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The relationship between rubella acquired in the first four
months of pregnancy and subsequent congenital malformation
makes it important that mothers who contract rubella during
early pregnancy are diagnosed accurately. The recent develop-
ment of techniques for both virus isolation' 2 and serological
diagnosis has made it possible for the laboratory to assist
clinicians in the assessment of such problems. At present a
few public health and hospital laboratories undertake such
investigations, but it seems likely that in future these facilities
will become widely available.
As rubella often presents atypically, a diagnosis on clinical

grounds alone is prone to error. Moreover, infection by other
viruses, such as certain enteroviruses, may produce an illness
in which the clinical features closely resemble rubella. In-

apparent infection has been reported in such closed population
groups as military recruits and children in residential institu-
tions, in whom the ratios of inapparent to apparent infection
were 6: 1 and 1: 1 respectively3 ; however, the incidence of
inapparent infection in more general communities has yet to be
determined. Nevertheless, maternal inapparent infection may
result in congenital malformation,17 and therefore women
exposed to rubella during pregnancy should whenever possible
be carefully assessed both clinically and virologically.

Virological Investigations

Virus Isolation.-The relationship between the clinical and
laboratory features of infection by rubella virus is shown in
Fig. 1. Virus may be recovered from the nasopharynx, stool,
urine, and for up to seven days before rash develops from the
blood. The most convenient and reliable site for recovery of
virus is the pharynx, where it is commonly detected for a week
before and after the onset of rash and occasionally for periods
up to two weeks after rash has developed. Thus patients with
rubella may be infectious for a prolonged period, and it is
therefore advisable to keep them from contact with women who
may be pregnant until at least 10 days have elapsed from the
onset of rash.

Pharyngeal swabs should immediately be immersed in 3 or
4 ml. of a suitable virus transport medium and transported on
wet ice with minimum delay to the virus laboratory. The
isolation of virus from clinical specimens may take between
10 to 21 days, the time being influenced by such factors as the
type and condition of the cell culture system used for virus
identification and the amount of virus present in the specimen.

However, it is sometimes possible to give a preliminary report
within a shorter time.
Despite high levels of neutralizing antibody 80-85% of

infants with congenital rubella may excrete rubella virus at
birth and for prolonged periods thereafter.6 7 Thus at 6 months
of age about 30% of infants with congenital rubella may still
be shedding virus from the nasopharynx. The incidence

inWca Virology Laboratory, St Thomaes Hosia London SYB1.

declines to approximately 5% by the end of the first year of
life. It is therefore important to determine the duration of
virus excretion in these infectious infants and to advise those
caring for them not to expose them to pregnant women until
virus isolation studies have confirmed that the infant is no
longer excreting virus.

Serology.-Antibodies to rubella virus may be detected by
neutralization,8 9 haemagglutination-inhibition,10 or comple-
ment-fixation11 12 tests, a microtitre apparatus employing small
quantities of reagents being generally used for the haemagglutina-
tion-inhibition (H.I.) and complement-fixation (C.F.) tests. In
order to achieve a serological diagnosis a significant rise in
antibody titre (4-fold or greater) should be demonstrated
between a sample of serum obtained in the acute phase of the
illness and a convalescent serum sample obtained 10 to 14 days
later. Following infection, neutralizing and H.I. antibodies
persist at a variable level, probably indefinitely, and are asso-
ciated with protection against further infection.13 14

Serological studies have shown that between 80% and 90% of
women of childbearing age living in urban areas possess
neutralizing antibodies to rubella virus,15'17 although by no
means all can give a clear-cut history of rubella. Both H.I.
and neutralizing antibodies appear early in infection, and they
are sometimes detectable on the day of rash, thereafter rising
sharply to a high titre. It is important to obtain the acute-
phase serum sample as early as possible after onset of symptoms,
for should the acute-phase sample be obtained late-for example,
5 to 7 days after the rash-it may not be possible to detect a rising
antibody titre, thus making it difficult in the absence of virus
isolation to determine whether the antibody resulted from recent
or past infection. Although there is good correlation between
the level of antibody determined by H.I. and neutralization
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FIG. 1.-Relationship between clinical features, virus excretion, and seo-
logical responses in infection by rubella virus.
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tests H.I. tests are generally more sensitive, detecting rising
titres more frequently than neutralization tests.'8 In addition
the results of H.I. tests are available within a few hours, whereas
neutralization tests may take up to a week to complete. For
these reasons, many laboratories are now using H.I. tests in
preference to neutralization tests for diagnostic purposes.

Complement-fixation antibodies tend to develop somewhat
later than either H.I. or neutralizing antibodies, becoming
apparent seven or more days after the onset of rash,'9 and
reaching a peak sometimes as late as four to six weeks after
the onset of symptoms. Thus, the C.F. test may be valuable
in the diagnosis of patients in whom there has been delay in
obtaining serum samples. Complement-fixation antibody does
not persist as long as H.I. or neutralizing antibody but can
generally be detected for at least a year after infection." 20
Although in the absence of virus isolation it is not possible to
make a confident diagnosis without testing paired sera, an
appreciable antibody titre by C.F. (for example, 1:16-1: 64)
in a single serum specimen is suggestive of recent infection
by rubella virus.

Alternatively evidence of recent infection may be obtained by
testing sera for the presence of rubella immunoglobulins of
high molecular weight (IgM). This is useful if the first samples
of serum are obtained too late to show a rise in antibody titre
and in pregnancies of 12 to 14 weeks' duration where delay
might necessitate therapeutic abortion by hysterotomy. These
heavy immunoglobulins appear after a primary antigenic
stimulus and may be demonstrated by either serum sedimenta-
tion analyses on sucrose density gradients2" or by reduction
in antibody titre in haemagglutination-inhibition tests following
treatment of sera with 2 mercaptoethanol, a sulphydryl-
reducing compound which breaks down IgM immuno-
globulins.22 These immunoglobulins are present for three to
four weeks following rash, after which only immunoglobulins
of lower molecular weight (IgG) can be detected.

Investigations During Pregnancy

Exposure to Rubella

On exposure to a case of rubella the greatest risk of infection
exists when this exposure is close and prolonged, such as
exposure within the family group. It is important to obtain
serum as soon as possible after contact (well within the incuba-
tion period) and determine the antibody titre by either H.I. or
neutralization tests. If antibody is present this indicates
immunity due to previous infection by rubella virus, and the
patient may be reassured.

It is also useful whenever possible to confirm the diagnosis in
the case itself by obtaining specimens for virus isolation and
serological studies. If the pregnant woman is devoid of rubella
antibodies she should then be carefully followed up both clini-
cally and virologically, and an attempt should be made to
isolate virus during the period of likely excretion (Fig. 1),
and in addition to determine by either H.I. or neutralization
tests whether her antibody titre rises in serum samples obtained
14-16 days after exposure and about 10 days following this.
Failure to detect clinical evidence of infection in a patient
following exposure to rubella is insufficient evidence that infec-
tion has not occurred. It should be remembered, however, that
the, prophylactic administration of gammaglobulin after contact
may convert a potentially apparent infection into one which
is subclinical and also prolong the incubation period by some
5 to 6 days.

Development of Clinical Rubella
If an illness which is suggestive of rubella occurs during the

first 16 weeks of pregnancy a virological diagnosis should be
attempted by virus isolation and by demonstrating a significant

rise in antibody titre by any of the tests described above. Since
viruses may be isolated from 80-85% of patients with rubella,
failure to isolate virus cannot in itself be considered conclusive
evidence that the patient did not have rubella. However, failure
to isolate virus in conjunction with failure to demonstrate a
significant rise in antibody titre is strongly suggestive that the
infection was not caused by rubella virus.
Many patients by the time they are referred for virological

investigations may be a week or more from the onset of symp-
toms, and in these cases it may sometimes not be possible to
isolate virus or demonstrate rising antibody titres by H.I. or
neutralization tests. Under these circumstances the C.F. test
or the detection of rubella IgM immunoglobulins may be of
value.

Laboratory investigations on pregnant women who have either
been exposed to or have contracted an illness which on clinical
grounds is suggestive of rubella will reveal an appreciable pro-
portion of cases in which the patient is already immune or in
which the clinical diagnosis is not supported by the virological
findings. Under these circumstances such studies may therefhre
be responsible for saving many foetuses and for sparing a
number of women and those caring for them during pregnancy
many months of needless anxiety.
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