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a b s t r a c t

Live oral rotavirus (RV) vaccines used worldwide are most effective in reducing diarrheal hospitalizations
from RV in high income countries and least effective in low income countries where RV remains a prime
cause of death in children. Research has failed to fully explain the reason for this difference of efficacy for
RV vaccines, an observation made with other live oral vaccines for polio, cholera and typhoid fever. Use of
parenteral vaccines have been successful in overcoming this problem for both polio and typhoid and par-
enteral RV vaccines are now in development. This approach should be pursued for rotavirus vaccine as
well because in low income countries where oral RV vaccines have been introduced and are only partially
effective, RV remains the most common cause of diarrhea in children under 5 years. The ultimate control
of RV diarrheal will likely require both oral and parenteral vaccines.

Published by Elsevier Ltd.

1. Introduction

Childhood mortality from diarrhea has declined remarkably
from 4 million deaths annually in the late 1970s to fewer than
500,000 by 2015 [1] of which an estimated 150,000–200,000 are
due to rotavirus (RV) and most occur in low income countries
(LICs). In 2006, pivotal clinical trials conducted in high and
middle-income countries in the Americas and Europe documented
the 85–98% efficacy of two oral rotavirus vaccines (ORVs), RotaTeq
(Merck) and Rotarix (GSK), against severe RV disease. Introduction
of these vaccines in the immunization programs in many of these
countries has dramatically reduced hospital admissions by
85–95% from RV [2]. In addition, Mexico documented a 40% decline
in mortality in diarrheal deaths among children following vaccine
introduction [3], raising the wonderful prospect that we might
soon consider global control of RV disease with ORVs. In 2009,
WHO recommended that all children be immunized against RV
and GAVI began an ambitious program to provide vaccines at a
substantially subsidized price in LICs to drastically reduce
childhood deaths and disease from RV.

Recent data evaluating the impact of RV immunization pro-
grams in LICs is tempering this enthusiasm (Fig. 1). The median
efficacy of both RotaTeq and Rotarix, as well as two nationally
licensed vaccines in India, Rotavac (Bharat Biotech) and RotaSiil
(Serum Institute of India) in LICs has been only 56% (range
18–79) against severe RV disease, significantly lower than the high
efficacy (median �90%) observed in high income settings. If we
estimate that 150,000 deaths from RV occur in LICs, and if 75% of
children receive a vaccine that has a median efficacy of 56%, we
could expect to prevent only 42% (63,000) of these deaths.
Consequently, while introduction of ORVs would substantially
reduce the burden of RV in LICs by 58%, RV would remain a leading
cause of severe or fatal childhood diarrhea even after vaccine
introduction [4].

The problem of lower performance of live oral vaccines in LICs is
not unique to RV but was seen before for live oral polio (OPV), cho-
lera and typhoid vaccines. For ORVs, hypotheses to explain their
underperformance in LICs have focused on factors that might lower
the titer of vaccine reaching target cells in the intestine – e.g., neu-
tralization of the vaccine virus in the gut from high titers of
transplacental or breast milk antibodies or stomach acid – or host
factors that interfere with infant’s immune response – e.g.,
co-administration with OPV and other variations in the gut
microbiome, or malnutrition [5]. Research to date has failed to
demonstrate the reason for this lower efficacy or provided a clear
strategy to improve the efficacy of ORVs. Trials to withhold breast
milk or OPV at the very time of immunization, add a booster dose,
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change the vaccine schedule, or alter the microbiome with probi-
otics have shown only marginally improved outcomes [6]. In addi-
tion to these performance challenges, ORVs have been burdened
with the rare risk of intussusception, prolonged shedding and
severe disease in SCIDs children, and delivery issues around their
relatively large volume in the cold chain.

2. Lessons from polio: IPV plays a role in polio endgame

The experience with OPV provides some cogent lessons to
understand the current problems with ORVs. Early studies in India
indicated that OPV performed less well than in other parts of the
world and the reasons were never fully explained. The National
Polio Eradication Program in India gave many children 10 or more
doses of OPV and still found that some developed paralysis. Inacti-
vated polio vaccine (IPV) played no role in the global eradication
effort until the very end when research determined that a combi-
nation of OPV and IPV could significantly improve efficacy [7] even
though it might not provide the herd protection seen with OPV. We
may never know if more early research on both the cause of under-
performance of OPV and the value of IPV as a booster in the erad-
ication program might have accelerated the success and lowered
the ultimate cost of this massive global effort.

3. Lessons from RV vaccine development: Don’t put all your
eggs in one basket!

The history of RV vaccine development has provided some les-
sons on the importance of having multiple vaccines available. In
1998, when RotaShield was launched, the manufacturer, Wyeth-
Lederle, never planned for a global market and other manufactur-
ers were waiting to see how well a RV vaccine would be accepted.
Nine months after its introduction in the United States, RotaShield
was withdrawn for a rare adverse event, intussusception. Both
Merck and GSK reassessed their strategies and accelerated devel-
opment of their own ORVs each cautiously assessing the risk of
intussusception from their own candidates.

Seven years and more than one million deaths later, these two
companies launched their new ORVs. Over time, cost and program-

matic challenges have favored Rotarix, which now commands 80%
of ORVs supplied to GAVI for LICs. Again, despite having two prod-
ucts on the market, one was strongly preferred for use in LICs by
virtue of its lower cost and two dose schedule, making the global
program dependent primarily upon a single vaccine manufacturer.
The lesson from this experience with both RotaShield and the
current two vaccines is clear. As the search for next generation
RV vaccines moves ahead, uncertainties around manufacturing,
dosing, price, formulation, stability, and ability to have a combina-
tion product can all effect the ultimate acceptability of the next
generation of vaccines. Consequently, we should consider develop-
ing multiple candidates and not depend upon a single product
from a single manufacturer to supply the next generation RV vac-
cines for LICs for the future.

4. New approaches to RV vaccines

All the routine childhood vaccines recommended today, with
the exception of oral polio and RV vaccines, are administered
exclusively by injection and provide levels of protection that have
made them universally acceptable for the global programs for
childhood immunization. For polio, IPV is becoming an essential
part of the endgame strategy for polio eradication with schedules
ranging from administering a single booster dose of IPV to all chil-
dren who were previously receiving only OPV, to providing three
or more doses of IPV alone or combined with a parenteral vaccine.
All currently licensed RV vaccines and many still in development
are live oral vaccines. However, today to address the lower efficacy
of the live oral RV vaccines in LICs, a number of parenteral RV vac-
cines (PRVs) are in active development (Table 1) [8]. The most
advanced candidate is a non-replicating rotavirus vaccine (NRRV)
derived from small VP8 fragments of the virus spikes of three
strains of RV. This vaccine was immunogenic in infants against
the target VP8 protein. Infants who received 3 doses of NRRV
and placebo were subsequently administered a live attenuated
vaccine, Rotarix. Shedding of Rotarix in the stool was reduced by
57% in the vaccinated group, indicating protection against a homol-
ogous virus [9]. Other approaches to parenteral vaccines have
included intact rotaviruses inactivated with either heat or

Fig. 1. Effectiveness of oral rotavirus vaccines by a country’s per capita GDP.
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