674

ing from phytochrome conversion is transmitted in the
opposite dircction. Further results suggest that this
must be movement of a chemical message, and not
mercly transmission of the light stimulus or of phyto-
chrome molecules. Nodulation is reduced in the roots
of plants of which the shoots alone have been treated
with far-red light. Irradiation of the roots with red
light, however, could not relieve the inhibition.

It is not simple to picture the part that phytochrome
plays in the development of root nodules, but it does
seem that the presence of Pfr is necessary for nodula-
tion. Plants grown in total darkness show little or no
tendency to form nodules, although this can be partially
overcome by low temperatures or exposure to small
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amounts of red light (McGonagle, Proc. Roy. Soc.
Edinburgh, B, 63, 219; 1949). This is probably a
result of carbohydrate availability. It is clear that it
is the symbiotic union of plant and bacterium which is
affected by the phytochrome system, and not merely
the physiological state of the plant alone. Lie has
found that far-red light most effectively inhibits
nodulation when the shoots or roots are irradiated
about three days after infection: far-red light given at
other times was comparatively ineffective. It will be
immensely interesting to learn more of how phyto-
chrome can influence such a complex interrelationship;
perhaps this will prove a new approach to tackling the
fascinating problems in the physiology of symbiosis.

Although rubella (German measles) causes comparatively few con-
by genital malformations, these are often severe and frequently multiple.
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Techniques are now available for accurate diagnosis and the develop-
ment of a vaccine ; in the future it should be possible to prevent
rubella during pregnancy. Although vaccines seem to be attenuated,
their effect on the foetus is not known, and they should not be given
during pregnancy.

Immunization schedules must be devised with

this in mind.

IN the past nine months two international conferences have
been held to discuss immunization against rubella. The
first took place in London in November 1968 under the
auspices of the Permanent Section of Microbiological
Standardisation! and the second in February this year at
the National Institutes of Health, Bethesda, Maryland.
(The proceedings of this were due for publication in July
and August®3.) Both conferences were concerned primarily
with immunization, but at both the opportunity was
taken to take a broad look at rubella as a disease. There
were papers on the epidemiology and naturel history of
rubellal?, clinical aspects and pathogenesis?, methods of
isolating the virus and identification of rubella antigens
and antibody!:2. There was also detailed discussion on
congenital rubella, its clinical aspects, pathogenesis and
immunology®2.  For those not intimately concerned with
the study of this virus discase, the holding of an inter-
national confercnce, let alone two, may at first sight scem
rather strange.

To most people, rubella is a mild disease with few
complications, which most of us contract at some time in
childhood or adolescence. Frequently pcople cannot
remember if they have had rubella or not (unlike measles)
and, if they think they have, they are often wrong.
Other infections can simulate rubella and subclinical
mfection is common; the net result being that accurate
diagnosis on clinical grounds is difficult even in the
presence of an epidemic. Why then should this disease
attract so much attention at this time ? For the answer
one must go back thirty years.

Rubella in Pregnancy

In 1938 Hiro and Tasaka? transmitted rubella to
chuldren by the inoculation of blood and bacteria-free
filtrates of naso-pharyngeal washings taken during the

prodromal phase of the disease; only a proportion of the
children inoculated developed eclinical rubella. This
confirmed the concept, put forward by Hess in 1914, that
rubella was a virus disease. The significance of this
discovery was overshadowed by the outbreak of the
Second World War and the inevitable disruption of scienti-
fic research. But a year or so later an cvent occurred
which was radically to change opinion concerning the
role of rubella virus as a pathogen. In 1940, rubella
appeared in epidemic form in Australia. The cpidemic
was extensive and the discase severe. Many young men
and women called up for military service contracted it and
for a time, because of its severity, the diagnosis of rubella
was in doubt. The following yecar, in the first half of
1941, the late Sir Norman Gregg®, an ophthalmolo-
gist in Sydney, observed an unusual number of cases
of congenital cataract. In addition to cataracts, most of
which were bilateral, many infants were small, ill-
nourished and difficult to feed. In sixty-seven of the
seventy-eight patients, Gregg® found a history of rubells
in the mother in early pregnancy and forty-four cases also
had congenital heart disease. He established this 2ssocia-
tion on clinical and epidemiological grounds. Later Swan
et al.® in Adelaide and Gregg? found that a high proportion
of the children, as they became older, were deaf. The
syndrome of cataracts, heart disease and dcafness often
associated with mental retardation came to be known as
the “‘rubella syndrome”. By 1948 confirmatory reports
of the association botween maternal rubella in carly
pregnancy had come from all over the world. This was
the first evidence of an intrauterine infection leading to
congenital malformations.

At first the risk of rubella in pregnancy seemed to be
very great; necarly 100 per cent of infection occurrcd in the
carly weeks of pregnancy, but this cen now be explained
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by the fact that the information about the mothers’
illnesses in pregnancy was sought many months, even
years, afterwards. Later, prospective studies carried out
in Sweden® and Great Britain® revealed lower figures of
10 to 15 per cent for congenital malformations following
first trimester rubella. Nevertheless, these prospective
studies probably underestimated the rick as much as the
retrospective studies overestimated i1t. Methods of assess-
ment varied and only malformations of the rubella
syndrome type were looked for following a maternal
illness with a rash diagnosed on eclinical grounds. A
precise figure for the risk of foetal damage cannot be
obtained, but it is clearly much higher in the first 8 weeks
of pregnancy than in the second 8 weeks. If the risk of
foetal death, stillbirths and defects recognized later in
childhood is added to the principal risk of congenitai
malformations, the overall risk during the first 16 weeks of
pregnancy is in the region of 30 per cent. Altogether this
constitutes a serious risk, but it has to be remembered
that even after maternal rubella at the most critical stage
for the foetus, the infant may be normal at birth and
remain normal®®.

Culture of Rubella Virus

In 1962, 21 years after Gregg’s discovery, Weller and
Neva'l and Parkman, Buescher and Artenstein!? reported
simultancously the isolation of rubella virus in tissue
culture. This led to a major breakthrough in rubella virus
research. It was soon shown by Weller'3 and later by
MecCarthy and Taylor-Robinson?* that rubella virus could
be cultured in many different types of cell culture. These
new techniques led to the development of diagnostic pro-
cedures for rubella based on virus isolation and antibody
determination by neutralization and complement fixation
techniques. The subsequent discovery by Stewart et al.®
of a virus haemagglutinin led to the development of the
more simple haemagglutinin-inhibition test. This tech-
nique has revolutionized the study of many different
aspects of rubella—diagnosis, epidemiology and patho-
genesis.  Although the test is comparatively simple to
perform, there are several technical difficulties associated
with it, for example non-specific agglutmation at the
removal of non-specific inhibitors. Experience is required
in the interpretation of the tests.

The extensive rubella epidemics of 1962-65 resulted in
the birth of many malformed children, but the develop-
ment of diagnostic techniques immediately before this
led to the accumulation of much new knowledge concerning
congenital rubclla. New clinical manifestations were
recognized In addition to those of the classical rubella
syndrome and it became clear that intrauterine mfection
could lead to a wide spectrum of clinical manifestations,
ranging from a disseminated infection with multi-organ
involvement to subeclinical infection!®-18. In the latter
type of casc resulting from disseminated foetal infection
there is usually a low birth weight, neonatal purpura with
thrombocytopenia and enlarged liver and spleen. These
children often have catacacts and heart disease, and as they
grow older are found to be deaf and retarded. Viro-
logical studics have revealed that intrautcrine infection
leads to a chronic infection of the foetus which may
persist for scveral months after birth®:20, and i some
organs such as the lens for many years. Contrary to
expccetation, infants with congenital rubella were found to
have high levels of rubella antibody which also persisted
when maternally transmitted antibody should have

675

disappeared?-23. At birth, rubella antibody is contained
chiefly in the IgM frection® and high levels of IgM exe often
found in the blood?. Persistence of rubella virus and
antibody and increased levels of IgM have made possible
a retrospective diagnosis of Intrauterine rubella after
birth.

Techniques were developed for isolating rubella virus
from foetal tissues and in organ cultures?®¢:?, revealing
new information about the pathogenesis of congenital
rubella and about possible mechanisms by which the
virus damages cells?®2?, New techniques have heen
developed to study rubella antigen. In addition to
infectious virus, a haemagglutinin and two complement
fixing antigens have been described®® and Le Bouvicrs*
recently indiceted that there may be others. Rubella is
an RNA virus consisting of & roughly spherical particle,
approximately 700 A in diameter, but with no obvious
symmetry. According to Almeida?? it has some biological
features in common with arboviruses but should not at
present be classified as one of that group.

Live Vaccine

Until a few years ago the only method of prophylaxis
against rubella was with immune globulin. Although on
clinical grounds there seemed to be some protection, it is
now clear from virological studies that protection with a
standard dose of 750 to 1,500 mg of pooled globulin cannot
be guaranteed. Schiff*s, however, has shown that in-
fection can be prevented if immune globulin of high titre

Fig. 1.

Particles of rubella virus ( x 180,000), which have bzen aggregated
by a specific antibody.
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is administered immediately after contact. Of greater
practical importance, however, is the development of a
live attenuated vaccine. In 1966 Parkman and Meyer
and their colleagues®® reported that a strain of rubella
virus had been attenuated by serial passage in African
green monkey kidney cells and was immunogenic in
children. This gave great impetus to vaccine develop-
ment and in particular to the search for a vaccine which
could be preparcd in a cell substrate other than monkey
kidney tissue because of the risk of extraneous agents.
Several vaccines have now been developed and have
already undergone extensive clinical trials’*.  Among
these are vaccines prepared in primary rabbit kidney
tissue (Cendehill strain®¢); in duck embryo cultures
(HPV-7TDE5 and Benoit strains)?? and in human diploid
fibroblast cells (RA27/3 strain)®®. These vaccines have
soveral points in common. They produce very few
reactions in susceptible children; they produce sero-
conversion in almost 100 per cent of vaccinees and all Jead
to exeretion of the vaecine virus in the nasopharynx for a
variable period during the second or third week after
vacecination. Transmission of infection, however, has not
been reported?3. Reactions in adults, however, are more
noticeable?® but, with the exceptions of joint pains and
arthritis, observed with some vaccines, particularly in
adult females!-? reactions have been generally mild.
Vaccine development has now reached the stage when
protection can be offered to the community. Already one
vaceine, the Cendehill, has been licensed in Switzerland

Fig. 2. Particles of rubella vrus (x250,000); there is a clear lack of

any distinctive structure. The small fringe surroundmg the particles is
clearest in the particle in the top left hand corner.
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and Belgium and a pre-license statement from the United
States indicates that vaccine may soon be licensed there®.
How should rubella vaccine be used and at what age ?
Approximately 15 per cent of individuals reach adult life
without having had rubella, but this number varies greatly
from one country to another. Until more is known about
the lengih of immunity following rubella vaccines it would
be premature to make a firm deeision on the optimal age at
which immunization should be introduced. There are
two possibilities. First, immnunization in infants and
young children may be introduced with the ultimate
object of eradicating the disease; second, the alternative
approach may be used of iminunizing older children,
particularly girls before puberty. Although there may be
differences of opinion on the age for immunization, all are
agreed that rubella vaccines should not be given to anyone
who is pregnant or in whom pregnancy is a possibility.
The effect of vaccine virus strains on the human foetus
15 not known, and there is no method of measuring
pathogenicity for the foetus. For this rcason vaccine,
although attenuated, should be regarded as potentially
dangerous for the foctus.
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