a@g © 1997 Nature Publishing Group http://www.nature.com/naturemedicine

NEWS & VIEWS

N 1998, oN the 25th anniversary of the

discovery of rotavirus, the medical com-
munity is likely to be delivered an extra-
ordinary gift in the form of the first
vaccine that is proven to protect against
rotavirus diarrhea, a severe childhood dis-
ease. The product is a live, oral, quadriva-
lent rhesus rotavirus vaccine, developed
by Kapikian and colleagues’. It will be ad-
ministered in three doses at the time of a
child’s routine immunizations (two to six
months). Two papers, published in the
New England Journal of Medicine® and the
Lancet®, report the very positive results of
what has been a long and tortuous path
to a rotavirus vaccine.

When rotavirus was discovered by
Bishop and colleagues* in Australia, diar-
rhea was recognized to be a common
childhood illness and, in the developing
world, it ranked as the most or second
most common cause of death among
those under five years of age (see figure).
But an etiologic agent—such as
Salmonella, Shigella or Vibrio cholerae,
could be found in fewer than 10% of
hospitalized cases. Within five years of
its discovery, rotavirus was implicated in
20-60% of hospitalized cases of diar-
rhea. It was estimated® that, of the 3 mil-
lion diarrheal deaths per year, more
than 800,000 could be attributed to
rotavirus (see figure). Because rotavirus
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affected rich and poor children alike, in
both developed and developing coun-
tries, it seemed unlikely that traditional
public-health measures aimed at im-
proving water, food or sanitation would
alter the incidence of the disease.
Attempts at prevention needed to be di-
rected toward the development of safe
and effective vaccines.

The vaccine now tested was developed’
from a rotavirus strain (serotype 3) origi-
nally isolated from a rhesus monkey with
diarrhea. To broaden protection against
the three other rotavirus serotypes com-
monly found in humans (types 1, 2 and
4), reassortant strains were prepared and
combined in a quadrivalent vaccine. The
rotavirus genome has 11 segments, and
each reassortant was composed of a single
gene segment encoding the main outer
capsid protein (VP7) responsible for viral
neutralization of each of the three
serotypes, with the remaining ten seg-
ments coming from the parent rhesus
strain.

Many epidemiological studies have
shown that, in children, natural immu-

IMAGE

UNAVAILABLE

FOR

COPYRIGHT

REASONS

Rotavirus vaccines at the threshold

The latest trials of a live, oral quadrivalent rhesus rotavirus vaccine may open the door

nity develops after the first (and then
subsequent) infection. Moreover, with
each infection a child’s risk of severe dis-
ease is diminished®’. The vaccine acts by
a similar mechanism and, when adminis-
tered early, ensures that the child’s first
infection does not lead to illness.

Perez-Schael et al” describe a catch-
ment trial in Venezuela, involving over
2,200 children from a poor urban area of
Caracas. Efficacy of the vaccine ranged
from 48% against all episodes of ro-
tavirus diarrhea, to 70% against hospital-
ization and 75% against dehydrating
disease. Joensuu and colleagues® studied
children in Finland, where 16% of 1,207
placebo recipients developed rotavirus
diarrhea, 8% had severe illness and 1.3%
were hospitalized. But the vaccine had
an efficacy of 66%, 91% and 100%
against these three outcomes, respec-
tively. These studies extend our under-
standing of the behavior of the vaccine
in different settings, and lay out some of
the challenges ahead for implementing
programs based on the use of this—and
future—vaccines (see table).

In the United States, as in other industri-
alized countries, rotavirus is generally mild
and rarely fatal (2040 deaths per year), al-
though it incurs substantial morbidity and
costs®. Around 50,000 children are hospi-
talized per year, representing 3-4% of all

Estimated global
distribution of the
800,000 annual deaths
due to rotavirus diarrhea.
Rotavirus is the most
common cause of acute
childhood gastroenteritis.
Although it mainly affects
children in developing
countries, it also causes
morbidity in the
developed world. Perez-
Schael et al.? and Joensuu
et al.? have tested a live,
oral quadrivalent rhesus
rotavirus vaccine in
Venezuela and Finland,
respectively, and the
results indicate that the
virus could protect
against this severe
diarrheal disease.
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Country Age No. enrolled,
groups vaccinated/
placebo
USA™ 5-25 weeks 403/400
USA" 2-6 months 347/348
Finland® 3-5 months 1190/1208
Venezuela®  8-18 weeks 1112/1095

three doses of 4x10° plaque-forming units.

hospitalizations in children under five
years of age. The economic impact exceeds
$300 million in medical costs and $1 bil-
lion in total costs, including indirect costs
such as the loss of salary of the care-giver’.
Two multi-center trials of the rotavirus vac-
cine had been conducted previously in the
United States and, although both had
shown 50% efficacy against all rotavirus di-
arrhea and 80-90% efficacy against severe
disease, they did not have enough hospi-
talizations to predict efficacy against this
most costly outcome. But the studies of
Perez-Schael et al.? and Joensuu et al.3 now
provide confirmation that the vaccine will
be particularly effective against hospitaliza-
tion. Moreover, it protected against noso-
comial rotavirus infections as well.
Perez-Schael et al. are the first to show
the potential usefulness of this rotavirus
vaccine in a developing country. Two pre-
vious trials in Brazil and Peru, using a 10-
fold lower dose of the same vaccine, gave
only partial protection. Furthermore,
earlier candidate rotavirus vaccines that
looked promising when tested in devel-
oped countries, showed little efficacy
when tested in developing countries.
These failures could have been due to vac-
cine potency, viral interference in the gut,
or the design and execution of the trials.
But Perez-Schael and colleagues obtained
results comparable to those in Finland
and the United States, indicating that live,
oral vaccines clearly have a use in the de-
veloping countries where they are most
needed. For some of these countries, such
as Venezuela, this success has led them to
consider taking the next obvious step—to
begin a demonstration project and deter-
mine the effectiveness of the vaccine
when it is incorporated into the Expanded
Programme on Immunization.
Large-scale use of the vaccine should
provide information about the risk of un-

Summary of tetravalent human-rhesus reassortant vaccine efficacy studies

*Episodes/100 child years in recipients of vaccine (V) or placebo (P).

Qutcomes
All rotavirus diarrhea  Severe rotavirus diarrhea
Efficacy  Incidence* Efficacy Incidence*
(V/P) (V/P)
49 13/25 80 2/9
50 11/23 64 2/8
68 1/9 91 0.2/4
48 3/6 88 0.15/1

Included are studies using the vaccine dose and administration schedule to be recommended for use; that is,

common side-effects, the efficacy of two
doses of vaccine versus three, the cost-
effectiveness of the program and, ulti-
mately, whether rotavirus-associated
hospitalizations and deaths can be pre-
vented on a large scale. Globally, how-
ever, more research is needed before
rotavirus vaccines can be added to the
routine schedule of childhood immu-
nizations. The first vaccine heading for
licensure has never been tested in
African or Asian children, and past expe-
rience with the low immunogenicity of
oral polio vaccines in India would cau-
tion against rash introductions before
further field testing.

Unlike children in developed coun-
tries, children in tropical developing
countries experience most of their severe
rotavirus diarrhea in the first year of life,
so vaccines will have to be delivered early
on—perhaps at birth. Testing a birth dose
and establishing its efficacy in field trials
will take three to four years. Moreover,
extensive epidemiology to examine the
disease burden or rotavirus diarrhea and
assess the cost-effectiveness of an immu-
nization program will be critical in many
countries, to establish the local need for
the vaccine and to determine how best to
monitor the outcome of an immuniza-
tion campaign. And even if countries
wanted to begin using the vaccine tomor-
row, supply is not available and initial (al-
though not subsequent) costs are likely to
be beyond the range of other childhood
vaccines sold to developing countries.
Nonetheless, the first vaccine is prepared
from virus grown in tissue culture, so
once the development costs have been
covered, and once competition or local
production begins, the price of the vac-
cine could be quite low.

The 25th-anniversary gift of a first
generation of licensed rotavirus vaccines
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may soon be with us and, given the
incomplete protection of this vaccine
against mild disease, the modest rate of
adverse side-effects, and the initial cost,
the door is open to the next generation
of vaccines. Other candidate vaccines
that are being considered include other
rotavirus strains of human and animal
origin, virus-like particles and inacti-
vated strains, and microencapsulated
products. But the basics of pathogenesis,
such as the mechanisms of immunity,
virulence and host range remain unclear,
and it is amazing to see how far the em-
pirical approach to vaccine development
has come without a more complete
understanding of the scientific basis of
disease and immunity.
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