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Annotations

Rotavirus vaccines-achievements and prospects

In studies in various parts of the world, especially in

tropical countries, rotavirus infection has been
shown to cause the most severe and fatal diarrhoeal
illnesses in the first two years of life, in areas where
the faecal/oral contamination is very high, probably
in the first nine months or so of life. The balance of
antibodies conferring immunity is still uncertain.
Certainly, intestinal immunity does seem to be
important, as mediated by IgA. Nevertheless, neo-
nates seem to be comparatively immune to serious
rotavirus infection, although undoubtedly they do
become infected, but numerous studies have shown
that infection in this age group is mild or
subclinical. 1-4 Presumably, this is mediated by
maternal (transplacental) IgG, although various
efforts to associate resistance with IgG antibody
concentrations in the mothers has not been
successful. According to the classical experiments
in pigs,6 maternal antibody ought not to be effective
at all; but perhaps human infants do not react like
piglets.

Serotypes of human rotavirus

Four serotypes of human rotavirus are well estab-
lished, and a fifth has recently been proposed. It is
also well established that rotaviruses from different
species can infect piglets, sometimes causing di-
arrhoea, sometimes, as with the human serotypes,
causing merely seroconversion. Herds of pigs and
flocks of sheep are scanty in the streets of Birming-
ham, Bethesda, or Tokyo; but in tropical countries
where young animals wander in and out of human
dwellings at will, ample opportunity must exist for
infection of children by animal viruses and vice
versa. A good study to determine whether animal
rotaviruses do infect young children or human
rotaviruses young animals is badly needed.
Do all the serotypes of human rotaviruses need to

be included in a vaccine? Animal experiments have
shown that infection of gnotobiotic piglets by one

serotype certainly did not confer protection against
infection by another serotype, although it did confer
very good protection on challenge with the homolo-
gous serotype.7 Zissis et al found evidence, how-
ever, that a bovine rotavirus vaccine candidate
seemed to protect colostrum deprived piglets against
infection by human rotavirus strains.8 Armed with
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this information Vesikari et al set up a trial in
Finland of a bovine rotavirus vaccine, code name
RIT 4237.9 '0 This was given in a dose of 108.1 plaque
forming units. It was found to be perfectly safe and
had no detectable side effects on serum transaminase
activity or white cell blood counts, and seroconversion
after one dose was 35% in neonates and about 70%
in bottle fed infants aged 4-6 months. This vaccine
gave over 80% protection during the first winter
against clinical significant diarrhoea lasting more
than 24 hours. These results were surprising. When
the paper came out we went over it with a fine
toothcomb looking for an error; there was no error.
The vaccine seemed to be protective against a
second winter of diarrhoea viruses in the same group
of children, although numbers of cases were small:
seven in the placebo group, one in the vaccine group
(Delem, personal communication). We wait to find
out whether the trials now under way in Peru and
shortly to begin in The Gambia will show the same
sort of protection in tropical countries where the
challenge dose of virus is probably much larger than
in the hygienic households of Helsinki. One dis-
advantage of this vaccine is that the dose of 108 1 tissue
culture infective doses is very large, and the vaccine
must be correspondingly expensive to make. Also,
because in tropical countries often the only chance
of getting a child to the vaccination centre is once
early in his life, the child must be immunised against
polio and measles as well: will the rotavirus vaccine
interfere with the polio or the polio with the
rotavirus? Some early results from Israel and
elsewhere suggest that polio vaccine may interfere
with rotavirus vaccine, but not vice versa; more
work is required, however, to establish this point
beyond doubt.

Other vaccines

Human rotaviruses have now been established in
tissue culture, but so far no vaccine trials that I know
of have been mounted using tissue culture isolates of
a rotavirus isolated from human diarrhoea. A
Japanese group have been endeavouring to make
cold adapted strains of rotaviruses-that is, rota-
viruses that will grow at low temperatures-in the
hope that these will be avirulent.11 The National
Institutes of Health, Bethesda group, have developed
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a vaccine derived from a rhesus rotavirus.'2 This
virus has the same neutralisation serotype as human
serotype 3. This, unfortunately, in the dosage
originally used (about 106.5 infective units) caused
quite appreciable and occasionally severe febrile
responses in children, though not in adults. It did
give a high rate of seroconversion in children. At the
lower dose of 104-5 infective units, however, it was still
effective and without serious side effects. This
vaccine is at present on trial in Venezuela. The
human rotavirus strain WA, adapted to tissue
culture in Bethesda, unfortunately caused rises of
transaminase activities in human volunteers. This
particular virus strain was found to be contaminated
with a simian foamy virus derived from the tissue
culture cells used, but it is unlikely that this caused
the rises in transaminase activities, and perhaps it
may be a characteristic of diarrhoea viruses that they
cause a temporary increase in transaminase activi-
ties. This point has not been adequately investigated
in studies of natural infections.
The results with the calf rotavirus vaccine have

been unexpectedly good. All previous experience
with many other virus vaccines, however, has shown
that the more closely the vaccine virus serologically
resembles the pathogen it is hoped to block, the
better the results.7 On that basis we must expect that
the rhesus rotavirus vaccine, or a vaccine based
upon a mixture of attenuated isolates of human
rotaviruses, will eventually give the best results.
A further possibility is the development of 'tailor

made' reassortant viruses, some of whose genes are
derived from one parent rotavirus (for example,
calf), and some from another virus (for example,
human).'2 Such a vaccine virus might combine the
ease of culture of the calf virus, so making it
comparatively cheap to make, with the immuno-
genicity of the human parent.

Perhaps no one yet has the ideal rotavirus
vaccine; trials are very expensive and take a long
time. The World Health Organisation has provided
much of the impetus and finance in bringing
developments on so quickly-after all, it is only 12
years since the human rotaviruses were first found.
It will probably be several years before we can assess
fully the prospect for successful mass immunisation.
But so far the signs are encouraging.

I thank Dr A Z Kapikian for letting me see a proof copy of his
paper on alternative approaches to the development of a rotavirus
vaccine in the Nobel Symposium of 1985.
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