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Susceptibility to rubella in a pregnant population
after the introduction of vaccination
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SUMMARY The results of testing for the presence of rubella antibody by haemagglutination in-
hibition in pregnant women are presented for a number of years, together with an analysis of results
for the year 1977. Levels of immunity are correlated with age and British nationality. The influence
of vaccine availability on numbers with antibody cannot be demonstrated nor can any evidence for
the boosting of antibody levels by natural infection be discerned.

Rubella was not recognised as a disease of major
importance until 1941, when the historic work of
Sir Norman Gregg correlated infection during
pregnancy with damage to the child in utero (Gregg,
1941). Fetal damage induced by rubella occurs in up
to 35% of cases if infection of the mother occurs in
the first trimester of pregnancy, but later infections
may produce sequelae, although damage is less
severe and less frequent. The pathogenesis, the
incidence of specific malformations and defects, and
the risks to the fetus are fully described by Hanshaw
and Dudgeon (1978), who also discuss preventive
measures.

In an attempt to reduce or eliminate the problem
of fetal damage due to rubella, a vaccine programme
was launched in the United Kingdom in 1970 and a

National Congenital Rubella Surveillance Pro-
gramme was initiated in the following year. Hanshaw
and Dudgeon have observed that the final test of
protective efficacy of a vaccine is in the population
as a whole. We report here the influence of the
national vaccination programme on susceptibility
to rubella in the population served by Queen
Charlotte's Hospital, together with observations on
the results of offering vaccine in the puerperium to
women adjudged to be non-immune.

Material and methods

Specimens of blood are collected routinely from all
patients who book for antenatal care. This is
usually at 12-16 weeks' gestation. Serum is separated
and screened for antibody to rubella virus using a
rubella haemagglutination inhibition technique
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similar to that recommended by the Communicable
Disease Center, Atlanta (US Department of Health,
Education, and Welfare, 1970) but with the following
variations:

Dextrose gelatin veronal buffer with bovine
albumin is the buffer used throughout.
Chick cell concentration is standardized using
the packed cell volume method, and non-
specific inhibitors are removed by heparin and
manganese chloride.
Rubella virus haemagglutin is supplied by
Wellcome Reagents.

Patients adjudged to be non-immune (antibody
titre less than 1/16) are offered rubella vaccine
(Cendevax) after delivery and, where possible, are
checked for seroconversion after a six-week interval
(Beazley et al., 1971).

Results

LEVELS OF IMMUNITY IN THE POPULATION
A total of 3000-5000 patients were screened per
annum between 1971 and 1977. Analysis of the
results obtained for a number of years during this
period shows no clear trend of decreasing suscep-
tibility which can be attributed to the vaccine
(Table 1).
A total of 3338 women were screened in 1977.

Table I Percentages of seronegative patients identified
between 1971 and 1977 by the rubella haemagglutinatiori
inhibition test

1971 1972 1973 1976 1977

% Seronegative 17-5 14-7 15-9 14 7 16-4
(RHI less than 1/16)
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When grouped by age and titre of antibody there is a
trend towards decreasing immunity with age. This is
most clearly shown where the presence of antibody is
assessed at a serum dilution of 1/16 and less clearly
when assessed at a serum dilution of 1/64 (Table 2).
At 1/16 the largest difference in immunity between
sequential age groups lies between the 15-19-year-
old group and the 20-24-year-old group.

Table 2 Susceptibility to rubella in.
women assessed by the rubella haemaq
inhibition test (1977)

Age Susceptible Antibody present
(<1/16) (serum dilution 1/16)

15-19 12-5% 87-5%
20-24 15-1% 84-9%
25-29 16-2% 83-8%
30-34 16-9% 83-1%
35-39 17-1% 82-9%
40-40+ 18-2% 81-8%

POPULATION UNDER STUDY
The country of origin was ascerta
two age groups: 22% of the 15
born outside the United Kingdon
the 20-24-year-olds. Immunity i]
compared in Table 3.

Table 3 Prevalence of rubella antibo
women born within or outside the Uni

Age Antibody Non-UK
born

15-19 No (<16) 4 (05)Yes (>16) 38 (90 5)
Total 42 (100)

20-24 No (<16) 31 (17-3)
Yes (>16) 148 (82-7)
Total 179 (100)

Percentages are given in parentheses,

RESPONSE OF WOMEN VACCIN
PUERPERIUM
In 1977, of 555 seronegative wo
vaccinated and 34 9% (194) were t
for the presence of rubella an

Table 4 Results of vaccination of 19
puerperium

Titre

<8
(negative) 1/8 1/16

% oftested 4-1 8-2 23-2
population

4-1 % failed to show a detectable level of antibody
(less than 1/8). The remainder showed detectable
antibody at serum dilutions of between 1/8 and
1/64; 87-7% had a detectable level of antibody at a
serum dilution of 1/16; 31.4% of sera had a level of
antibody not exceeding a titre of 1/16.

Discussion

3338 pregnant The Congenital Rubella Surveillance Programme
gglutination (Sheppard et al., 1977) reports on average 67

children per annum born with congenital rubella
between 1970 and 1973, and Marshall et al. (1976>

Antibody present reported that 2504 therapeutic abortions per annum
(serum dilution 1/64) were performed over the same period for indications
54-4% relating to maternal infection with rubella. So, in
52 1% this country in a non-epidemic year, rubella in
5147% pregnancy may directly or indirectly maim or termi-
47 1% nate the lives of more than 1000 fetuses.
49 9% In an attempt to reduce or eliminate the problem

of rubella in pregnancy in the United Kingdom, a
vaccine programme was instituted in 1970. Originally

Lined in patients in offering vaccine to all girls between 11 and 14 years
-19-year-olds were of age, it was later extended to include some non-
n, as were 26% of pregnant women of child-bearing age who were
n these groups is known to be susceptible, particularly those at high

risk because of their occupations, for example,
doctors, nurses, and teachers.

?dy in pregnant Estimation of susceptibility to rubella among the
(ted Kingdom population at Queen Charlotte's Hospital was

carried out in 1971, and at that time 17-5% of our
UK born Total population were susceptible. Since then we have

routinely screened all our patients for antibody to
19 (12 7) 23 rubella virus, the numbers tested lying between

130 (87 3) 168 3000 and 5000 per annum. Table 1 shows no
149 (100) 191 significant trend of decreasing susceptibility overall
65 (128) 96 that can be attributed to the vaccine programme. It444 (87-2) 592

509 (100) 788 seemed reasonable to expect the vaccine to have had
some influence on levels of immunity to rubella so
further analysis was made of the data for 1977.
Grouping the population in age spans of five years

ATE D IN THE demonstrated that the highest level of immunity was
in the youngest group (15-19 years), and, at a

)men, 81-7 % were serum dilution of 1/16, a steady decrease of immunity
tested subsequently with age was demonstrable. The largest decrease
tibody (Table 4); between sequential groups at this dilution lay

between the age groups 15-19 and 20-24. The rate of
immunity, as assessed by presence of antibody at a

24 women In the serum dilution of 1/16, was higher between the
latter groups than between all other sequential age
groups.
The group with the highest immunity (15-19 years)

1/32 1/64 or above would have been 8-12 years old at the time of
introduction of the rubella vaccination programme,

29-4 35 1 and so, if resident in the United Kingdom, all in that
group should have been offered the vaccine. Thus

25
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vaccination may explain the difference in immunity
between this group and the next oldest group, for in
the latter group many would already in 1970 have
been too old to have been offered the vaccine.

Table 3 shows the influence of women born
outside the United Kingdom on overall levels of
immunity for two age groups in 1977. Those born
outside the United Kingdom and aged 20-24 years
show a lower level of immunity than those born
within the United Kingdom. This is not seen in the
younger group. Data on length of residence in the
United Kingdom were not available. Comparison of
those born within the United Kingdom shows little
difference in the proportion with immunity in each
age group.

However, statistical analysis of the figures present-
ed inTable 3 does not confirm observed differences as
having a high order of significance. Chi squared was
calculated from a fourfold table using Yates'
correction, and no significant difference was discern-
ible between the age groups as a whole, between the
two populations making up each group, or by
comparing like populations within different age
groups.
The availability of vaccine, which should have

been offered to those in the younger group, does not
appear to have influenced overall the proportion of
women possessing rubella haemagglutination in-
hibition antibody assessed at a serum dilution of
1/16. Although an effect is discernible in the group
aged 15-19 years (Table 2), it is not statistically
significant. Table 4 shows that vaccination in the
puerperium gives a similar incidence of immunity
when assessed at a serum dilution of 1/16 to that seen
in the United Kingdom born population (Table 3).
However, when assessed at 1/64, a level of antibody
believed to confer substantial immunity (Horstman,
1976), comparison with the general population shows
a significant difference (X2 fourfold test P < 0.001).
Only 35.1 % of vaccinees have antibody as opposed
to approximately 50% of the general population
(Table 2).
Our assessment of immunity is made six weeks

after vaccination, and we would expect titres to fall
even from these levels over a number of years.
Support for this view is given by other workers
(Balfour and Amren, 1977). Davis et al. (1971) have
shown that 25% of low responders (1/16 or less)
have lost detectable rubella haemagglutination
inhibition antibody (less than 1/8) five years after
vaccination.

Thus, with 100% acceptance of vaccine and the
titres that resulted (Table 4), if we extrapolate from
the results of Davis et al. we should expect to find
12% seronegative in five years' time. This figure is
close to that observed in the youngest age group

where an estimated national acceptance of rubella
vaccine of at least 64% is achieved (Public Health
Laboratory Service, unpublished report). That the
difference is not greater could be attributed to the
effect of natural infection, but overall no antibody
boosting effect due to this could be discerned
(Table 2).
Where vaccinated individuals remain, or lapse, to

become seronegative, it is unclear how susceptible
they are to clinical rubella. Further studies in the
laboratory and in the community are required to
elucidate whether it is possible for vaccination to
remove the problem of rubella in pregnancy or
merely to reduce it. We have found no evidence of
increased availability of vaccine causing significant
change in the immunity of the population studied.

Recently, Ross and McCartney (1979) have
published evidence that the high incidence of rubella
in Scotland during 1978 had a booster effect on levels
of antibody but we have found no hard evidence of
this occurring in this study in a non-epidemic year.
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