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other diarrheal diseases in Africa.?
Beyond the immediate threat of
death lies the menace of the silent,
long-term effect of repeated or
persistent diarrheal illnesses that
impair the physical and cognitive
development of impoverished chil-
dren, who may be robbed of intel-
lectual potential — up to 10 IQ
points, according to some esti-
mates — by the lack of safe water
and sanitation.*

Although it is clear that re-
sources and political will must be
mobilized to bring the sanitary
and treatment revolutions to sub-
Saharan Africa, critical questions
remain about cholera prediction,
prevention, and response in Africa.
We are only beginning to under-
stand the interactive microbial and
societal virulence factors that in-
fluence the spread of V. cholerae.
Recently shed vibrios, for example,
appear to be substantially more
infectious than those that have
adapted to their aquatic environ-
ment — a finding that high-
lights the importance of disrup-
tions in water and sanitation.
Rising water temperatures, which
lead to plankton blooms, may in-
crease the prevalence of vibrios in
the natural environment and the
risk of epidemic cholera in areas
where drinking water is obtained

from untreated surface sources.
Vibriophage, on the other hand,
may dampen an epidemic and
might provide a biologic tool for
epidemic control. Inexpensive
techniques for household water
treatment (including point-of-use
chlorination, filtration, and solar
disinfection) can prevent cholera
and other waterborne diseases but
have not been scaled up to reach
the hundreds of millions of peo-
ple who could benefit from them
while awaiting access to piped
treated water. An oral cholera vac-
cine is widely marketed, but de-
spite a successful field trial in Mo-
zambique,° the number of doses,
time required to engender protec-
tive immunity, short duration of
protection, and cost have limited
its usefulness in epidemic response
and in the control of endemic dis-
ease. A less expensive and simpler
single-dose formulation of this
vaccine is currently in field trials.

In 2005, the reported incidence
of cholera in Africa was 95 times
that in Asia and 16,600 times that
in Latin America. In 2007, the re-
ported rate of death from cholera
in Africa was seven times that in
Asia; no cholera-related deaths
have been reported in Latin Amer-
ica since 2001.* These preventable
cases and deaths result from a
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lack of essential infrastructure,
inadequate health care delivery,
and the failure of the global com-
munity to muster the political will
necessary to extend the benefits of
the sanitary and treatment revo-
lutions to all people. The lion is in
our human village, and we must
do more than sound the alarm.
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Rotavirus Vaccines — Early Success, Remaining Questions
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In 2006, the results of pivotal
clinical trials of two new rota-
virus vaccines — RotaTeq (Merck)
and Rotarix (GlaxoSmithKline) —
were published, and high efficacy
(85 to 98%) against severe rota-
virus diarrhea was reported for
both products.®»? Perhaps even

more important, neither vaccine
was associated with intussuscep-
tion, an adverse effect that had
led to the withdrawal of another
rotavirus vaccine — RotaShield,
made by Wyeth-Lederle — from
the U.S. market in 1999. The rap-
id resurgence of rotavirus vaccines

after the abrupt and devastating
setback associated with the with-
drawal of RotaShield was remark-
able, reflecting the commitment
of the public health community
and the vaccine industry to pre-
venting this most common cause
of severe diarrhea in children. In
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the United States, rotavirus causes
an estimated 3 million cases of
diarrhea each year; medical atten-
tion is sought for more than
500,000 children, and 60,000 to
70,000 are hospitalized. In the de-
veloping world, the disease Kkills
more than half a million children
annually. Both vaccines have been
recommended for routine immu-
nization of U.S. infants (RotaTeq
in February 2006 and Rotarix in
June 2008) and have also been
introduced in the routine immu-
nization programs of several coun-
tries in Latin America and Europe,
and in Australia.

In the United States, more than
20 million doses of RotaTeq had
been distributed as of June 2008.
Although nationally representative
data on rotavirus vaccine coverage
are not yet available, information
from six sentinel sites indicates
that median coverage with one
dose of rotavirus vaccine among
infants 3 months of age has in-
creased steadily since the launch
of RotaTeq vaccination and had
reached 58% (range, 51 to 68) by
December 2007.3 If these data re-
flect vaccine uptake nationwide for
the rotavirus season from early
winter 2007 through spring 2008,
an estimated 31% of U.S. children
under 2 years of age would have
received at least one dose of rota-
virus vaccine. The rate of uptake
of rotavirus vaccines among U.S.
children appears to be similar to
that of other recently introduced
childhood vaccines (e.g., pneumo-
coccal conjugate vaccine and vari-
cella vaccine), allaying concerns
about the potentially negative ef-
fect the adverse experience with
RotaShield could have had on the
use of new rotavirus vaccines.

Despite the fairly modest esti-
mated rotavirus vaccine coverage
among U.S. children, several sur-
veillance reports presented at the
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annual joint meeting of the In-
fectious Diseases Society of Amer-
ica and the Interscience Confer-
ence on Antimicrobial Agents and
Chemotherapy in October 2008
(www.icaacidsa2008.org) show re-
markable changes in U.S. rotavi-
rus activity in 2008. For example,
data from a national network of
sentinel laboratories showed that

Negative-Stain Electron Micrograph
of Rotavirus A.

The virus is 70 to 75 nm in diameter and
has three protein layers, two of which are
visible, which is typical of rotavirus. This
specimen was stained with 2% methyla-
mine tungstate. The bar represents 100 nm.

the onset and peak of the 2008
rotavirus season were delayed by
15 weeks and 8 weeks, respective-
ly, as compared with the six con-
secutive seasons preceding the in-
troduction of the first new vaccine
(see graph).* Furthermore, in 2008,
the number of positive rotavirus
tests decreased by 67% as com-
pared with 2000 through 2006,
and the proportion of all rotavirus
tests performed in 2008 that were
positive was 69% lower than the
median proportion during the ro-
tavirus seasons from 2000 through
2006. The observed change in
rotavirus activity appears to be
greater than what would have been
expected on the basis of estimated
vaccine coverage; this change has
also been noted among children
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over the age of 3 years, who
would have been too old to be
eligible for vaccination in 2007
and 2008. These findings suggest
that vaccination of a proportion of
the population could be conferring
indirect benefits on unvaccinated
persons, thanks to reduced viral
transmission in the community
(i.e., herd immunity), a hypothesis
that needs to be further evaluated
as additional data are gathered.
Although the clinical trial data
on safety with respect to intussus-
ception were reassuring, post-
licensure monitoring for this po-
tential adverse event is ongoing in
the United States and other coun-
tries that are routinely vaccinating
against rotavirus. Available data
from 2 years of monitoring in the
United States do not indicate that
RotaTeq is associated with intus-
susception.> An intussusception
risk similar in magnitude to that
of RotaShield can be ruled out on
the basis of the safety data avail-
able to date; however, continued
monitoring is necessary for com-
plete assessment of the safety pro-
file of RotaTeq and to assess the
safety of Rotarix in clinical use.
Because the risk of intussus-
ception with RotaShield might
have been greater among infants
vaccinated after 3 months of age
and because there is a lack of safe-
ty data on new rotavirus vaccines
in older infants, current guidelines
recommend against initiating ro-
tavirus vaccination after 14 weeks
of age. A high level of compliance
with this recommendation has
been observed in the United States,
with 86 to 93% of first doses be-
ing administered between 6 and
12 weeks of age.3 These stringent
age restrictions, however, have the
potential to result in major reduc-
tions in vaccine coverage in devel-
oping countries, where delays in
the timing of vaccination are com-
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mon and exact age is not accurate-
ly recorded — an issue that will
need to be considered in formu-
lating policy for vaccine use in
these settings.

Despite the promising early
data from the United States, a key
unanswered question is whether
rotavirus vaccines will work equal-
ly well in the developing world,
where they offer the greatest po-
tential lifesaving benefits. Expe-
rience with previous candidate
rotavirus vaccines, as well as vac-
cines against polio, cholera, and
typhoid fever, has shown that the
efficacy of live, oral vaccines can
be impaired in developing coun-
tries. Several host and environ-
mental factors — such as inter-
ference by maternal antibodies,
concurrent administration of oral
polio vaccine, prevalent viral and
bacterial infections of the gut,
and malnutrition — could affect
the processing of vaccine in the
infant gut and impair an infant’s
ability to generate an effective im-
mune response. For these reasons,
the World Health Organization
(WHO) has recommended evalu-
ation of the efficacy of rotavirus
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vaccines in developing countries
of Asia and Africa before issu-
ing a recommendation for global
vaccine use. Both RotaTeq and
Rotarix are being tested in these
regions, and the results of these
trials are eagerly anticipated.

If rotavirus vaccines demon-
strate acceptable efficacy in de-
veloping countries and the WHO
issues a global recommendation
for their use, mechanisms for fi-
nancing the introduction of the
vaccines and securing a sustain-
able and affordable supply will be
key to ensuring that they reach
children in the poorest countries,
where the vast majority of deaths
from rotavirus occur. The Global
Alliance for Vaccines and Immu-
nization (GAVI) has already ap-
proved financial support for the
purchase of rotavirus vaccines for
eligible countries (those with a
gross national income of less than
$1,000 per capita) in Latin Amer-
ica and Europe, where vaccine ef-
ficacy has been proven, with a
copayment for countries of 15 to
30 cents for a full vaccine series
for each child. GAVI will decide
whether to provide financial sup-
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port for the purchase of rotavirus
vaccine for countries in Asia and
Africa after data from trials in
these areas become available.
With financial support and rec-
ommendations from the WHO
and other international health or-
ganizations, the long wait for safe
and effective vaccines to prevent
deaths and severe disease from
rotavirus diarrhea among children
in the developing world may soon
be over. In countries where these
vaccines are currently being used
as part of childhood immuniza-
tion programs, their benefits are
becoming readily apparent. In the
United States, with increasing up-
take of vaccine, we anticipate sig-
nificant respite for children, par-
ents, physicians, and health care
facilities from the large burden of
rotavirus disease in the current

rotavirus season.
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