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Abstract
Objective  To simulate different immunisation programs
against rubella and estimate the proportion of the popula-
tion susceptible to rubella infection of each.
Methods  The impact of 3 immunisation schedules on the
susceptibility of women of childbearing age and the com-
munity to rubella infection was simulated using a probabi-
listic approach. The first schedule involved selective
immunisation of 12-year old girls, the second immunisation
of all children at 3 years of age for different immunisation
coverages, and the third comprised a combination of the
first two. The proportion of different segments of the popu-
lation currently susceptible to rubella was obtained from a
field study conducted in the Kalutara District in 1999.
Results  An immunisation program of 12-year old girls
will reduce the susceptibility to rubella in 5 years in only
the 15 to 19 year age group. In 10 years, the susceptibility
in both the 15 to 19 and 20 to 24 year age groups will be
reduced. Immunisation only of children at 3 years will take
20 years for a reduction in the susceptibility to rubella
infection in the 15 to 19 year and the 20 to 24 year age
groups, and the proportion of the population susceptible
to rubella can be reduced to less than 10% in 20 years if
90% coverage is attained. If a combination of the two strat-
egies ie. selective immunisation of girls at 12 years for 10
years and immunisation of all children at 3 years is adopted,
the proportion of the community susceptible to rubella will
be less than 14% in 10 years.
Conclusions  The combination of immunising girls at 12
years of age for 10 years and all children at 3 years of age
against rubella is recommended for Sri Lanka to reduce the
risk of congenital rubella syndrome in the short term and
the proportion susceptible to rubella in the community in
the long term.

Introduction
Epidemics of rubella have occurred in many coun-

tries and in Sri Lanka in the 1990s (1,2,3). In some districts
of Sri Lanka, 43% of women in the childbearing age were
found to be susceptible to rubella infection (4), a propor-
tion higher than in most temperate countries (5). More than
70 high and middle income countries have introduced
rubella vaccines in their national programs.
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Based on available infomation on rubella infection
and congenital rubella syndrome (CRS), the National
Advisory Committee on Communicable Diseases of Sri
Lanka decided to introduce rubella vaccine into the routine
immunisation program. Initially the target groups for
immunisation were 11 to 15 year old schoolgirls and women
between 16 and 44 years. From year 2001 children 3 years
of age are also immunised against rubella. This immuni-
sation strategy is aimed at reducing the number of suscep-
tible women during pregnancy, and in the community, with
the ultimate aim of elimination of CRS and interruption of
transmission.

The purpose of our study was to simulate outcomes
for different immunisation strategies against rubella to
estimate the proportion susceptible to rubella infection.

Materials and Methods
Simulation studies
a)  Impact on women of childbearing age

We simulated the impact of different immunisation
schedules on the susceptibility of women of childbearing
age to rubella infection using a probabilistic approach. Two
simulations were performed; the first involved selective
immunisation of 12-year old girls (strategy 1) and the sec-
ond involved selective immunisation of all children at 3
years of age (strategy 2) for different immunisation cover-
ages. The proportion of different segments of the popula-
tion currently susceptible to rubella was obtained from a
field study conducted in the Kalutara District in 1999 (6). It
was assumed that the immunisation is 100% effective and
that immunity is lifelong. The expected reduction in the
proportion of women of childbearing age susceptible to
rubella for a specific age group was derived by multiplying
the probability of being currently susceptible to ru-
bella infection by the probability of being immunised un-
der different immunisation stratgies (ie. immunising girls at
12 years of age and immunising all children at 3 years of
age for different immunisation coverages). This reduction
was estimated for different time periods. A third simulation
was done combining the above two strategies (strategy 3)
as an extension of the mathematical derivation and assum-
ing the following:  1. an immunisation strategy involving
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concurrent immunisation of 12-year old females and 3-year
old children for 10 years followed by immunisation of only
3-year old children  2. an individual is not immunised twice,
and  3. the immunisation is 100% effective and lifelong.

b)  Impact on the community
The proportion of the total population susceptible to

rubella for different immunisation strategies for selected
years was estimated using a similar approach as above.
The proportion of the community susceptible to rubella
was the sum of the proportions of people susceptible to
rubella for different age-sex groups, the proportions being
of the community as a whole. The proportion of a particu-
lar age-sex group susceptible to rubella was obtained by
multiplying the expected proportion of the community for
a particular age-sex group for a given year (ie. based on the
projected population for Sri Lanka) by the estimated pro-
portion of individuals susceptible to rubella in the same
age-sex group for a given immunisation strategy. The pro-
portion of age-sex groups susceptible to rubella was taken
from the results of the Kalutara study (6). It was assumed
that there are no sex differences in susceptibility to rubella,
and that at age 50 years and beyond, only 5% of the popu-
lation will be susceptible.

Results
Table 1 gives the proportion of current susceptibles

to rubella based on the Kalutara study (6). Tables 2 and 3
give the susceptibilities of females of 15 to 44 years of age
for different immunisation coverages of 12-year old girls
and 3-year old children, respectively. An immunisation
programe of 12-year old girls will reduce the susceptibility
to rubella in 5 years in only the 15 to 19 year age group. In 10
years there will be a reduction in the susceptibility in both
the 15 to 19 and 20 to 24 year age groups. In 20 years there

will be a reduction in the susceptibility to rubella in all age
groups except the over 35-year age group. An immunisation
strategy concentrating only on immunisation of children
at 3 years will take 20 years for a reduction in the suscepti-
bility to rubella infection in the 15 to 19 years and the 20 to
24 years age groups (Table 3). Such an immunisation
program will take about 40 years to reduce rubella suscep-
tibility in all age groups of women of childbearing age.

The results of the simulation combining the two
immunisation strategies ie, selective immunisation of girls
at 12 years for 10 years and immunisation of all children at
3 years of age are given in Table 4. It will take about 30
years to have an impact on rubella susceptibility in all age
groups of women of childbearing age.

Table 4 gives the projected proportions of the popu-
lation susceptible to rubella in selected years for different
immunisation strategies. If selective immunisation of
12-year old girls is done, even after 20 years, in 2020, a
substantial proportion of the population (in excess of 25%)
will still be rubella susceptible even with 90% coverage, as
the males are not being immunised (Table 5). In this strat-
egy even marked fluctuations in coverage will have mini-
mum impact on the proportion of the population suscep-
tible to rubella. When children 3 years of age are immunised
the proportion of the population susceptible to rubella can
be reduced to less than 10% in 20 years if 90% coverage is
attained. However, for the strategy to have an impact on
CRS, a minimum of 15 to 20 years should elapse. If both of
the above strategies are adopted, the proportion of the
community susceptible to rubella will be less than 14% in
10 years. This strategy, in addition to reducing the propor-
tion susceptible to rubella in the community, will also have
an impact on susceptibility of women of childbearing age.
After 10 years,  only immunisation of all children at 3 years
will be required, and after a period of 20 years the suscep-
tible porportion of the population will be less than 10%.

Table 1.   Susceptibility to rubella (6)

Group Age Sample size Number sero- Number sero- Proportion
group (years) positive negative susceptible

Children
1-3 266 15 251 0.94
4-6 521 44 477 0.92
7-9 321 62 259 0.81

10-11 142 36 106 0.75

Pregnant women
< 20 65 46 19 0.29
20-24 145 106 39 0.27
25-29 202 160 42 0.21
30.34 143 106 37 0.26
35-44 65 53 12 0.18
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Table 2.   Susceptibility to rubella infection in females 15 to 44 years of age for different
immunisation coverages of 12-year old girls

Immunisation Current                Susceptibilityδ  in
Age group coverage* (%) susceptibilityδ 5 years     10 years 20 years

15−19 50 0.290 0.145 0.145 0.145
75 0.290 0.073 0.073 0.073
90 0.290 0.029 0.029 0.029

20−24 50 0.270 0.270 0.135 0.135
75 0.270 0.270 0.068 0.068
90 0.270 0.270 0.027 0.027

25−29 50 0.210 0.210 0.210 0.105
75 0.210 0.210 0.210 0.053
90 0.210 0.210 0.210 0.021

30−34 50 0.260 0.260 0.260 0.105
75 0.260 0.260 0.260 0.053
90 0.260 0.260 0.260 0.021

35−44 50 0.180 0.180 0.180 0.180
75 0.180 0.180 0.180 0.180
90 0.180 0.180 0.180 0.180

* Refers to the immunisation coverage of females at 12 years of age
# Refers to  probability of being susceptible to rubella infection for a particular age group
δ Refers to the expected proportion of women of chilbearing age susceptible to rubella infection

Table 3.   Susceptibility to rubella infection in females 15 to 44 years of age for different
immunisation coverages of 3-year old children

Immunisation Current                Susceptibilityδ  in
Age group coverage* (%) susceptibilityδ 20 years      30 years 40 years

15−19 50 0.290 0.145 0.145 0.145
75 0.290 0.073 0.073 0.073
90 0.240 0.029 0.029 0.029

20−24 50 0.270 0.135 0.135 0.135
75 0.270 0.068 0.068 0.068
90 0.270 0.027 0.027 0.027

25−29 50 0.210 0.210 0.105 0.105
75 0.210 0.210 0.053 0.053
90 0.210 0.210 0.021 0.021

30−34 50 0.260 0.260 0.105 0.105
75 0.260 0.260 0.053 0.053
90 0.260 0.260 0.021 0.021

35−44 50 0.180 0.180 0.180 0.090
75 0.180 0.180 0.180 0.045
90 0.180 0.180 0.180 0.018

* Refers to the immunisation coverage of females at 3  years of age
# Refers to  probability of being susceptible to rubella infection for a particular age group
δ Refers to the expected proportion of women of chilbearing age susceptible to rubella infection
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Discussion
Studies of the transmission dynamics of rubella virus

have stressed the importance of quantitative information
concerning age specific rates of infection to any detailed
assessment of the impact of immunisation on the incidence
of rubella and CRS (8,9). Advances in the development of
a mathematical framework to aid in the design of immuni-
sation programs have, to some extent, outstripped the
acquisition of relevant epidemiological data needed to

Table 4.   Susceptibility to rubella infection in females 15 to 44 years of age for different
immunisation coverages of 3-year old children and 12-year old girls

Immunisation Current               Susceptibilityδ  in
Age group coverage* (%) susceptibilityδ 10 years      20 years 30 years

15−19 50 0.290 0.145 0.145 0.145
75 0.290 0.073 0.073 0.073
90 0.290 0.029 0.029 0.029

20−24 50 0.270 0.135 0.135 0.135
75 0.270 0.068 0.068 0.068
90 0.270 0.027 0.027 0.027

25−29 50 0.210 0.210 0.105 0.105
75 0.210 0.210 0.053 0.053
90 0.210 0.210 0.021 0.021

30−34 50 0.260 0.260 0.105 0.105
75 0.260 0.260 0.053 0.053
90 0.260 0.260 0.021 0.021

35−44 50 0.180 0.180 0.180 0.090
75 0.180 0.180 0.180 0.045
90 0.180 0.180 0.180 0.018

* Refers to the immunisation coverage of females at 12 years of age and all children at 3 years of age
# Refers to  probability of being susceptible to rubella infection for a particular age group
δ Refers to the expected proportion of women of chilbearing age susceptible to rubella infection

Table 5.   Projected proportion of population susceptible to rubella in selected years for different
immunisation strategies

                                                                                    Proportion of population susceptible to rubella in year

Strategy coverage 2010 2020 2030
      (%)

Selective 50 0.312 0.271 Not done
immunisation 75 0.307 0.263
at 12 years 90 0.304 0.260

Immunisation 50 Not done 0.189 0.162
at 3 years 75 0.138 0.109

90 0.108 0.077

Selective 50 0.217 0.180 Not done
immunisation 75 0.164 0.126
at 12 years and 90 0.132 0.094
all at 3 years

compare predictions with observation. The combination
of these theoretical and empirical components is required
to assess the likely impact of different immunisation
policies.

The impact of various vaccination policies on the in-
cidence of CRS in the United Kingdom with a mathematical
model of the transmission dynamics of the rubella virus
suggest that to reduce the incidence of CRS in the future
years would require high rates of vaccination of both girls
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pronged approach is recommended, ie. vaccination of girls
at 12 years of age and all children at 3 years. Vaccination of
12-year old girls should be continued for ten years. An
alternative to the two-pronged approach would be to have
a “pulse rubella” strategy for all children less than 3 years
of age. This would eliminate the need for having two target
groups for immunisation and may be more operationally
feasible in the long term. A supplement to this strategy
would be the incorporation of a “pulse rubella” strategy of
all women of childbearing age to be conducted within a
year, to reduce the number of currently rubella susceptible
women in the reproductive years.

Although our findings are extrapolations derived from
one area of Sri Lanka, the implications of different polices
can be evaluated. The estimates obtained are comparable
with those of other countries, which have a long history of
rubella immunisation. For example, in the USA, it has taken
almost 30 years since the licensure of the vaccine to
reduce the susceptible population to less than 5%.
Although the recommendations made in our study may
appear clear-cut in the light of data available (6) and the
analyses employed, some important caveats need empha-
sis. Firstly, the conclusions are based only on the predic-
tions of a mathematical model. The actual transmission
dynamics of viral infections within human communities
are difficult to predict. Secondly, unless the vaccination
coverage of 3-year old children reaches high levels there
is little advantage to be gained from adopting the two-
pronged immunisation strategy.
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Confidential plan to “shape” medical opinion

A confidential draft document leaked from a medical communication company, In Vivo
Communications, describes a three year “medical education programme” to create a new
perception of irritable bowel syndrome as a “credible, common and concrete disease.” The
proposed 2001-3 education programme is part of the marketing strategy for GlaxoSmithKline’s
drug Lotronex (alosetron hydrochloride).

In Vivo is one of handful of companies specialising in corporate backed “medical education”,
and the leaked plan provides a rare insight into the highly secretive world of drug promotion,
with its new emphasis on “shaping” medical and public opinion about the latest diseases.

Moynihan R, Heath I, Henry D. Selling sickness: the pharmaceutical industry and disease
mongering. BMJ 2002; 324: 887.


