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ABSTRACT

Introduction: Rotavirus vaccines have the potential to prevent a substantial amount of life-threatening
gastroenteritis in young African children. This paper presents the results of prospective cost-effectiveness
analyses for rotavirus vaccine introduction for Kenya and Uganda.
Methodology: In each country, a national consultant worked with a national technical working group to
identify appropriate data and validate study results. Secondary data on demographics, disease burden,
health utilization, and costs were used to populate the TRIVAC cost-effectiveness model. The baseline
analysis assumed an initial vaccine price of $0.20 per dose, corresponding to Gavi, the Vaccine Alliance
stipulated copay for low-income countries. The incremental cost-effectiveness of a 2-dose rotavirus vac-
cination schedule was evaluated for 20 successive birth cohorts from the government perspective in both
countries, and from the societal perspective in Uganda.
Results: Between 2014 and 2033, rotavirus vaccination can avert approximately 60,935 and 216,454
undiscounted deaths and hospital admissions respectively in children under 5 years in Kenya. In Uganda,
the respective number of undiscounted deaths and hospital admission averted is 70,236 and 329,779
between 2016 and 2035. Over the 20-year period, the discounted vaccine program costs are around US$
80 million in Kenya and US$ 60 million in Uganda. Discounted government health service costs avoided
are US$ 30 million in Kenya and US$ 10 million in Uganda (or US$ 18 million including household costs).
The cost per disability-adjusted life-year (DALY) averted from a government perspective is US$ 38 in
Kenya and US$ 34 in Uganda (US$ 29 from a societal perspective).
Conclusions: Rotavirus vaccine introduction is highly cost-effective in both countries in a range of plausible
‘what-if’ scenarios. The involvement of national experts improves the quality of data used, is likely to
increase acceptability of the results in decision-making, and can contribute to strengthened national
capacity to undertake economic evaluations.

© 2015 Elsevier Ltd. All rights reserved.

* Corresponding author. Tel.: +1 206 285 3500; fax: +1 206 285 6619.
E-mail address: mmvundura@path.org (M. Mvundura).
T Dominic Mutie, Peter Kamau, Amina Ishmael Mungai, Terry Watiri, Zipporah Gatheru, Joyce Charo, Bonface Osano, Bakari Mwinyi, Rose Kamenwa, ]. Nyangoa, Kennedy
Chitala, Charles Muitherero, Nancy Koskei, Tom Omurwa, Peninah Murunga.
2 Robert Mayanja, Hellen Aanyu, David Mugisha, Augustine Mulindwa, Esther Nalumansi, Annet Kisakye, Luzze Henry, Peter Lochoro, Josephine Bwogi, Aliyi Walimbwa,

Edward Robinson, Jolly Ruhambarama.

http://dx.doi.org/10.1016/j.vaccine.2014.12.079
0264-410X/© 2015 Elsevier Ltd. All rights reserved.


dx.doi.org/10.1016/j.vaccine.2014.12.079
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2014.12.079&domain=pdf
mailto:mmvundura@path.org
dx.doi.org/10.1016/j.vaccine.2014.12.079

A110 C. Sigei et al. / Vaccine 33S (2015) A109-A118

1. Background

Diarrhea is the second leading cause of death worldwide among
children aged 1-59 months [1]. Rotavirus is the main cause of
severe childhood diarrhea [2,3] accounting for about 192,700
deaths each year (range 133,100-284,400), with about 50% of the
deaths occurring in the World Health Organization (WHO) Africa
Region [4]. WHO also estimates that 7.3% of deaths among children
under 5 in Uganda and 6.4% in Kenya are attributable to rotavirus
[5].

Rotavirus vaccines offer an opportunity to avert a substan-
tial amount of childhood morbidity and mortality [6,7]. Currently,
there are two rotavirus vaccines that are prequalified by WHO and
supported by Gavi, the Vaccine Alliance (Gavi): the pentavalent
Merck RotaTeq® (RV5), and GlaxoSmithKline Biologicals’ monova-
lent Rotarix® (RV1). Both are orally administered vaccines given
to young infants via a 2-dose (Rotarix®) or 3-dose (RotaTeq®)
schedule. Post-introduction studies in the USA and elsewhere have
shown that vaccine introduction has led to a reduction in the
disease burden, and especially a reduction in the number of hospi-
talizations due to rotavirus [8].

Several African countries have introduced rotavirus vaccines
into their national immunization programs. The vaccine was
introduced in July 2014 in Kenya, while introduction in Uganda is
planned for 2016. Both countries have shown a preference for the
monovalent (RV1) vaccine which has fewer recommended doses
than the pentavalent vaccine (RV5). In Kenya, another important
practical consideration was the vaccine vial monitor which comes
with RV1 but not RV5.

The cost-effectiveness of a new health intervention is one of the
several important factors considered by decision-makers before
an intervention is introduced. Therefore, a key objective of this
analysis was to evaluate the cost-effectiveness of introducing RV1
into the routine immunization programs of Kenya and Uganda. The
study used a decision support model and country-led process first
developed under the ProVac Initiative of the Pan American Health
Organization (PAHO) [9]. This study also aimed to strengthen
national capacity to collect, use, and interpret epidemiological and
economic evidence.

2. Methods
2.1. The process of conducting the country studies

In both countries, a national consultant was hired who then
convened a national team of experts (the technical working group
[TWG]), which had expertise in rotavirus, surveillance, immu-
nization, and health system costs. Each team worked together
to identify possible data sources for the model inputs and to
determine the best choice of data to be used in the model. A com-
prehensive review of all published literature with special focus on
local studies was supplemented by other local unpublished data,
where relevant. The consultants also worked with the TWG to
identify appropriate national sources of evidence, including gov-
ernment reports and national epidemiological studies. The TWG
also reviewed the model results and helped develop a set of plausi-
ble ‘what-if’ scenarios. The study results were presented to national
stakeholders by the national consultant on behalf of the national
team.

2.2. TRIVAC model overview

The TRIVAC cost-effectiveness model (version 2.0) was used.
This model was developed by PAHO’s ProVac Initiative in collab-
oration with researchers from the London School of Hygiene and

Tropical Medicine. The TRIVAC model is an Excel-based model
(Microsoft Corporation, Redmond, Washington, US) used to evalu-
ate the cost-effectiveness of three childhood vaccines (Haemophilus
influenzae type b, pneumococcal conjugate vaccine, and rotavirus
vaccine) [10]. The model has been designed for use at country level,
and it has been used to train national teams and carry out cost-
effectiveness evaluations in over 20 countries around the world.

The model input parameters are demographics, burden of dis-
ease, vaccine schedule, vaccine efficacy, vaccine coverage, vaccine
costs, health service utilization, and health service costs. Mid esti-
mates are entered for all parameters and used in the base-case
scenario. Low and high values are entered for the most uncertain
parameters and used in ‘what-if’ scenario analysis.

2.3. Comparator and key outcomes

In this study, a status quo of no vaccine introduction was com-
pared to RV1 introduction in the routine immunization program.
The model estimates the number of deaths, hospital admissions,
and outpatient visits, as well as disability-adjusted life-years
(DALYs) that can be averted by vaccine introduction. It also esti-
mates vaccination program costs and healthcare costs that could
be averted. Cost-effectiveness was estimated in terms of the cost
per DALY averted. Based on WHO CHOICE guidelines, our criteria
for cost-effectiveness was: if the incremental cost per DALY averted
is less the gross domestic product (GDP) per capita then the vaccine
was considered to be very cost-effective, if between one and three
times the GDP per capita it was cost-effective, and if greater than
three times the GDP per capita, then it was not cost-effective [11].

2.4. Conceptual framework for the analyses

In both Kenya and Uganda we evaluated the impact of RV1
introduction on rotavirus gastroenteritis (RVGE) outpatient visits,
inpatient admissions, and deaths. In addition, the TRIVAC model
allows the user to select whether or not they wish to consider the
morbidity associated with RVGE cases, irrespective of whether or
not they use health care services. RVGE cases were not included in
the Kenya analysis, but in Uganda we evaluated the impact of the
vaccine on non-severe and severe RVGE cases. The choice of the
type of analysis was driven by the local context, i.e., the type and
quality of disease burden data available and the type of evidence
considered to be most relevant for national decision-makers.

2.5. Model set-up parameters

Based on country introduction plans, 2014 was selected as
the year of vaccine introduction for Kenya; 2016 was selected
for Uganda. Cost-effectiveness was evaluated for 20 birth cohorts
because this is the maximum number of birth cohorts included in
the TRIVAC model and it allows for trends in influential parame-
ters such as RVGE mortality and vaccine price. It was assumed that
rotavirus vaccine would be given with no age restriction, i.e., that
vaccination can be initiated for children older than 15 weeks. This
assumption was based on a recent WHO recommendation to lift
the age restriction in countries with high rotavirus mortality [7].
Costs and benefits were discounted at 3% [12].

For Kenya, the analysis was done only from the government per-
spective due to insufficient data on lost wages and indirect medical
costs incurred by households. For Uganda, both government and
societal perspectives were evaluated.

2.6. Demographic data

Projections of live births, child mortality rates, and life
expectancy over the 20-year period evaluated were obtained from
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