
transmission of causal infections. Vacci-
nation through age 35 might be sufficient 
but the age limit needs study. 

15. Health economics modeling should 
address how often campaigns would need 
to be repeated to keep endemicity low.

16. One visit screening and triage can 
be achieved using self sampling; begin-
ning at age 25-30 is rational but the 
starting age needs refinement.

Adoption of a population-based 
approach is not accepting sec-
ond-rate methods, but rather 
permits reaching a level of 
cancer control that would take 
much longer with conventional 
approaches
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Adoption of a population-based approach is 
not accepting second-rate methods, but 
rather permits reaching a level of cancer con-
trol that would take much longer with con-
ventional approaches. Reducing HPV 
endemicity on the population level is helpful 
to the young woman on the individual level, 
perhaps as much as getting a second dose. 

While designing cervical cancer preven-
tion with almost zero tolerance of any 
cases might be societally mandated in the 
U.S., it is not a “gold standard” due to very 
high cost, overtreatment and associated 
iatrogenic morbidity.  

In conclusion, we hope that the chance to 
save hundreds of thousands of lives, by 
crushing the pyramid of HPV infection, pre-
cancer, and cancer, will invigorate donors 
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The figure shows the natural history model and the corresponding prevalence of HPV infection, precancer, and cancer in the population. Exemplary cervical 
cancer prevention strategies based on one-dose HPV vaccination and HPV screening and triage are shown. Adapted from [2]

and all stakeholders.  Currently, we have to 
maintain global vaccination of pre-adoles-
cents and screening of older women for a gen-
eration or two before we control cervical 
cancer.  How much more inspiring would it 
be to talk about control starting now? 

Figure 1  
Prevalence of HPV infections, precancer, and cancer by age
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Perspectives on 
accelerating HPV 

vaccines toward impact

Cervical cancer is the 2nd most common 
cancer in women. Globally more than 
500,000 cases of cervical cancer and 
~270,000 deaths occur every year -dispro-
portionately among disadvantaged popu-
lations of women in developing countries 
that have weak health systems. Preventing 
cervical cancer deaths in world ’s most 
resource-poor settings is an important 
part of the global health strategy at the 
Bill & Melinda Gates Foundation.

To drive toward deeper impact on disease 
incidence, the Foundation developed an HPV 
strategy that increasingly focuses effort and 
resources on maximizing the reach, effective-
ness and sustainability of HPV vaccination 
programs while continuing to generate evi-
dence on efficiency models of delivering 
screening and preventive treatment by lever-
aging existing investments. The focus on vac-
cines is in part to build on the depth of 
experience the Foundation has in vac-
cine-based interventions and also the excel-
lent safety and efficacy profiles of existing 
vaccine interventions, which provide ready 
and new opportunities for catalytic support.

What guided the development of the vac-
cine and vaccination portfolio strategy was 
the hypothesis that three critical areas will 
drive and enable transformative changes in 
disease impact by HPV immunization: (1) 
lower-costs and improved deliverability for 
existing and follow-on HPV vaccines; (2) 
success in introducing and scaling existing 
HPV vaccines through the Gavi Alliance; 
and (3) the robust and careful evaluation of 
a single-dose HPV vaccination schedule.

Support existing and new HPV vaccine 
suppliers. 
The Foundation has devoted considerable 
resources and effort in broadly supporting 
vaccine development targeting pathogens 
most relevant to poor resources settings. 
This has been done both by facilitating 
product development activities so existing 
vaccines can reach lower costs in more 
deliverable formats as well as supporting 
new suppliers to develop more affordable 
vaccines with a target to achieve World 
Health Organization (WHO) Pre-quali-
f ication status to ensure global access. 
HPV vaccines are no exception to this 
strategy and the Foundation and its part-
ners have supported multiple suppliers, 
including those in China (Walvax, 
Innovax) and India (Serum Institute of 
India), to advance their bivalent, quadriva-
lent and nonava lent HPV vaccines 
through development. This includes devel-
oping vaccines with appropriate character-
istics such as small cold chain footprint, 

Peter Dull, MD
Deputy Director
Integrated Clinical Vaccine Development, Global Health Program
Bill & Melinda Gates Foundation
Seattle, WA, United States
peter.dull@gatesfoundation.org

out of cold chain stability prof iles and 
multi-dose vials where technically feasi-
ble. It is our belief that a market with 
multiple high-quality, reliable suppliers is 
healthier and more sustainable to ensure 
long-term disease impact.
 

Supporting Gavi in introducing and scaling 
of existing vaccines – The Foundation’s 
HPV vaccine delivery goal is closely aligned 
with that of Gavi, the Vaccine Alliance, 
which is aimed at immunizing 40M girls in 
world’s poorest populations by 2020. 
After Gavi added HPV vaccine to its 
portfolio of supported vaccines in 2012, 
the pace of HPV national introductions 
in Gavi countries has been slower than 
hoped for even after more than 20 coun-
tries implemented the Gavi-supported 
HPV vaccine demonstration programs. It 
is likely that a mix of factors had led to 
this lackluster progress, e.g., limited 
know-how and experience by countries in 
achieving effective coverage of the HPV 
vaccine in an entirely new cohort while 
managing operational costs efficiently, a 
prolonged process to receive Gavi sup-

Preventing cervical cancer 
d e a t h s  i n  w o r l d ’s  m o s t 
resource-poor settings is an 
important part of the global 
health strategy at the Bill & 
Melinda Gates Foundation

The Foundation’s HPV vac-
cine delivery goal is closely 
aligned with that of Gavi, 
which is aimed at immunizing 
40M girls in world’s poorest
populations by 2020
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port for national scale-up, etc. To help 
overcome these challenges, the founda-
tion prioritized its effort and resources 
primarily in three areas: (1) target coun-
try learning and disseminating technical 
know-how widely by collating and syn-
thesizing lessons learned in effective and 
cost-efficient delivery of the vaccine from 
HPV programs worldwide, (2) support 
optimization of Gavi ’s HPV program 
design by working closely with Gavi and 
other members of the Al l iance as a 
thought partner; and (3) target specific 
opportunities to support country deci-
sion-making and programmatic readiness 
by providing in-country technical assis-
tance that complements the work of other 
Alliance partners. Accelerating nation-
al-scale introductions is essentia l to 
achieve high disease impact.  Girls being 
missed now for vaccination will be diffi-
cult to reach later via other preventative 
measures.  It is also important that only 
with large-scale vaccine uptake can the 
value of lower-cost follow-on vaccines be 
enabled to achieve lower costs.

Evaluating and supporting single-dose 
HPV vaccination schedules. 
The data that has been generated on sin-
gle-dose HPV vaccination by the studies 
from Costa Rica [1-4] and India [5] 
(reviewed earlier in this issue) have pro-
vided a surprising and unique opportunity 
to think differently about these remark-
able vaccines. A limitation of these studies 

was that neither was designed to prospec-
tively assess single-dose schedules. None-
theless, the authors have used ancillary 
data to demonstrate similar HPV risk pro-
files across the study groups which sup-
ports their effectiveness conclusions. These 
surprising results will require further 
analysis and deeper discussion but provide 
confidence for sustained efficacy of up to 7 
years post-vaccination [4].

Among the anticipated new data, the most 
compelling will likely be from the contin-
ued follow-up in the India HPV Vaccine 
Trial where almost 5000 girls aged 10-18 
years of age received a single-dose in 2009 
along with two-dose, three-dose, and 
unvaccinated control groups [5]. As assess-
ments for HPV infection and precancerous 
lesions only begin after the marriage of 
enrolled subjects, subsequent analyses will 
report on increasingly larger numbers of 
subjects with important clinical endpoints.

A single-dose HPV vaccine schedule could 
have a significant impact for country deci-
sion-making, in particular in settings where 
there is high sensitivity to cost or delivery 
challenges. Although much work has been 
done to understand optimal delivery strate-

gies of this multi-dose vaccine in developing 
world settings, opening up alternative deliv-
ery pathways may be one of the most critical 
considerations for country implementation. 
As one example, many countries have deep 
and highly relevant experience in reaching 
large and difficult-to-reach populations 
quickly through campaign style approaches 
to vaccination (e.g., Meningitis A vaccine, 
Yellow fever vaccine). These and other 
options could now be opened with a sin-
gle-dose vaccine schedule.

The Foundation has made several invest-
ments to support further evaluations of sin-
gle-dose schedules, including immunoassay 
standardization and support for immuno-
bridging studies in Africa.

As discussed earlier in this issue, a large 
effectiveness study conducted by the US 
NCI and the Agencia Costarricense de 
Investigaciones Biomédicas (ACIB; for-
merly Proyecto Epidemiológico Gua-
nacaste) of Costa Rica, partially supported 
by the foundation, is anticipated to begin 
enrollment in the 2nd half of 2017. [6] 
(Clinica lTria ls.gov identif ier: NCT 
03180034). This study will prospectively 
assess comparative effectiveness of a single 
dose of both the bivalent and nonavalent 
HPV vaccine with a planned timeline for 
available data around 2023. While these 
data remains critical to the body of knowl-
edge on single-dose efficacy, other studies 
or demonstration projects are under discus-

HPV vaccines are life-saving tools that help ensure all girls and young women can reach their full potential. Photo credit:  ©Gates Archive/Ryan Lobo

The Foundation has made sev-
eral investments to support 
further evaluations of single-
dose schedules
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Summary
The Bill & Melinda Gates Foundation is 
deeply committed to accelerating impact of 
highly effective interventions to decrease 
cervical cancer in populations where the 
need is highest. Opportunities abound to do 
more through HPV vaccination and the 
foundation will continue to support work 
toward delivering the existing and new vac-
cines with improved coverage and decreased 

cost. A single-dose HPV vaccine schedule 
offers a further opportunity to accelerate 
impact through multi-cohort vaccination 
programs which otherwise may not be feasi-
ble. Advancing decision-making around the 
next steps for acting on a single-dose HPV 
schedule will require a broad coalition of 
stakeholders, including the scientific and 
public health community, manufacturers, 
global, regional and national policy makers 
and the communities that they serve. 
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A tribute 
to Stefania 
Jabłońska

Prof. Stefania Jabłońska died on May 8, 
2017 in Warsaw, at the age of 96. She 
chaired the Department of Dermatology of 
the Warsaw School of Medicine between 
1954 and 1990, and trained many students 
motivated by clinical science. As professor 
emeritus, she remained remarkably active 
until she had to face serious health prob-
lems. Despite the cold war, S. Jabłońska 
established many international contacts and 
collaborations and gained a worldwide rec-
ognition for her work on immunological 

aspects of cutaneous autoimmune diseases, 
and on HPVs. After her seminal paper 
“Epidermodysplasia verruciformis as a 
model in studies on the role of Papovavi-
ruses in oncogenesis”, S. Jabłońska started 
collaborating with Gérard Orth at the Pas-
teur Institute in 1976. EV was soon shown 
to be associated with a specific group of 
related HPVs and HPV-5 to be the major 
risk factor for EV skin cancers. Further 
work dealt with EV HPVs and novel cuta-
neous or mucosal HPV types, cutaneous 

warts, nonmelanoma skin cancer, cell-me-
diated immunity defects in EV, and the 
possible role of EV HPVs in psoriasis and 
epidermal repair processes. Stefania 
Jabłońska will be remembered for her 
extraordinary intellectual curiosity and 
power of conviction, and for her impressive 
propensity to translate new knowledge into 
the benefit of her patients.

Gérard Orth



NEXT EVENTS

A new scientific Journal devoted to 
HPV and other small DNA tumor 
viruses and the official journal of 
the International Papillomavirus 
Society.

In 2016, PVR received and evalu-
ated 118 manuscripts and pub-
lished 36. Published material are 
currently indexed in PubMed.

Thanks very much to all contribu-
tors and supporters.

International  e-learning program 
on cervical cancer prevention

15 hour virtual course on cervical cancer 
prevention. 

Available in English, Spanish , French, 
Russian, Portuguese, Chinese and 
Japanese.

With the scientific endorsement of: FIGO, 
UICC, IARC, WHO/ICO HPV Information 
Centre, and ElSevier.
With the participation of  WHO.
Available worldwide free of charge. 

More than 12.000 participants 
enrolled, 70% certified and 85% of 
students rated the course as good/
excellent. 

For more information go to www.e-oncologia.org/courses/cervical-cancer-prevention or courseccp@iconcologia.net.
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