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Abstract

Background: Immunization policymakers at global and local levels need to establish priorities among new
vaccines competing for limited resources. However, comparison of the potential impact of single vaccination
programs is challenging, primarily due to the limited number of vaccine analyses as well as their differing analytic
approaches and reporting formats. The purpose of this study is to provide early insight into how the comparative
impact of different new vaccines could be assessed in resource-poor settings with respect to affordability,
cost-effectiveness, and distributional equity.

Methods: We compared the health, economic, and financial consequences of introducing the two vaccines in 72
GAVI-eligible countries using a number of different outcome measures to evaluate affordability, cost-effectiveness,
and distributional equity. We use simple static models to standardize the analytic framework and improve
comparability between the two new vaccines. These simple models were validated by leveraging previously
developed, more complex models for rotavirus and human papillomavirus (HPV).

Results: With 70% coverage of a single-age cohort of infants and pre-adolescent girls, the lives saved with
rotavirus (~274,000) and HPV vaccines (~286,000) are similar, although the timing of averted mortality differs;
rotavirus-attributable deaths occur in close proximity to infection, while HPV-related cancer deaths occur largely
after age 30. Deaths averted per 1000 vaccinated are 5.2 (rotavirus) and 12.6 (HPV). Disability-adjusted life years
(DALYs) averted were ~7.15 million (rotavirus) and ~1.30 million (HPV), reflecting the greater influence of
discounting on the latter, given the lagtime between vaccination and averted cancer. In most countries (68 for
rotavirus and 66 for HPV, at the cost of I$25 per vaccinated individual) the incremental cost per DALY averted was
lower than each country’s GDP per capita. Financial resources required for vaccination with rotavirus are higher
than with HPV since both genders are vaccinated.

Conclusions: While lifesaving benefits of rotavirus and HPV vaccines will be realized at different times, the number
of lives saved over each target populations’ lifetimes will be similar. Model-based analyses that use a standardized
analytic approach and generate comparable outputs can enrich the priority-setting dialogue. Although new
vaccines may be deemed cost-effective, other factors including affordability and distributional equity need to be
considered in different settings. We caution that for priority setting in an individual country, more rigorous
comparisons should be performed, using more comprehensive models and considering all relevant vaccines and
delivery strategies.
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Background
Several new vaccines have recently become available,
including those against rotavirus, human papillomavirus
(HPV), and pneumococcus. To set new policies for opti-
mum use of these vaccines in different settings, partici-
pating entities including international agencies (e.g.,
World Health Organization [WHO]), domestic policy-
makers, financing coordination mechanisms (e.g., GAVI
Alliance), and donors [1,2] will need new information
on which to base their decisions.
Unfortunately, given the complexity of many vaccine-

preventable diseases [3], the impact and inevitable trade-
offs associated with a particular vaccine program are
never fully known until well after implementation. To
help resolve this uncertainty for policymakers, a decision
analytic approach using a disease-specific model can be
used to organize, synthesize and integrate the available
clinical, epidemiologic, and economic information and
to estimate the cost-effectiveness of a prospective vac-
cine program [4,5]. Furthermore, such model-based ana-
lyses can also be useful for generating other outcomes
such as intermediate (e.g., infections averted and cases
averted) and long-term outcomes (e.g., deaths prevented
and disability-adjusted life years [DALYs] averted) as
well as the timing of those outcomes (e.g., immediate,
within a few years, or decades later). Finally, a model-
based analysis can help to identify the more influential
determinants of a vaccine’s expected impact and value
in a given setting.
Recently, economic evaluation studies using a model-

ing approach have reported that many of the new vac-
cines would substantially reduce disease-specific
mortality and provide good value for money in low- to
middle-income country settings [6-9]. However, these
vaccines also tend to be far more expensive than the
traditional childhood vaccines previously introduced
into these countries, many of which now face growing
populations and unprecedented budget constraints. It is
in this context that immunization policy makers at both
global and local levels need to establish priorities among
the new vaccines competing for limited resources
[10,11]. Even for countries wishing to adopt multiple
new vaccines, there are inevitable questions about which
programs should be implemented earlier and whether
some should be implemented more aggressively than
others. Such priority decisions would entail various con-
siderations (e.g., cost-effectiveness, affordability, and
equity), and there has been an increasing attention paid
to how best to achieve a balance between these consid-
erations [12,13].
However, comprehensive comparison of prospective vac-

cine programs in low- to middle-income country settings
is difficult. There have been few economic evaluations of

new vaccines in resource-poor settings, for which impor-
tant data is often lacking. Additionally, the cost-effectiveness
profiles derived for individual vaccines from separate stu-
dies make for problematic comparison, as the analyses
use different data sources and assumptions. Furthermore,
independent analyses conducted for a single vaccine are
often presented in different formats making it more chal-
lenging to compare results.
Nevertheless, since policymakers will likely have to

make early and comprehensive priority decisions in the
context of incomplete information, even a preliminary
comparison based on the available data would be useful
to inform deliberative dialogue among stakeholders [14].
Indeed, there recently has been an increasing demand
for this type of information among international agen-
cies and immunization financing mechanisms.
Motivated to provide early insight into how the com-

parative impact of different new vaccines could be
assessed across different resource-poor settings (where
most benefits from the vaccines would be realized), we
leverage our previously conducted analyses for rotavirus
and HPV (conducted for each disease separately)
[6,15-19]. Given that new vaccine prices are often
unknown at the early stages of vaccine arrival, and that
data on country-specific program delivery costs are
highly uncertain and rarely available in resource-poor
settings, we take a composite cost approach that
assumes the same level of plausible, collective program
costs across the countries for each of the two vaccines.
We thus compare the health, economic, and financial
impact of introducing these two vaccines in 72 GAVI
support-eligible low-income countries, with a primary
focus on relative disease burden. In doing so, we stan-
dardize a simple modeling approach and analytic frame-
work in order to facilitate comparison. We also identify
and highlight methodologic challenges and influential
uncertainties that should be considered as discussions
about vaccine prioritization unfold.
A brief summary of the key features of the diseases

caused by the two pathogens–rotavirus and HPV–and
the characteristics of the two new vaccines follows:

Rotavirus
Rotavirus is the major cause of severe, dehydrating diar-
rhea among children under 5 years of age [20,21]. Rota-
virus infection is responsible for more than 2 million
hospitalizations and approximately 527,000 deaths
annually on a global level. While almost all children
experience rotavirus infection by the age 5 in both
developing and developed countries, the burden of dis-
ease is disproportionately high in developing countries,
with ~90% of rotavirus associated deaths occurring in
developing nations [20]. Human rotavirus comes in
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several strains, with the serotypes determined by an
independent combination of two different groups of
proteins, G and P. The most prevalent serotype world-
wide is G1P[8], and approximately 90% of human rota-
virus infections are caused by one of five types of
strains: G1P[8], G2P[4], G3P[8], G4P[8], and G9P[8]
[22]. The distribution of serotypes is reported to vary
across countries and even local regions or over time in
the same country [23]. Recently two new rotavirus vac-
cines (Rotarix® and RotaTeq®) have been licensed. Rota-
virus vaccines have been assigned a high priority on the
global vaccine agenda, given their potential to contribute
to improving general development as well as childhood
health in developing countries. Based on new evidence
on vaccine safety and efficacy from recent clinical trials
in African settings [24], the WHO has released a global
recommendation that all countries include infant rota-
virus vaccination in their national immunization pro-
grams, and the GAVI Alliance has promised to provide
financial support for rotavirus vaccination programs to
developing countries.

HPV
Cervical cancer is the third most common cancer in
women globally, and the most common cancer in women
in Eastern Africa, South-Central Asia, and Melanesia
[25]. Globally, more than 500,000 cases of cervical cancer
and ~270,000 deaths occur each year. Cervical cancer is
also a disease of inequity, with ~80% of deaths occurring
in developing countries [26]. HPV is the primary cause of
cervical cancer, and HPV types 16 and 18 are known to
cause ~70% of cervical cancer [27]. Worldwide, the eight
most common genotypes (HPV 16, 18, 45, 31, 33, 52, 58,
and 35) account for 90% of cases of cervical cancer [28].
Regional variations in cervical cancer incidence are due
to differences in underlying prevalence of high-risk HPV
types as well as marked differences in the availability and
effectiveness of cervical screening and treatment pro-
grams. Recently, two new vaccines against HPV 16 and
18 (Gardasil® and Cervarix®) have been made available.
Like rotavirus vaccines, HPV vaccines have received a
high priority and there have been global efforts to accel-
erate the introduction of the vaccines in developing
countries. HPV vaccines are included on the list of the
United Nations prequalified vaccines [29], and the GAVI
Alliance has declared HPV vaccines as one of the priori-
ties for GAVI countries [30].
Figure 1 shows the relative magnitude of the disease

burden associated with rotavirus versus HPV infection.

Methods
Previous studies for HPV
We have previously described our series of cervical can-
cer models that include an individual-based stochastic

model to simulate cervical carcinogenesis associated
with all high-risk HPV types and a dynamic model to
simulate sexual transmission of HPV 16 and 18 infec-
tions between males and females, which have been
applied to multiple settings [15,31-36]. We used a likeli-
hood-based approach to calibrate the stochastic models
to empirical data, such as age-specific prevalence of
HPV, age-specific incidence of cervical cancer, and HPV
type distribution in normal females, cancer precursors,
and cervical cancer [31]. Our empirically-calibrated
models included 8 GAVI-eligible countries (2 countries
in Asia, India and Vietnam [Hanoi and Ho Chi Minh
City], and 6 countries in Africa [Zimbabwe, Tanzania,
Nigeria, Kenya, Uganda, and Mozambique]) and 7 coun-
tries in Latin America and the Caribbean (Brazil, Argen-
tina, Chile, Colombia, Costa Rica, Mexico, and Peru).
Recognizing that the data required for such complex

models are not available for all 72 GAVI-eligible coun-
tries, we constructed a companion Excel-based model
(Microsoft® Excel 2003 and Visual Basic for Applica-
tions 6.3). The companion model was structured as a
static cohort simulation model [6,18,19,37] (Figure 2,
Upper Panel), and employed simplifying assumptions
relying on insights from the more complex model (e.g.,
the plausible ranges of parameters and the effects
of simplified natural history on model outcomes)
[6,18,19]. We leveraged our empirically-calibrated
models [15,33,34] to validate the companion model by
comparing projected model outcomes for selected
countries to those obtained using the companion
model.
Using the validated companion model, we synthesized

population-level data on demographic structure, country-
specific disease burden (incidence of cervical cancer),
medical utilization patterns, and costs (expressed in 2005
international dollars [I$]) in order to estimate the health
and economic consequences associated with HPV vaccina-
tion in the GAVI countries [6]. The sources of the key
data are presented in Table 1[6,15,18,19,28,38-55]. Because
the vaccine prices and vaccination program costs in
GAVI-eligible countries are not yet known, we used a
composite cost approach, assuming I$10, I$25, or I$50 for
delivering a full course of HPV vaccines, based on the
assumed per-dose price of the vaccines (see previous stu-
dies [6,15,18,19,32-34] for details). The model followed a
single 2007 cohort of 9-year-old girls (i.e., pre-adolescent
girls) over their lifetime. The model projected clinical out-
comes including prevented cases of cervical cancer and
cervical cancer deaths, years of life saved, and DALYs
averted. The cost-effectiveness was measured in incremen-
tal cost per DALY averted from the (limited) societal per-
spective, and both future costs and disability-adjusted and
unadjusted life years were discounted at 3% annually
[44,55,56].
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Sensitivity analyses were conducted to explore the
influence of both uncertain parameters and assumptions
on results. In addition to cost-effectiveness, in order to
provide policy makers with more practical information
on financial forecasting and the overall absolute reduc-
tion in disease burden over a longer term, we extended
the base case analysis by adding different roll-out sce-
narios over a 10-year period (2010-2019), varying the
year of vaccine introduction, maximum achievable cov-
erage rate, and year to full coverage across countries [6].

Previous studies for rotavirus
For rotavirus vaccines, we took a similar path. We first
developed a state-transition model of rotavirus infection,
which captures detailed natural history such as the age-
specific incidence, probability of asymptomatic cases, rate
of reinfection, correlation between strength of natural
immunity and the total number of previous infections,
and waning of vaccine efficacy [16]. We used the model
to re-evaluate the cost-effectiveness of rotavirus vaccines
in Vietnam [16]. Given the lack of data standardized for
the 72 GAVI countries, we constructed a companion
Excel-based model (Figure 2, Lower Panel) using analo-
gous methods to those used for HPV (e.g., the use of a
composite cost approach), and similarly validated the
model by comparing the model predicted outcomes with

those from more complex state-transition models [17].
We then performed similar analyses to evaluate the cost-
effectiveness of rotavirus vaccines and to project reduc-
tion in burden of disease and financial requirements
associated with rotavirus vaccination using a variety of
scale-up scenarios. Details of model input, assumptions,
and results have been described elsewhere [17].

Comparative evaluation
While the two companion models for HPV and rota-
virus [6,17] share similar model structure and many
other features, not all the analytical choices are the
same, as the models were developed in independent stu-
dies performed at different times. For example, the two
previous studies [6,17] were based on hypothetical
cohorts in different calendar years and had different
scopes of the costs considered in the base-case analyses.
Accordingly, to comparatively evaluate the health and
economic impact of the two new vaccines (HPV and
rotavirus), we further standardized on some analytic
choices and scope of the costs, but kept the same model
inputs and assumptions as described in the previously
published articles [6,17]. Table 1 summarizes the metho-
dological choices, model structure, and key assumptions
of the two simulations as well as sources of the key
data. For a simulation estimating the vaccines’ cost-
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Figure 1 Joint distribution of disease burden caused by rotavirus versus HPV in the 72 GAVI-eligible countries.
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effectiveness, we followed a single cohort of girls aged 9
in 2010 for HPV and a birth cohort born in the same
year for rotavirus, assuming two different levels of com-
posite program costs, I$10 and I$25 per vaccinated indi-
vidual. Because we have previously forecasted financial

requirements for the two vaccines separately, using
a range of alternative uptake and scale-up scenarios
that varied by country, we conduct only a comparative
analysis here that assumes both vaccines achieve the
same coverage in their respective target populations.

Figure 2 Schematic of the companion models.
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Table 1 Comparison of the two analyses using an Excel-based model: Rotavirus versus HPV [6,15,18,19,38–55]

Main features/
Assumptions

Rotavirus HPV

Study design overview

Country/Region 72 GAVI-eligible countries Same

Study type Cost-effectiveness analysis Same

Perspective (Limited) societal perspective Same

Currency 2005 international dollars (I$) Same

Base year for discounting 2009 Same

Year of intervention 2010 Same

Primary outcome measure ICER (I$/DALY averted) Same

Discount rate (base-case) Health outcome: 3%, Cost: 3% Same

Model type and structure

Model type Static cohort model (implicitly based on a decision tree) Same

Model outcomes Costs
Cases of rotavirus-associated deaths, hospitalizations, and outpatient

visits
Life years saved
DALYs averted

Costs
Cases of cervical cancer and cervical cancer

deaths
Life years saved
DALYs averted

Time horizon (span) 5 years (ages 0-4) Lifetime (ages 9-99)

Software for programming Microsoft Excel and VBA Same

Assumptions on intervention and vaccine efficacy

Vaccine type Rotarix® or Rotateq®

(non-distinguished)
Gardasil® or Cervarix®

(non-distinguished)

Strategies Routine versus no vaccination Same

Target population Infants 9-year-old girls

Vaccination schedule 2,4,and 6 months of age The second and third doses administered 1 and
6 months after the first dose

Coverage (base-case) 70% Same

Vaccine efficacy (serotype-
specific)

G1P[8]: 87%
G3P[8]: 90%
G4P[8]: 93%
G9P[8]: 84%

G2P[4], other combination:71%

100% against cervical cancer caused by HPV
16/18

Vaccine efficacy adjusted for
serotype distribution

Yes Yes

Assumptions on natural
history

Serotype distribution Country-specific Same

Duration of vaccine
immunity

5 years (ages 0-4) Lifetime (ages 9-99)

Waning of vaccine-acquired
immunity

No No

Natural immunity considered No No

Herd immunity considered No No

Assumptions on resource
use

Range of costs included Direct medical costs (composite program costs and medical
treatment costs)

Same
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This analysis is not intended to guide budgetary plan-
ning as a flat 70% coverage rate is not realistic; rather, it
is intended to simply provide insight into the compara-
tive magnitude of resources that would be required
under favorable circumstances for each vaccine.

Model validation
As previously stated, both companion models for HPV
and rotavirus have been corroborated by comparing the
model-projected outcomes with those obtained using
more complex (stochastic or state-transition) models for
selected low- to middle-income countries [6,17]. In
doing so, we adjusted the key parameter assumptions of
the companion models to closely match those from the
more complex models. However, given that those com-
plex models used in the corroboration exercises are also
static and therefore inherently limited in capturing
indirect herd immunity effects, we also attempted to
compare the outcomes obtained using our static models
with those from published dynamic models for rotavirus
[57-59] and HPV [32,35,36,60-63]. Additional file 1

Table S1 presents details of the process using examples
of Vietnam, Kyrgyzstan, and Brazil.

Results
Model validation
The corroboration exercises showed that, for both rota-
virus and HPV, our results using the companion models
are consistent with those obtained from more compre-
hensive static models (Additional file 1 Table S1). The
comparison with a dynamic model of rotavirus devel-
oped in Kyrgyzstan [58] showed that our static model
projected slightly fewer health benefits (in terms of lives
saved and DALYs averted) presumably because our sta-
tic model cannot capture herd immunity effects, but
that the outcomes would be of the same order of mag-
nitude as those from the published dynamic model [42].
Similarly, for HPV, when we compared our static model
with a published dynamic model [32], the incremental
cost-effectiveness ratios (ICERs) from our static model
were somewhat higher compared to those from the
dynamic model over the ranges of program costs

Table 1 Comparison of the two analyses using an Excel-based model: Rotavirus versus HPV [6,15,18,19,38–55] (Continued)

Working definition and
description of composite
program costs

A composite vaccination program cost was defined to be a total
cost per vaccinated individual for delivering a full course of

vaccines, and was assumed to include the following cost items:
vaccine purchase, vaccine wastage, freight and insurance,

administrative cost, immunization support (including cold chain,
training, and operational costs), and other programmatic costs
(including surveillance and monitoring and social mobilization).

For a composite cost of I$10 and I$25, vaccine purchase cost was
US$4.5 (3 doses at US$.50 each) and US$15 (3 doses at US$5 each),

respectively.

Same

Levels of composite costs
used in a comparative
simulation

I$10 and I$25 Same

Medical utilization for
treatment

1) Rotavirus gastroenteritis requiring outpatient visit: one time
outpatient clinic visit

2) Rotavirus gastroenteritis requiring hospitalization: one time
outpatient visit plus a 3-day admission

3) Rotavirus gastroenteritis leading to deaths: one time outpatient
visit plus a 3-day admission

Stage-specific treatment costs assume
diagnostic workup, inpatient and outpatient

visits, follow-up [6,15]

Access to care 100% for the base-case
(varied in a sensitivity analysis)

Same

Sources of key data

Population prospect UN Population Prospect, The 2006 Revision [38] Same

Life expectancy WHO life tables (year 2006) [39] Same

Incidence (rotavirus-
associated deaths or cervical
cancer)

WHO estimates [40]
Published literature [20,21]

1) GLOBOCAN 2002 [41]
2) Cancer incidence in five continents (CI5C),
vol. I-VIII [42]
3) Cancer in Africa [43]

Treatment cost data WHO-CHOICE [44] WHO-CHOICE [44]
Published literature [6,15,18,19]

Serotype distribution Published literature [45-54] Published literature [28]

Disability weights Global Burden of Diseases 1990 [55] Same

ICER = incremental cost-effectiveness ratio, DALY = disability-adjusted life year.
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examined (I$25-I$400) (as expected), but the values
were of the same order of magnitude as those from the
dynamic model (Additional file 1 Table S1). This sug-
gests that our companion models would yield reasonably
consistent results compared with those that might be
obtained should a dynamic model be used.

Health outcomes
Vaccinating an entire single age cohort of infants and
pre-adolescent girls in the 72 GAVI-eligible countries
would amount to vaccinating approximately 75.8 million
infants of both genders for rotavirus and 32.5 million 9-
year-old girls for HPV (Table 2). Assuming 70% cover-
age, the numbers of vaccinated infants and pre-adoles-
cent girls were 53.0 million and 22.7 million for
rotavirus and HPV, respectively.
Model-projected health outcomes resulting from

simulating a single age cohort address the question,
“what outcomes would be expected if we vaccinated
70% of a single age group of infants and 70% of a single
age group of pre-adolescent girls (e.g., all 11-year-olds
today) - what outcomes would we expect if we tracked
the futures of these infants and girls over their respec-
tive lifetimes?” We found that, under the base-case
assumptions, rotavirus vaccines would prevent ~10.4
million outpatient visits, ~1.3 million hospital admis-
sions, and ~274,000 cases of rotavirus-associated deaths
among the vaccinated cohorts in GAVI countries over a
5-year time horizon. HPV vaccines would prevent
~360,000 cases of cervical cancer and ~286,000 cases of
cervical cancer-associated deaths among the cohort fol-
lowed for its lifetime. Assuming 70% coverage, the num-
ber of lives saved per 1,000 vaccinated individuals would
be about 5.2 for rotavirus vaccines versus 12.6 for HPV
vaccines (Table 2). Additional file 1 Table S2 presents
details of the country-specific health outcomes for each
of the GAVI countries.
Without discounting future health outcomes (as gen-

erally is recommended in a cost-effectiveness analysis),
years of life saved were ~15.74 and ~6.03 million for
rotavirus and HPV vaccines, respectively. The corre-
sponding figures for DALYs averted (without age-
weighting) were ~15.77 million for rotavirus and ~6.19
million for HPV vaccines. When we assumed 3% dis-
count rate for the future health outcomes, DALYs
averted were significantly reduced to ~7.15 million for
rotavirus and ~1.30 million for HPV vaccines. Note that
our base-case analyses calculated DALYs without age
weighting (i.e., with a uniform age weight). When we
weighted DALYs by age using the standard methods by
the Global Burden of Diseases (GBD) study [38], for
rotavirus vaccination, the undiscounted and discounted
(3%) numbers of DALYs averted increased to ~18.92
million and ~8.12 million, respectively. For HPV

vaccines, the corresponding figures decreased to ~4.85
million and ~1.15 million, respectively (Table 2).
Figure 3 presents the distribution of the averted death

burden in the GAVI-eligible countries for each of the
two vaccines by region. The upper panel shows that as a
result of rotavirus vaccination in the 72 GAVI countries,
~54% of the deaths averted would be in African settings
and just under a third of the deaths averted would be in
South Asian settings. The lower panel shows that as a
result of HPV 16,18 vaccination in the 72 GAVI coun-
tries, ~57% of the deaths averted would be in South
Asian settings and just under a third of deaths averted

Table 2 Health outcomes of rotavirus versus HPV
vaccination among the 72 GAVI-eligible countries
(following a single cohort)

Health outcome measures Rotavirus HPV

Target population (year 2010) 75,761,613 32,453,017

Number vaccinated 53,033,129 22,717,112

Number of lives saved per 1000 vaccinated 5.2 12.6

Deaths averted (r = 0%) 273,855 285,921

Deaths averted by region (r = 0%)
(% of total)

AFR D, E 148,541
(54%)

89,524
(31%)

AMR A, B, D 1,808 (1%) 6,651 (2%)

EMR D 30,238
(11%)

12,611
(4%)

EUR B, C 3,257 (1%) 3,554 (1%)

SEAR B, D 85,579
(31%)

161,724
(57%)

WPR B 4,432 (2%) 11,857
(4%)

Years of life saved (r = 0%) 15,740,674 6,030,585

Years of life saved (r = 3%) 7,121,323 1,266,029

DALYs averted (r = 0%, uniform age weight) 15,767,404 6,191,573

DALYs averted (r = 3%, uniform age weight)* 7,146,859 1,304,426

DALYs averted by region (r = 3%, uniform
age-weight) (% of total)

AFR D, E 3,748,499
(52%)

436,230
(33%)

AMR A, B, D 50,093
(1%)

34,160
(3%)

EMR D 784,703
(11%)

55,724
(4%)

EUR B, C 90,541
(1%)

21,296
(2%)

SEAR B, D 2,350,198
(33%)

707,996
(54%)

WPR B 122,825
(2%)

49,020
(4%)

DALYs averted (r = 0%, non-uniform age
weight)

18,920,531 4,847,082

DALYs averted (r = 3%, non-uniform age
weight)

8,121,119 1,148,295

r = discount rate, DALY = Disability-adjusted life year.

* Base-case
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would be in African settings. Additional file 1 Figure S1
presents the age-distribution of the averted death burden
projected. While the health benefits of rotavirus vaccina-
tion apply to children under age 5, the majority of the
health benefits from HPV vaccination is realized in adult-
hood and span across decades rather than single years.

Cost-effectiveness analysis: base-case results
Figure 4 presents the cost-effectiveness analysis results
of the two new vaccines for two different composite
vaccination program costs, I$10 and I$25. Except for
three outlier countries (Cuba, Moldova, and Ukraine)
cost-effectiveness profiles of the two vaccines were very
similar. In Cuba, Moldova, and Ukraine (not shown in
Figure 4), ICERs of rotavirus vaccines are relatively high
(I$28,480, I$12,190, and I$4,530 per DALY averted for
Cuba, Ukraine, and Moldova, respectively, assuming I
$25 per vaccinated child) presumably due to the

relatively low rotavirus disease burden (approximately 1,
2, and 5 rotavirus deaths per 100,000 children aged less
than 5 for Cuba, Ukraine, and Moldova, respectively).
For all other GAVI-eligible countries, at a cost of I$10

per vaccinated person (child or girl), for both rotavirus
and HPV vaccines, in more than 60 of the 72 countries,
either vaccination program was cost-saving or the cost per
DALY averted was less than I$200 (which is the lowest
2007 GDP per capita expressed in 2005 I$ among the 72
GAVI countries). At a cost of I$25 per vaccinated person,
the ICERs were higher, although still very attractive; using
the WHO’s cost-effectiveness threshold based on GDP per
capita [56], rotavirus vaccines would be considered cost-
saving or very cost-effective in 71 of 72 countries at a cost
per child of I$10 and very cost-effective in 68 of 72 coun-
tries at a cost per child of I$25. HPV vaccines would be
considered very cost-effective in 71 and 66 countries at a
cost of I$10 and I$25 per vaccinated girl, respectively.
Additional file 1 Table S3 presents details of the country-
specific cost-effectiveness results for each of the GAVI
countries. Additional file 1 Figure S2 shows the country-
specific ICERs categorized by region, for two composite
costs for each vaccine, I$10 and I$25. In general, the
ICERs for rotavirus vaccine at both costs are similar for
countries within the AFRO-D and AFRO-E regions. There
is greater variation in country-specific ICERs for HPV vac-
cines within all regions, including AFRO-D and AFRO-E.

Insight into the financial resources needed
The comparison of financial resources required for each
vaccine, holding coverage and cost constant, is intended
to only provide insight into the comparative magnitude
of resources that would be required under favorable cir-
cumstances for each vaccine. Additional file 1 Table S4
presents the financial requirements for the first decade
associated with introduction of each of the two new vac-
cines into GAVI countries, assuming a flat 70% coverage
over a 10-year period (2010-2019). Note that the esti-
mates of financial resources are based on the program
cost per individual of I$25 but are presented in US dol-
lars by converting the non-tradable portion of the com-
posite costs to 2005 US dollars, since budgets are
typically expressed in US dollars (or local currencies)
rather than international dollars [44]. The results show
that a 10-year rotavirus program would vaccinate ~537
million infants, requiring approximately US$11 billion to
reach 70% of eligible infants, while a similar program
for HPV would require ~US$4.9 billion to vaccinate
~237 million girls.

Sensitivity analysis
Table 3 presents selected results of a comprehensive
deterministic sensitivity analysis. Part (a) presents, using
a representative example of India, selected results of

Rotavirus

AFR D, 26.6%

AFR E, 27.7%
AMR, 0.7%

EMR, 11.0%

EUR, 1.2%

SEAR, 31.2%

WPR, 1.6%

AFR D AFR E AMR EMR EUR SEAR WPR

HPV

AFR D, 9.9%

AFR E, 21.4%

AMR, 2.3%

EMR, 4.4%

EUR, 1.2%

SEAR, 56.6%

WPR, 4.1%

Figure 3 Regional distribution of averted rotavirus-associated
and cervical cancer deaths in the 72 GAVI-eligible countries.
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univariate sensitivity analysis for a single country. For
rotavirus vaccines, results (in terms of ICERs) were
most sensitive to vaccination cost per child, discount
rate, rotavirus disease mortality, and vaccine efficacy.
For HPV vaccines, the most influential parameters
included vaccination cost per vaccinated girl, discount
rate, cervical cancer incidence, proportion of deaths
among incident cervical cancer cases, and vaccine effi-
cacy. For both vaccines, results were moderately sensi-
tive to treatment costs. Part (b) of the same table shows
how collective model outcomes for the GAVI-eligible
countries vary as the choice of discount rate and/or type
of age weight for DALY calculation are varied, for each
of the two vaccines. As also described in Table 2 health
outcomes in the forms of life years saved or DALYs
averted were more sensitive to discount rate than to the
choice of age weight. Finally, part (c) presents results of
scenario analysis (or multi-way sensitivity analysis), in
which vaccination costs, vaccine efficacy level, and mor-
tality rates were simultaneously varied, in the form of
numbers of countries that belong to each of the four
cost-effectiveness profile categories (i.e., cost-saving,
very cost-effective, cost-effective, and non-cost-effective)

defined by the WHO criteria [56] based on per capita
GDP. The results show that while the absolute numbers
of countries that belong to each category vary widely
depending on the combinations of the parameter values
assumed, the relative cost-effectiveness profiles between
the two vaccines (i.e., the distribution of the numbers of
countries that belong to each category for each vaccine)
did not vary remarkably.

Discussion
Our findings show that the number of lives saved in a
head-to-head comparison of a single-age cohort of
infants and pre-adolescent girls, with the rotavirus and
HPV vaccines, respectively, in the GAVI countries are
very similar even though the two vaccines target differ-
ent populations in terms of size and gender, and even
though the diseases the vaccines target have different
epidemiological features. The target population for rota-
virus vaccines is approximately twice as large as the tar-
get population for HPV vaccines (~76 million versus
~32 million for a single cohort) since the former
includes both genders while the latter only includes
girls. However, the absolute number of deaths averted
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Table 3 Selected results of sensitivity analysis

Parameters/Assumptions varied Outcome measures Rotavirus HPV

Part (a): One-way sensitivity analysis (Results for a single country, using India as a representative example)

Vaccination cost per individual ICER (I$/DALY averted)

I$5 16 saving

I$25 (base-case) 212 293

I$50 457 710

Incidence of rotavirus deaths ICER (I$/DALY averted)

80% of base-case 273 NA

100% (base-case) 212 NA

120% of base-case 171 NA

Incidence of cervical cancer ICER (I$/DALY averted)

80% of base-case NA 429

100% (base-case) NA 293

120% of base-case NA 203

Ratio of hospitalization to deaths associated with rotavirus ICER (I$/DALY averted)

80% of base-case 215 NA

100% (base-case) 212 NA

120% of base-case 209 NA

Proportion of deaths among incident cervical cancer
cases

ICER (I$/DALY averted)

50% NA 460

80% (base-case) NA 293

90% NA 261

Vaccine efficacy ICER (I$/DALY averted)

80% of base-case 273 397

base-case 212 293

120% of base-case 171 NA

Discount rate ICER (I$/DALY averted)

0% 92 saving

3% (base-case) 212 293

6% 377 1,609

Treatment costs ICER (I$/DALY averted)

75% of base-case 220 324

100% (base-case) 212 293

125% of base-case 204 262

Part (b): One-way/Two-way sensitivity analysis (Aggregated results across the GAVI-eligible countries)

Discount rate Years of life saved

r = 0% 15,740,674 6,030,585

r = 3% (base-case) 7,121,323 1,266,029

r = 6% 4,025,413 323,398

Discount rate Total incremental costs, I$

r = 0% 1,137,130,971 66,938,177

r = 3% (base-case) 1,106,950,990 422,123,822

r = 6% 1,078,274,716 494,334,220

[Discount rate, type of age weight] DALYs averted

[r = 0%, K = 0] 15,767,404 6,191,573

[r = 3%, K = 0] (base-case) 7,146,859 1,304,426

[r = 0%, K = 1] 18,920,531 4,847,082

[r = 3%, K = 1] 8,121,119 1,148,295

[Discount rate, type of age weight] No. of countries that belong to each of the cost-
effectiveness categories below (at the cost of I$25 per

vaccinated individual): [cost-saving, very cost-effective, cost-
effective, non-cost-effective]
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within each age cohort over their lifetime is slightly lower
for rotavirus vaccines than for HPV vaccines (~274,000
versus ~286,000); partly, this is due to the higher disease-
specific mortality (i.e., case fatality rate) of cervical cancer
compared to that of rotavirus gastroenteritis.
We found 5.2 lives were saved per 1,000 children vac-

cinated against rotavirus, and 12.6 lives were saved per
1000 pre-adolescent girls vaccinated against HPV 16,18.
The timing of the lives saved, however, drastically differs
since the deaths attributable to rotavirus occur in close
proximity to the acute infection, while deaths attributa-
ble to HPV-related cervical cancer occur in the girl’s
adult life largely after the age of 30.
Given this time difference of lives saved, when we

translated the health outcomes into DALYs averted
applying a 3% discount rate, the number of DALYs
averted was much higher with rotavirus vaccines com-
pared to HPV vaccines (~7.15 versus ~1.30 million).
Recently, arguments to use ‘slow discounting’ are made
on the basis of this large time effect when the health
outcome of an intervention is far in the future from the
time of the actual intervention [64].
When we used WHO’s cost-effectiveness threshold

based on GDP per capita, in most of the GAVI countries

(68 for rotavirus and 66 for HPV, at the cost of I$25 per
vaccinated individual) the incremental cost per DALY
averted was lower than each country’s GDP per capita -
implying both vaccines would meet the criterion for
being “very cost-effective” [44,56,64].
We emphasize that our analysis was intended to provide

a broad comparative overview of the potential impact of
the rotavirus and HPV vaccines in the GAVI-eligible
countries, rather than to provide precise estimates of the
cost-effectiveness profiles of the two vaccines. The com-
parison is not based on empiric data obtained from a
head-to-head clinical trial where randomization can mini-
mize the risk of introducing bias caused by differences in
the two vaccination programs. Such clinical trials are
incredibly difficult to design when the comparison is
based on different populations and for different condi-
tions. Our cost-effectiveness results should be considered
preliminary since the composite costs for vaccine purchase
and delivery were assumed to be the same for both vac-
cines and uniform across all GAVI-eligible countries, and
thus the differences in the cost-effectiveness results pri-
marily reflect the relative disease burden within and across
each of the GAVI countries. We therefore caution that
our base-case cost-effectiveness results should be

Table 3 Selected results of sensitivity analysis (Continued)

[r = 0%, K = 0] [0,71,1,0] [23,49,0,0]

[r = 3%, K = 0] (base-case) [0,68,4,0] [0,66,6,0]

[r = 0%, K = 1] [0,71,1,0] [23,49,0,0]

[r = 3%, K = 1] [0,68,4,0] [0,66,5,1]

Part (c): Scenario analysis (or multi-way sensitivity analysis) (Aggregated results across the GAVI-eligible countries)

Scenarios (defined by different combinations of different
values of the following parameters, with other parameter
values set at the base-case values):
- Vaccination costs, I$10, I$25, I$50
- Vaccine efficacy, 80%-/+20%
- Disease-specific mortality rates

No. of countries that belong to each of the cost-
effectiveness categories below

[cost-saving, very cost-effective, cost-effective, non-cost-
effective]

Scenario 1 (worst case)
- Vaccination costs: I$50
- Vaccine efficacy: 80% of base-case
- Mortality rates: 80% of base-case

[0,62,6,4] [0,40,25,7]

Scenario 2
- Vaccination costs: I$25
- Vaccine efficacy: 80% of base-case
- Mortality rates: 80% of base-case

[0,67,4,1] [0,60,10,2]

Scenario 3 (base-case)
- Vaccination costs: I$25
- Vaccine efficacy: base-case
- Mortality rates: base-case

[0,68,4,0] [0,66,6,0]

Scenario 4
- Vaccination costs: I$25
- Vaccine efficacy: 120% of base-case
- Mortality rates: 120% of base-case

[0,69,3,0] [1,69,2,0]

Scenario 5 (best case)
- Vaccination costs: I$10
- Vaccine efficacy: 120% of base-case
- Mortality rates: 120% of base-case

[5,67,0,0] [22,50,0,0]

r = discount rate, K = 0: uniform age weight, K = 1: non-uniform age weight. DALY = disability-adjusted life year.
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interpreted carefully. We suggest that, for priority setting
decisions at a country level, more rigorous comparisons
should be performed as country-specific data become
available. We hope our analysis would facilitate a more
specific discussion about important issues (as will be dis-
cussed later in this section) that should be considered in
setting priorities among different vaccination programs
competing for limited resources.
Other limitations of our analysis include the following:

First, our static models are not designed to capture
potential herd immunity effects that might result from
either vaccine intervention, thus likely underestimating
the true impact of the two vaccines. From a comparative
standpoint, our results do not reflect potential differ-
ences in level of herd immunity between the two vac-
cines, which in turn are dependent on multiple complex
factors (e.g., the nature of disease transmission and con-
tact pattern in a given setting) for each pathogen. Sec-
ond, when country-specific data were severely lacking,
our analysis relied on standardized assumptions that
may skew our estimates for both absolute and relative
vaccine benefits in different ways for each country. For
example, similar to the case of the composite vaccina-
tion program costs described previously, we relied on
standardized assumptions on medical utilization prac-
tices (e.g., one-time outpatient visit plus a 3-day admis-
sion for treating severe rotavirus gastroenteritis
requiring hospitalization) when calculating the costs to
treat diseases caused by the two pathogens in each
country. Third, due to the scarcity of relevant data on
rotavirus disease in older individuals, our rotavirus
model focuses on the disease burden among children
under age 5 with a time horizon of 5 years. While severe
rotavirus diseases occur primarily in younger children
and adult cases are usually not severe, it is known that
individuals older than 5 years may also develop sympto-
matic rotavirus diseases. Our study therefore presents a
likely, but moderate, underestimate of the health bene-
fits of rotavirus vaccination. Finally, we did not take into
account the potential impact of current supplementary
or alternative interventions (e.g., cervical cancer screen-
ing) on vaccine cost-effectiveness or the technological
changes that may affect the cost-effectiveness profiles of
the vaccines in the long-term.
Despite the limitations, the present comparative analy-

sis, coupled with our previously published analyses,
highlight some key factors related to the comparative
impact, affordability, cost-effectiveness, and distribu-
tional equity that decision-makers must consider when
introducing new interventions in resource-limited set-
tings. Moreover, the analysis provides insight into sev-
eral uncertainties that should be considered when
assessing these vaccines.

(a) Uncertainty about natural history, epidemiology, and
vaccine efficacy
Many aspects of the natural history of rotavirus and
HPV infection are still unknown, and there is still
uncertainty about the vaccines’ clinical effectiveness in
different settings. For example, for rotavirus, additional
research is needed to explore the nature of natural
immunity, the serotype distribution of rotavirus in local
settings, and long-term vaccine efficacy [16,65]. For
HPV, in addition to uncertainty surrounding serotype
distribution by setting (and over time) as well as the
magnitude of cross protection, there are also uncertain-
ties about duration of immunity and age-specific efficacy
once sexual debut has occurred [4,60,66,67]. Vaccine
performance, as well as natural history of HPV, in boys
is less certain than in girls although information is being
collected. Thus, whether an HPV vaccination program
should also include boys has been a subject of much
discussion [32,36,61,66,68-70]. These issues may affect
the effectiveness, cost-effectiveness, and budgets of pro-
grams vaccinating against rotavirus or HPV. Accord-
ingly, as new clinical evidence from local settings
becomes available, re-evaluation of the vaccines in real-
world settings will be needed.

(b) Potential effects of different program costs
As previously discussed, it should be noted that our
comparative evaluation standardizes vaccination cost per
individual using a composite cost approach (i.e., set at
either I$10 or I$25 for all GAVI countries) [6,17]; this is
partly due to uncertainty about vaccine prices and coun-
try-specific program delivery costs associated with the
introduction of either vaccine and partly for ease of
comparison. Accordingly, the differences in the cost-
effectiveness profiles of rotavirus versus HPV vaccines
across the 72 GAVI countries stem mainly from the dif-
ferences in estimated disease burden and vaccine effi-
cacy adjusted for serotype distributions. It is of course
possible that the unit prices of the two different vaccines
may settle at different levels. In addition, because it is
likely to be harder to reach adolescent girls than infants,
the net costs for delivering the two vaccines may not be
similar within some countries; on the one hand, the cost
for delivering HPV vaccines could be higher, and on the
other delivery may be packaged with other health pro-
grams, directed towards adolescents, a country is priori-
tizing [4,64,71-73]. Both of these factors could influence
the prioritization of the two vaccines within a country
or across all GAVI countries. Given that our sensitivity
analyses show that the cost-effectiveness results of the
two vaccines were most sensitive to the cost per vacci-
nated child or girl, it would be crucial to re-evaluate the
vaccines’ economic impact as more local data on
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delivery costs become available through country-specific
data collection efforts [74,75].

(c) Herd immunity effects
A limitation of any static companion model used to
assess vaccine programs is the omission of indirect herd
immunity effects that may be realized after a large-scale
introduction of either rotavirus or HPV vaccination pro-
gram [37,64]. Yet it is notable that the extent of herd
immunity effects can vary between vaccines and across
settings, depending on the scale of interventions and
multiple other biological, epidemiological, and beha-
vioral factors. A recent study in the United States has
reported that a rotavirus vaccination program with 70%
coverage would reduce rotavirus infection prevalence by
an additional 15-25% due to herd immunity effects [57],
but another recent study in Kyrgyzstan has suggested
that the contribution of herd immunity effects to the
overall severe rotavirus disease burden reduction would
be minimal (~1%). Other studies have reported the
potential herd immunity effects due to HPV vaccination
would be more prominent [32,35,36,60-63]. Given that
there have been no negative indirect effects (e.g., as
shown in the case of rubella vaccine due to a shift in
the age of onset of the disease) reported from either of
the vaccines, the explicit inclusion of any possible herd
immunity effects would presumably lead to more favor-
able cost-effectiveness results for both rotavirus and
HPV vaccines (though the extent may vary between the
two vaccines and across the countries).

(d) Discounting
As others have discussed, a constant discount rate may
underestimate the benefits of a health intervention in
which benefits are realized in the far distant future
when compared to an intervention where benefits occur
relatively soon after implementation [4,11,64,76,77]; our
comparative model-based evaluation of rotavirus versus
HPV vaccines illuminates this fact clearly. Our findings
show that, although the total number of averted deaths
following a single cohort would be very similar between
the two vaccines (~274,000 for rotavirus versus
~286,000 for HPV vaccines) under the base-case
assumptions, the numbers of undiscounted DALYs
averted substantially differ (~15.77 million for rotavirus
versus ~6.19 million for HPV vaccines) as a majority of
the deaths averted due to HPV vaccination would occur
at much older ages (after age 30). This discrepancy in
DALYs averted was even greater when we assumed a
3% discount rate; DALYs averted were significantly
reduced to ~7.15 million for rotavirus and ~1.30 million
for HPV vaccines, leading to a greater than 5-fold differ-
ence. Applying an alternative discounting technique
such as a slow discounting [64,76,77] to the evaluation

of HPV vaccines may lead to a more favorable cost-
effectiveness profile (of an already favorable profile) of
HPV vaccines. As we will discuss later, the choice of
discount rate may also be related to some ethical con-
cerns regarding whether and to what extent some lives
should be considered to have more value. Accordingly,
this study highlights the need for the use of alternative
discount rates even in a secondary analysis, as some pre-
vious studies [11,64,76,77] recommend.

(e) Population dynamics
In the standardized simulation for the GAVI countries,
we used population data projected by the UN Popula-
tion Prospects (The 2006 Revision) [38]. Among alterna-
tive projections, we chose to use the data that are based
on a medium fertility scenario, incorporate background
mortality, and are interpolated at 1-year intervals by age
and sex. The Prospects predicts various changes in
population structure over the next few decades. Most
relevantly, it assumes a rapidly increasing population
growth rate among adolescents and adults due to
decreased overall mortality paired with relatively slow
growth in new births in most developing countries (with
some exceptions) [38]. For example, if we follow the tra-
jectory of a cohort of 9-year-old girls during their life-
span, the sum of the numbers of women alive at each
age between ages 40-79 years–the age band where a
majority of cervical cancer deaths occur–would be ~951
million in total for the 72 GAVI countries while the cor-
responding figure from the snapshot in 2010 is ~372
million. In contrast, the corresponding figures for the
population size of young children aged 0-4 years–the
relevant age band for rotavirus vaccines–are ~371 mil-
lion following the 2010 birth cohort and ~366 million
using the snapshot in the same year. The remarkable
increase of the age band 40-79 years explains in part the
gap between the recently observed total number of cer-
vical cancer deaths (~160,000; from a snapshot) and the
model projected figure (~560,000; from a trajectory
incorporating population dynamics) without HPV vacci-
nation in the GAVI countries. This suggests that, for
both vaccines, the magnitudes of the actual financial
requirements and reduction in disease burden might be
different from the values projected using the companion
model if actual population dynamics are different from
those projected by the version of population prospects
that we used.
In addition to efficiency issues and uncertainties in

disease burden and program costs, there are ethical as
well as political considerations, that may be relevant in
prioritizing new vaccine introduction in resource-poor
settings. In terms of potential ethical considerations, in
addition to distributional equity, our comparison of the
age-distribution of the health outcomes between
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rotavirus and HPV vaccines suggests that, at a local
level, a country’s decision to place priority on one vac-
cine over the other under limited resources may cause
public concerns of inter-generational equity. Further, at
the global level, given the regional distribution of the
health outcomes is different between the two vaccines
(i.e., rotavirus vaccines would avert a majority of deaths
in African settings while HPV vaccines would do so in
South Asian settings), prioritization of one vaccine over
the other may raise some inter-regional equity concerns.
Finally, since rotavirus vaccination provides direct bene-
fits to girls and boys, and right now HPV 16,18 vaccina-
tion would provide direct benefit to girls only (boys
would only benefit indirectly), there could be concerns
about gender equity that might be relevant to decision-
making. One purposeful goal of an exercise such as this
is to generate information that will stimulate a delibera-
tive dialogue among both decision makers and stake-
holders about just these very issues.
Political considerations will also be important to con-

sider in priority setting [78]. Although a full analysis
and discussion of the criteria is beyond the scope of this
article, it is crucial to recognize potential policy implica-
tions of taking into account different dimensions of cri-
teria when making decisions on which vaccines to
prioritize, not only for a comparison of rotavirus versus
HPV vaccines as illustrated here, but for a more com-
prehensive comparison including other new vaccines
such as pneumococcus. Recently there has been a
renewed commitment to help local policy makers with
priority setting and resource allocation, arguing for the
need for multi-criteria decision analysis [12,13,79].
Furthermore, when multiple new vaccines are assigned
priority in a country, it would be also important to con-
sider the implications of different timing or sequences
of vaccine introduction. For example, a new vaccine that
reduces early childhood mortality (e.g., rotavirus vac-
cine) may increase the impact of a subsequent vaccine
targeting adolescents (e.g., HPV vaccine) by increasing
the size of the target population for the latter vaccine.
This suggests the necessity of developing a more flexible
model that can capture population dynamics as well as
transmission dynamics for multiple vaccines of interest.

Conclusions
In conclusion, it would be desirable for policy makers to
be able to make decisions about the timing of new vac-
cine introduction using country-specific information,
taking into account various criteria that could affect
priority-setting procedures, and considering the impact
on other health sectors and systems [13,80-82]. While
avertable burden and cost-effectiveness are among these
criteria, other critical factors considered in decision
making and prioritization include (but are not limited

to) externalities, horizontal and generational equity, poli-
tical criteria, and affordability. Our findings show that
both rotavirus and HPV vaccines have potential to
reduce mortality and be cost-effective investments in
GAVI country settings, with very similar cost-effective-
ness profiles in terms of cost per DALY averted. How-
ever, we note that the absolute avertable burden will
vary with regional differences in disease-specific mortal-
ity, and that the comparative cost-effectiveness could
very well vary with country-specific differences in pro-
grammatic delivery costs and pricing, if markedly differ-
ent between the two vaccines. While the benefits of
these two new vaccines will be realized at different
times, the number of lives saved with these two vaccines
over each target populations’ lifetime will be quite simi-
lar. Our study illustrates that the use of comparable
models, consistent assumptions, and standardized out-
put that reports results similarly, allows for comparison
of the two new vaccines on different dimensions; this
approach can enrich the discussion about what attri-
butes might be weighted most prominently in the prior-
ity-setting process. Nevertheless, we re-emphasize that
our analysis was intended to provide an early insight on
what aspects of vaccine impact should be considered in
priority setting, using the examples of rotavirus versus
HPV vaccines in the GAVI-eligible countries. Accord-
ingly, for priority setting in an individual country, a
more comprehensive analysis should be performed, con-
sidering all relevant vaccination programs and using
country-specific data. In addition, given uncertainties
surrounding the epidemiology of the diseases, the vac-
cines’ target coverage, and the longer term vaccine
effects (e.g., herd immunity effects or serotype replace-
ment), iterative comparative evaluations will be prudent.

Additional material

Additional file 1: Supplemental Appendix. Tables S1-S4 and Figures
S1-S2.

Acknowledgements
This study was funded in part by the Bill and Melinda Gates Foundation.
Support for SK was also provided -in part- by the Harvard Global Health
Institute. The funding sources did not have any influence on the design and
conduct of the study. The authors greatly appreciate the comprehensive
comments and extraordinary efforts to provide productive feedback made
by the peer-reviewers.

Author details
1Center for Health Decision Science, Harvard School of Public Health, Boston
MA, USA. 2Harvard Global Health Institute, Cambridge, MA, USA.

Authors’ contributions
SK and SG conceptualized and designed the study. SK and SS acquired data
and performed analyses. SK, SS and SG interpreted the data and results. JC
acquired data, refined the model, and performed analyses. SK and SG

Kim et al. BMC Infectious Diseases 2011, 11:174
http://www.biomedcentral.com/1471-2334/11/174

Page 15 of 17

http://www.biomedcentral.com/content/supplementary/1471-2334-11-174-S1.PDF


drafted the manuscript. SS provided administrative and technical support
and provided technical expertise in managing data quality. All authors
contributed to the revision of the manuscript and approved the final
version.

Competing interests
The authors declare that they have no competing interests.

Received: 9 April 2010 Accepted: 16 June 2011 Published: 16 June 2011

References
1. Cost effectiveness of rotavirus vaccines and other interventions for

diarrhoeal diseases: meeting report 2006. Wkly Epidemiol Rec 2006,
81(37):350-3.

2. WHO: Vaccine introduction guidelines: adding a vaccine to a national
immunization programme: decision and implementation. Geneva,
Switzerland: WHO; 2005, Report No.:WHO/IVB/05.18.

3. Beutels P, Van Doorslaer E, Van Damme P, Hall J: Methodological issues
and new developments in the economic evaluation of vaccines. Expert
Rev Vaccines 2003, 2:649-660.

4. Goldie SJ, Goldhaber-Fiebert JD, Garnett GP: Chapter 18: Public health
policy for cervical cancer prevention: The role of decision science,
economic evaluation, and mathematical modeling. Vaccine 2006,
24(Suppl 3):S155-63.

5. Buxton MJ, Drummond MF, Van Hout BA, et al: Modelling in economic
evaluation: an unavoidable fact of life. Health Econ 1997, 6(3):217-27.

6. Goldie SJ, O’Shea M, Campos NG, et al: Health and economic outcomes of
HPV 16,18 vaccination in 72 GAVI-eligible countries. Vaccine 2008,
26:4080-93.

7. Atherly D, Dreibelbis R, Parashar UD, Levin C, Wecker J, Rheingans RD:
Rotavirus vaccination: cost-effectiveness and impact on child mortality
in developing countries. J Infect Dis 2009, 200(Suppl 1):S28-38.

8. Rheingans RD, Antil L, Dreibelbis R, et al: Economic costs of rotavirus
gastroenteritis and cost-effectiveness of vaccination in developing
countries. Journal of Infectious Diseases 2009, 200:S16-27.

9. Sinha A, Levine O, Knoll M, et al: Cost-effectiveness of pneumococcal
conjugate vaccination in the prevention of child mortality: an
international economic analysis. Lancet 2007, 369:389-96.

10. Lydon P, Beyai PL, Chaudhri I, et al: Government financing for health and
specific national budget lines: the case of vaccines and immunization.
Vaccine 2008, 26:6727-34.

11. Beutels P, Scuffham PA, MacIntyre CR: Funding of drugs: do vaccines
warrants a different approach? Lancet 2007, 8:727-33.

12. Jehu-Appiah C, Baltussen R, Acquah C, et al: Balancing equity and
efficiency in health priorities in Ghana: the use of multicriteria decision
analysis. Value in Health 2008, 11:1081-87.

13. Baltussen R, Niessen L: Priority setting of health interventions: the need
for multi-criteria decision analysis. Cost Effectiveness and Resource
Allocation 2006, 4:14.

14. Musgrove P, Fox-Rushby J: Chapter 15 Cost-effectiveness analysis for
priority setting. Disease Control Priority Project , 2.

15. Goldie SJ, Kim JJ, Kobus K, Goldhaber-Fiebert JD, Salomon J, O’Shea MKH,
et al: Cost-effectiveness of HPV 16, 18 vaccination in Brazil. Vaccine 2007,
25:6257-70.

16. Kim SY, Goldie SJ, Salomon JA: Cost-effectiveness of rotavirus vaccination
in Vietnam. BMC Public Health 2009, 9:29.

17. Kim SY, Sweet S, Slichter D, Goldie SJ: Health and economics outcomes of
rotavirus vaccination in GAVI-eligible countries. BMC Public Health 2010,
10:253.

18. Goldie SJ, Diaz M, Constenla D, Alvis N, Andrus JK, Kim SY: Mathematical
models of cervical cancer prevention in Latin America and the
Caribbean. Vaccine 2008, 26(S11):L59-72.

19. Goldie SJ, Diaz M, Kim SY, Levin CE, Minh HV, Kim JJ: Mathematical models
of cervical cancer prevention in the Asia Pacific region. Vaccine 2008,
26(S12):M17-29.

20. Kosek M, Bern C, Guerrant RL: The global burden of diarrhoeal disease, as
estimated from studies published between 1992 and 2000. Bull World
Health Organ 2003, 81(3):197-204.

21. Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI: Global illness
and deaths caused by rotavirus disease in children. Emerg Infect Dis 2003,
9(5):565-72.

22. Gentsch JR, Woods PA, Ramachandran M, et al: Review of G and P typing
results from a global collection of rotavirus strains: implications for
vaccine development. J Infect Dis 1996, 174(Suppl 1):S30-S36.

23. Santos N, Hoshino Y: Global distribution of rotavirus serotypes/genotypes
and its implication for the development and implementation of an
effective rotavirus vaccine. Rev Med Virol 2005, 15:29-56.

24. WHO: Meeting of the immunization Strategic Advisory Group of Experts,
April 2009 - conclusions and recommendations. Weekly Epidemiological
Record 2009, 84(23):220-236.

25. IARC: Globocan 2008: cancer fact sheet. 2010 [http://globocan.iarc.fr/
factsheets/cancers/cervix.asp], [accessed on October 23, 2010].

26. World Health Organization (WHO): Projections of mortality and burden of
disease.[http://www.who.int/healthinfo/global_burden_disease/en/index.
html], [accessed on October 23, 2010].

27. Munoz N, Castellsague X, de Gonzalez AB, Gissmann L: Chapter 1. HPV in
the etiology of human cancer. Vaccine 2006, 24(Suppl 3):S1-10.

28. Smith JS, Lindsay L, Hoots B, Keys J, Franceschi S, Winer R, et al: Human
papillomavirus type distribution in invasive cervical cancer and high-
grade cervical lesions: a meta-analysis update. Int J Cancer 2007,
121:621-32.

29. WHO: Prequalified Vaccines.[http://www.who.int/immunization_standards/
vaccine_quality/PQ_vaccine_list_en/en/index.html].

30. GAVI Alliance: GAVI Alliance Board Meeting October 2008.[http://www.
who.int/immunization/sage/Vaccine_investment_strategy_implementation.
pdf], Doc #6 - Vaccine Investment Strategy.

31. Kim JJ, Kuntz KM, Stout NK, Mahmud S, Villa LL, Franco EL, et al: Multi-
parameter calibration of a natural history model of cervical cancer. Am J
Epidemiol 2007, 166:137-50.

32. Kim JJ, Andres-Beck B, Goldie SJ: The value of including boys in an HPV
vaccination programme: a cost-effectiveness analysis in a low-resource
setting. Br J Cancer 2007, 97(9):1322-8.

33. Diaz M, Kim JJ, Albero G, de Sanjosé S, Clifford G, Bosch FX, Goldie SJ:
Health and economic impact of HPV 16 and 18 vaccination and cervical
cancer screening in India. Br J Cancer 2008, 99(2):230-8.

34. Kim JJ, Kobus KE, Diaz M, O’Shea M, Van Minh H, Goldie SJ: Exploring the
cost-effectiveness of HPV vaccination in Vietnam: insights for evidence-
based cervical cancer prevention policy. Vaccine 2008, 26(32):4015-24.

35. Kim JJ, Goldie SJ: Health and economic implications of HPV vaccination
in the United States. N Engl J Med 2008, 359(8):821-32.

36. Kim JJ, Goldie SJ: Cost-effectiveness analysis of including boys in a
human papillomavirus (HPV) vaccination programme in the United
States. BMJ 2009, 339:b3884.

37. Kim SY, Goldie SJ: Cost-effectiveness analyses of vaccination
programmes: a focused review of modelling approaches.
Pharmacoeconomics 2008, 26(3):191-215.

38. United Nations, Department of Economic and Social Affairs, Population
Division: World Population Prospects: The 2006 Revision. United Nations
publication, Sales No. E.07.XIII.7; 2007, CD-ROM Edition - Extended Dataset
in Excel and ASCII formats.

39. World Health Organization (WHO): Life tables for WHO member states.
2006 [http://apps.who.int/whosis/database/life/life_tables/life_tables.cfm?
path=whosis], [accessed on January 29, 2008].

40. WHO: Estimated rotavirus deaths for children under 5 years of age:
2004.[http://www.who.int/immunization_monitoring/burden/
rotavirus_estimates/en/index.html].

41. Ferlay J, Bray F, Pisani P, Parkin DM: GLOBOCAN2002. Cancer incidence,
mortality and prevalence worldwide France: IARC Press; 2004, IARC Cancer
BaseNo. 5 Version 2.0. Lyon.

42. Parkin DM, Whelan SL, Ferlay J, Storm H: Cancer incidence in five
continents. IARC CancerBase No. 7. Lyon; 2005I-VIII.

43. Parkin DM, Ferlay J, Hamdi-Che’rif M, Sitas F, Thomas JO, Wabinga H,
Whelan SL, (Eds.): Cancer in Africa: epidemiology and prevention. IARC
Scientific Publications No. 153. Lyon: IARC; 2003.

44. Tan-Torres Edejer T, Baltussen R, Adam T, (Eds.), et al: Making choices in
health: WHO guide to cost-effectiveness analysis. Geneva: World Health
Organization; 2003.

45. Dey SK, Hayakawa Y, Rahman M, Islam R, Mizuguchi M, Okitsu S, Ushijima H:
G2 strain of rotavirus among infants and children, Bangladesh. Emerg
Infect Dis 2009, 15(1):91-4.

46. Steele AD, Ivanoff B: Rotavirus strains circulating in Africa during 1996-
1999: emergence of G9 strains and P[6] strains. Vaccine 2003, 21:361-7.

Kim et al. BMC Infectious Diseases 2011, 11:174
http://www.biomedcentral.com/1471-2334/11/174

Page 16 of 17

http://www.ncbi.nlm.nih.gov/pubmed/14711326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14711326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9226140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9226140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18550229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18550229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19817610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19817610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19817595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19817595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19817595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17276779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17276779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17276779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18625279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18625279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19602214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16923181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16923181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17606315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19159483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19159483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20470426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20470426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12764516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12764516?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12737740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12737740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8752288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8752288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8752288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15484186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15484186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15484186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19499606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19499606?dopt=Abstract
http://globocan.iarc.fr/factsheets/cancers/cervix.asp
http://globocan.iarc.fr/factsheets/cancers/cervix.asp
http://www.who.int/healthinfo/global_burden_disease/en/index.html
http://www.who.int/healthinfo/global_burden_disease/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/16406226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16406226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17405118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17405118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17405118?dopt=Abstract
http://www.who.int/immunization_standards/vaccine_quality/PQ_vaccine_list_en/en/index.html
http://www.who.int/immunization_standards/vaccine_quality/PQ_vaccine_list_en/en/index.html
http://www.who.int/immunization/sage/Vaccine_investment_strategy_implementation.pdf
http://www.who.int/immunization/sage/Vaccine_investment_strategy_implementation.pdf
http://www.who.int/immunization/sage/Vaccine_investment_strategy_implementation.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17526866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17526866?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17923869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17923869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17923869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18612311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18612311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18602731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18602731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18602731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18716299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18716299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19815582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19815582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19815582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18282015?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18282015?dopt=Abstract
http://apps.who.int/whosis/database/life/life_tables/life_tables.cfm?path=whosis
http://apps.who.int/whosis/database/life/life_tables/life_tables.cfm?path=whosis
http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/index.html
http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/19116061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12531633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12531633?dopt=Abstract


47. Silva PA, Stark K, Mockenhaupt FP, Reither K, Weitzel T, Ignatius R, et al:
Molecular characterization of enteric viral agents from children in
northern region of Ghana. J Med Virol 2008, 80(10):1790-8.

48. Nielsen NM, Eugen-Olsen J, Aaby P, Molbak K, Rodrigues A, Fischer TK:
Characterisation of rotavirus strains among hospitalized and non-
hospitalised children in Guinea-Bissau, 2002: A high frequency of mixed
infections with serotype G8. J Clin Virol 2005, 34(1):13-21.

49. Samajdar S, Ghosh S, Chawla-Sarkar M, Mitra U, Dutta P, Kobayashi N, et al:
Increase in prevalence of human group A rotavirus G9 strains as an
important VP7 genotype among children in eastern India. J Clin Virol
2008, 43(3):334-9.

50. Banerjee I, Ramani S, Primrose B, Moses P, Iturriza-Gomara M, Gray JJ, et al:
Comparative study of the epidemiology of rotavirus in children from a
community-based birth cohort and a hospital in South India. J Clin
Microbiol 2006, 44(7):2468-74.

51. Gentsch JR, Laird AR, Bielfelt B, Griffin DD, Banyai K, Ramachandran M, et al:
Serotype diversity and reassortment between human and animal
rotavirus strains: implications for rotavirus vaccine programs. J Infect Dis
2005, 192(Suppl 1):S146-59.

52. Uchida R, Pandey BD, Sherchand JB, Ahmed K, Yokoo M, Nakagomi T, et al:
Molecular epidemiology of rotavirus diarrhea among children and adults
in Nepal: detection of G12 strains with P[6] or P[8] and a G11P[25]
strain. J Clin Microbiol 2006, 44(10):3499-505.

53. Espinoza F, Bucardo F, Paniagua M, Svensson L, Hallander HO, Bondeson K:
Shifts of rotavirus g and p types in Nicaragua–2001-2003. Pediatr Infect
Dis J 2006, 25(11):1078-80.

54. Moyo SJ, Gro N, Kirsti V, Matee MI, Kitundu J, Maselle SY, et al: Prevalence
of enteropathogenic viruses and molecular characterization of group A
rotavirus among children with diarrhea in Dar es Salaam Tanzania. BMC
Public Health 2007, 7:359.

55. Murray CJL, Lopez AD: Estimating causes of death: new methods and
global and regional applications for 1990. In The global burden of disease,
vol. 1 of Global burden of disease and injury series. Edited by: Murray CJL,
Lopez AD. Cambridge, MA: Harvard University Press; 1996:117-200.

56. World Health Organization (WHO): Macroeconomics and Health Investing
in Health for Economic Development: Report of the Commission on
Macroeconomics and Health. Geneva: World Health Organization; 2001.

57. Pitzer VE, Viboud C, Simonsen L, et al: Demographic Variability,
Vaccination, and the Spatiotemporal Dynamics of Rotavirus Epidemics.
Science 2009, 35:290-294.

58. de Blasio BF, Kasymbekova K, Flem E: Dynamic model of rotavirus
transmission and the impact of rotavirus vaccination in Kyrgyzstan.
Vaccine 2010, 28:7923-7932.

59. Shim E, Galvani AP: Impact of transmission dynamics on the cost
effectiveness of rotavirus vaccination. Vaccine 2009, 27:4025-30.

60. Garnett GP, Kim JJ, French K, Goldie SJ: Chapter 21: Modelling the impact
of HPV vaccines on cervical cancer and screening programmes. Vaccine
2006, 24(Suppl 3):S178-86.

61. Kim JJ, Brisson M, Edmunds WJ, Goldie SJ: Modeling cervical cancer
prevention in developed countries. Vaccine 2008, 26(11):K76-K86.

62. Dasbach EJ, Elbasha EH, Insinga RP: Mathematical models for predicting
the epidemiologic and economic impact of vaccination against human
papillomavirus infection and disease. Epidemiol Rev 2006, 28:88-100.

63. Anonychuk AM, Bauch CT, Merid MF, Van Kriekinge G, Demarteau N: A
cost-utility analysis of cervical cancer vaccination in preadolescent
Canadian females. BMC Public Health 2009, 9:401.

64. Initiative for Vaccine, Research of WHO Department of Immunization,
Vaccines and Biologicals of WHO: WHO Guide for Standardization of
Economic Evaluations of Immunization Programmes 2008., WHO/IVB/
08.14.

65. Ruiz-Palacios GM, Perez-Schael I, Velazquez FR, Abate H, Breuer T,
Clemens SC, et al: Human Rotavirus Vaccine Study Group: Safety and
efficacy of an attenuated vaccine against severe rotavirus
gastroenteritis. N Engl J Med 2006, 354(1):11-22.

66. Bosch FX, Burchell AN, Schiffman M, Giuliano AR, de Sanjose S, Bruni L,
Tortolero-Luna G, Kjaer SK, Muñoz N: Epidemiology and natural history of
human papillomavirus infections and type-specific implications in
cervical neoplasia. Vaccine 2008, 26(Suppl 10):K1-16.

67. Schiller JT, Castellsagué X, Villa LL, Hildesheim A: An update of
prophylactic human papillomavirus L1 virus-like particle vaccine clinical
trial results. Vaccine 2008, 26(Suppl 10):K53-61.

68. Cuschieri K: Should boys receive the human papillomavirus vaccine? No.
BMJ 2009, 339:b4921.

69. Hibbitts S: Should boys receive the human papillomavirus vaccine? Yes.
BMJ 2009, 339:b4928.

70. Kim JJ: Vaccine policy analyses can benefit from natural history studies
of human papillomavirus in men. J Infect Dis 2007, 196(8):1117-9.

71. Andrus JK, Sherris J, Fitzsimmons JW, Kane MA, Aguado MT: Introduction
of human papillomavirus vaccines into developing countries -
international strategies for funding and procurement. Vaccine 2008,
26(Suppl 10):K87-92.

72. Andrus JK, Lewis MJ, Goldie SJ, García PJ, Winkler JL, Ruiz-Matus C, de
Quadros CA: Human papillomavirus vaccine policy and delivery in Latin
America and the Caribbean. Vaccine 2008, 26(Suppl 11):L80-7.

73. WHO: A new approach to planning for immunization - WHO-UNICEF
guidelines for developing a comprehensive multi-year plans (cMYP).
[http://www.who.int/immunization_financing/tools/cmyp/en/].

74. PATH: Shaping strategies to introduce HPV vaccines: formative research
results from India, Peru, Uganda, and Vietnam.[http://www.rho.org/
formative-res-reports.htm].

75. Burns JE, Mitrovich RC, Jauregui B, Matus CR, Andrus JK: Descriptive
analysis of immunization policy decision making in the Americas. Rev
Panam Salud Publica 2009, 26(5):398-404.

76. Jamison DT, Breman JG, Measham , et al: Disease Control Priorities in
Developing Countries. New York: Oxford University Press;, 2 2006.

77. Jamison DT, Jamison JS: “Discounting”. Disease Control Priorities Project
Working Paper 4 World Bank, Washington, DC; 2003.

78. Musgrove P: Public spending on health care: how are different criteria
related? Health Policy 1999, 47:207-23.

79. Baltussen R, Asbroek AHA, Koolman X, Shrestha N, et al: Priority Setting
using multiple criteria: should a lung health programme be
implemented in Nepal? Health Policy and Planning 2007, 22:178-185.

80. Shillcutt SD, Walker DG, Goodman CA, et al: Cost effectiveness in low- and
middle- income countries: a review of the debates surrounding decision
rules. Pharmacoeconomics 2009, 27(11):903-17.

81. Epstein DM, Chalabi Z, Claxton K, et al: Efficiency, equity, and budgetary
policies: informing decisions using mathematical programming. Medical
Decision Making 2007, 27:128-37.

82. Baltussen R: Priority setting of public spending in developing countries:
do not try to do everything for everybody. Health Policy 2006, 78:149-56.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/11/174/prepub

doi:10.1186/1471-2334-11-174
Cite this article as: Kim et al.: Comparative evaluation of the potential
impact of rotavirus versus hpv vaccination in GAVI-eligible countries: A
preliminary analysis focused on the relative disease burden. BMC
Infectious Diseases 2011 11:174.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kim et al. BMC Infectious Diseases 2011, 11:174
http://www.biomedcentral.com/1471-2334/11/174

Page 17 of 17

http://www.ncbi.nlm.nih.gov/pubmed/18712819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18712819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16087119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16087119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16087119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18755625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18755625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16825366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16825366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16088798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16088798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17021073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17021073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17021073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17072136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20933563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20933563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19389452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19389452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16740585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16740585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16740585?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19878578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19878578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19878578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19969601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19969602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18847561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18945405?dopt=Abstract
http://www.who.int/immunization_financing/tools/cmyp/en/
http://www.rho.org/formative-res-reports.htm
http://www.rho.org/formative-res-reports.htm
http://www.ncbi.nlm.nih.gov/pubmed/20107690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20107690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10538919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10538919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19888791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19888791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19888791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16303204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16303204?dopt=Abstract
http://www.biomedcentral.com/1471-2334/11/174/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Rotavirus
	HPV

	Methods
	Previous studies for HPV
	Previous studies for rotavirus
	Comparative evaluation
	Model validation

	Results
	Model validation
	Health outcomes
	Cost-effectiveness analysis: base-case results
	Insight into the financial resources needed
	Sensitivity analysis

	Discussion
	(a) Uncertainty about natural history, epidemiology, and vaccine efficacy
	(b) Potential effects of different program costs
	(c) Herd immunity effects
	(d) Discounting
	(e) Population dynamics

	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


