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Supported by GAVI Alliance, measles-rubella vaccination was introduced in Vietnam in 2014, involving a mass
campaign among 1–14 year olds and routine immunization of children aged 9 months. We explore the impact on the
incidence of Congenital Rubella Syndrome (CRS) during 2013–2050 of this strategy and variants involving women aged
15–35 years. We use an age and sex-structured dynamic transmission model, set up using recently-collected
seroprevalence data from Central Vietnam, and also consider different levels of transmission and contact patterns. If the
serological profile resembles that in Central Vietnam, the planned vaccination strategy could potentially prevent
125,000 CRS cases by 2050 in Vietnam, despite outbreaks predicted in the meantime. Targeting the initial campaign at
15–35 year old women with or without children aged 9 months–14 years led to sustained reductions in incidence,
unless levels of ongoing transmission were medium-high before vaccination started. Assumptions about contact
greatly influenced predictions if the initial campaign just targeted 15–35 year old women and/or levels of ongoing
transmission were medium-high. Given increased interest in rubella vaccination, resulting from GAVI Alliance funding,
the findings are relevant for many countries.

Introduction

In Vietnam, rubella outbreaks continue to occur regularly,
with over 60% of rubella cases in 2009 being of child-bearing
age.1 Rubella is a mild illness involving fever and a rash, but if
infection occurs during pregnancy, the child may be born with
Congenital Rubella Syndrome (CRS), which is associated with
mortality and lifelong disability. Since 2013, GAVI Alliance has
supported the introduction of measles-rubella (MR) vaccination
in eligible countries, allocating funding for an initial mass-vacci-
nation campaign, with the cost of routine vaccination being cov-
ered locally. Campaigns are important for preventing outbreaks
among women of child-bearing age in the long-term. However,
the optimal age groups for targeting vaccination are unclear and
need to be elucidated, as many countries are expected to intro-
duce vaccination with GAVI Alliance support (49 by 2020).2

In 2014, MR vaccination, supported by GAVI Alliance, was
introduced in Vietnam, with the initial mass campaign targeting
children aged 1–14 years.3 Recently, a relatively high proportion
(30%) of women of child-bearing age were found to be seronega-
tive for rubella antibodies, and therefore at risk of infection, in
Central Vietnam.4 Given the high risk of a child being born with
CRS if the mother is infected while pregnant, the initial campaign
could potentially prevent an increased number of cases of CRS if

it also included adult women. The impact of vaccination and the
number of CRS cases that it prevents is complicated by other fac-
tors including the vaccination coverage, extent of ongoing trans-
mission and contact patterns between adults and children. Since
the birth rate also influences the impact of vaccination,5 predic-
tions from one setting are not necessarily generalisable to other set-
tings. These effects are difficult to study using epidemiological
studies, but can be studied using modeling.

We here use a mathematical model developed to describe the
transmission dynamics of rubella in Vietnam, using serological
and demographic data from Vietnam, to explore how different
vaccination strategies affect the CRS incidence and number of
cases prevented until 2050. We also explore the sensitivity of
model predictions to assumptions about the amount of ongoing
transmission and contact between people, as these 2 factors may
differ regionally in Vietnam.

Materials and Methods

Data sources

Demography
Both the female population size for Vietnam in 5-year age

groups for each year for the period 2000–2050 and fertility rates
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in 5-year age groups for the period 2000–2010, were compiled
from Vietnamese census data and projections.6 The fertility rate
after 2010 was fixed at the level estimated for 2010. The total
number of live births in Vietnam by year and age group of the
mother for the period 2000–2050 was calculated by multiplying
the age-specific fertility rate by the corresponding female popula-
tion size. Per capita birth rates and age and sex-specific mortality
rates were extracted from UN population databases.7

Numbers of rubella and CRS cases
Age-specific estimates of the number of rubella cases were

compiled from nationwide case-based surveillance, which is inte-
grated into measles surveillance. A suspected case of measles/
rubella case is defined as any patient who is suspected to have
measles/rubella by a health worker or a patient with fever, macu-
lopapular rash and one of 5 sign/symptoms (cough, coryza, con-
junctivitis, adenopathy (cervical, sub-occipital, post-auricular) or
arthralgia/arthritis). Suspected cases are investigated, with blood
samples taken and tested for measles and rubella IgM in the 2
WHO-accredited national laboratories in Vietnam.

The number of CRS cases born in Vietnam in 2011 were
compiled from hospital-based sentinel sites, involving 3 central
hospitals, located in Hanoi and Ho Chi Minh City. Enrolled
cases had to meet the WHO’s case definition.8 Suspected cases
were investigated, with blood samples tested for rubella IgM
antibody using ELISA. Confirmed cases included clinically-con-
firmed cases (defined as cases who had either 2 of the complica-
tions in group A or one complication from each of groups A and
B in the WHO guidelines). Laboratory-confirmed cases were
defined as clinically-confirmed cases who were positive for
rubella-specific IgM.

Description of the Model

Overview
We estimated the impact of different vaccination strategies on

the CRS incidence per 100,000 live births and the numbers of
CRS cases averted using a dynamic, age and sex-structured com-
partmental model, adapting previous models,9,10 including one
used for GAVI Alliance projections of the impact of funding MR
campaigns.11 The population is stratified into those with mater-
nal immunity, pre-infectious (infected but not yet infectious),
infectious and immune, with newborns having maternal immu-
nity lasting 6 months from birth. The Supplemental File pro-
vides further details, including the model equations.

Demographic assumptions
The model population, stratified by sex into single year age

strata in the range 0–74 years, was described using a realistic age
structure (RAS).12 Newborns enter the population on the 31st

August each year, facilitating tracking the exact time when they
are aged 6 months, when they lose maternal immunity. Follow-
ing standard approaches,12 each age stratum moves to the subse-
quent age stratum on the 31st August each year and leaves the
model once reaching age 75 years.

For simplicity, the age distribution was fixed over time by
holding the birth and mortality rates in the model constant. The
birth rate equalled the value estimated for Vietnam for 2010;7

age- and sex-specific mortality rates were based on lifetables for
the period 2005–2010 from UN population databases.7 To
adjust for differences between the modeled and observed number
of births, census-based projections of the actual number of
livebirths were used when calculating the numbers of CRS cases
(see below).

Scenarios for the pre-vaccination epidemiology of rubella
In the base-case model, the prevaccination epidemiology of

rubella was assumed to be similar to that implied by the only
seroprevalence survey in Vietnam to date, which came from
Khanh Hoa province, Central Vietnam.4 In this study, approxi-
mately 50% of women were still susceptible to rubella by age
18 years (Fig. 1) and the force of infection (rate at which suscep-
tibles are infected) was 5%/year (95% CI: 4.7–5.8%) and 4%/
year (95% CI: 3.5–4.4%/year),4 for those aged <13 and
�13 years respectively. Khanh Hoa province comprises a popula-
tion of 1.2 million, making up 1.3% of the entire population in
Vietnam. Its population density was 229 people/km2, as com-
pared with 271 people/km2 for the whole of Vietnam in
2013).13 The birth and mortality rates in Khanh Hoa province
are comparable to those overall in Vietnam (mortality rates:
6.6 vs 7.0 per 1000 respectively, birth rates: 16.4 vs 16.9 per
1000 respectively in 2012).13

Since the population density in Central Vietnam is slightly
lower than that overall in Vietnam, it is plausible that there is less
ongoing transmission of rubella in Central Vietnam than else-
where in Vietnam. Similarly, the population density, and, poten-
tially, the amount of ongoing transmission, in some parts of
Vietnam is less than that in Central Vietnam (<100 per km2 in
some areas of the northern midlands, vs 229/km2 in Khanh Hoa
province in 2013).13

In sensitivity analyses, we therefore explored the effect of dif-
ferent assumptions about the amount of ongoing-transmission,
namely that this was very low, low and medium-high. To charac-
terize the epidemiology of very low, low and medium transmis-
sion settings, we used data from settings in which the percentage
of women that were still susceptible by the time they reached
child-bearing age was high (>50%), low (40–50%) and very low
(<40%) respectively. These data are shown in Figure 1 and
come from seroprevalence studies from Japan,14 Fiji,15 and
Thailand,16 (Fig. 1).

The force of infection based on these data (see Supplemental
File), as estimated elsewhere using catalytic models,10 were used
to calculate the contact parameters in the model (see below).

Contact patterns

Contact between individuals was assumed to differ between
the ages <13 and �13 years (“younger” and “older” individuals
respectively) according to the following matrix of Who Acquires
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Infection From Whom:

.�13yrs > 13yrs/

�13yrs  b1 0:7b2

> 13yrs   0:7b2     b2

Here, the rate at which those aged
�13 years effectively contact (a contact
sufficient to lead to transmission if it
occurs between a susceptible and infec-
tious person),17 each other (b1) differs
from the rate at which older individuals
effectively contact each other (b2). The
rate at which younger and older individu-
als come into effective contact is assumed
to be 70% of the rate at which older indi-
viduals effectively contact each other,
consistent with empirical data from mid-
dle-income settings[18] and overall in
Vietnam[19] (Supplemental File). This
age-stratification is consistent with analy-
ses elsewhere and changes in school atten-
dance [10,20] and therefore exposure to
rubella infection. Given the similar force
of infection among those aged <13 and
�13 years (Table S3), an alternative age
stratification will give similar results.

In sensitivity analyses, we explored
the effect of pessimistic assumptions
about contact between younger and
older individuals, whereby the effective
contact rate between younger and older
individuals, equals 30% of that at which
older individuals effectively contact each other. Such contact pat-
terns are probably atypical for Vietnam, where the age-depen-
dency in contact appears to be similar to that in Europe.19

However, they might occur in areas where parents spend a
reduced amount of time with their children and extended family,
if, for example, they travel far to work.

For each assumption about contact, one hundred sets of plau-
sible values for the contact parameters were generated using rejec-
tion sampling from the force of infection estimated for each
dataset. The model was run with each of the 100 sets of plausible
parameter values to generate the 95% range in the CRS incidence
per 100,000 live births and the numbers of CRS cases prevented.

Calculating the CRS Incidence

Following previous work,20 the CRS incidence per 100,000 live
births was calculated for 5-year age groups (15–19, 20–24, 25–29,
30–34, 35–39 and 40–44 years) for each year during 2000–2050,
assuming a 65% risk of a child being born with CRS if infection
occurs during the first 16 weeks of pregnancy. The CRS incidence
per live birth for each year in the model for mothers in each 5 year

age group was then multiplied by the estimated number of live
births to calculate the number of CRS cases born each year. The
number of CRS cases averted by each vaccination strategy by a
given year was then calculated as the difference between the cumu-
lative number of cases predicted without vaccination and that with
the given vaccination scenario. These calculations were repeated
for each assumed value for the contact parameter, generated
through rejection sampling and the average and 95% range of the
values from all 100 rejection samples was calculated.

The average CRS cumulative incidence ratio was calculated as
the ratio between the number of cases predicted by a given time
with vaccination and that without vaccination, calculated for
each rejection sample and averaged over the values obtained for
all rejection samples.

Comparisons Between Model Predictions
and the Observed Pre-Vaccination Data

Before exploring the impact of the different vaccination sce-
narios, model predictions of the age distribution of rubella cases
and the CRS incidence were compared against available data.

Figure 1. Summary of the age-specific proportions of individuals who were found to be seronegative
in the serological data that were used to characterize the epidemiology of rubella in Vietnam
[4,14,15,16] prior to the introduction of vaccination.
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Vaccination

We explored the impact of 4 vaccination scenarios on the
CRS incidence per 100,000 live births, the number of CRS cases
and the number of CRS cases prevented during 2000–2050 in
Vietnam.

1. One dose routine immunisation for children aged 9 months
2. Catch-up campaign for children aged 9 months–14years, fol-

lowed by one dose routine immunisation for children aged
9 months, identical to the planned strategy for 2014, with
GAVI Alliance support.

3. Catch-up campaign for women of child-bearing age (15–
35 years), followed by one dose of MR vaccine for children
aged 9 months in the routine schedule.

4. Catch-up campaign for children aged 9 months–14 years and
women (aged 15–35 years), followed by one dose routine
immunisation for children aged 9 months.

The vaccine efficacy and coverage are assumed to be 95% and
90% respectively. For each scenario, vaccination occurs on the
same day each year (31st August) from 2013.

Results

Comparison between model predictions and the observed
prevaccination data

Table 1 compares model predictions of the CRS incidence
and the percentage of rubella cases who were aged <15 years
before vaccination was introduced against the observed data. The
CRS incidence predicted using the seroprofile for Central Viet-
nam was 208 per 100,000 live births (95% range: 154–248),
ranging between 101 (95% range: 4–204) and 256 (95% range:
242–271) per 100,000 live births assuming the medium-high
(Thailand) and low (Fiji) transmission seroprofiles respectively.
The number of CRS cases predicted using each of the seroprofiles
was 5–20-fold greater than that observed (207 in 2011), for
example, 3836 (95% range: 2827–4566) and 1861 (95% range:
72–3761) for the Central Vietnam and medium-high (Thailand)
transmission seroprofiles respectively. Similarly, the number of
rubella cases predicted during the period 2005–2011 for each
assumed seroprofile and that reported differed greatly (1.1–
1.4 million/year vs 15,579 and 6,927 reported during the period

2005–7 and in 2011 respectively). The predicted and observed
percentage of rubella cases who were aged <15 years were similar
(51–62% vs 55% respectively) for each seroprofile, excepting
that for the medium-high (Thailand) transmission setting, for
which it was >80%.

The impact of vaccination on the CRS incidence – base-case
model

Figure 2 summarizes predictions of the impact of each vacci-
nation strategy on the CRS incidence for the base-case model.
For each assumed seroprofile, excepting that from a very low
transmission setting (Japan), introducing a single dose of vaccine
for children aged 9 months in 2013 (scenario 1) did not lead to
sustained reductions in the CRS incidence, with outbreaks pre-
dicted by 2028.

However, if an initial mass campaign occurred either among
children aged 9 months–14 years (scenario 2, equivalent to that
planned for 2014), women aged 15–35 years (scenario 3)
or both children aged 9 months-15 years and women aged
15–35 years (scenario 4) sustained reductions in the CRS inci-
dence were predicted for each assumed seroprofile, excepting that
from the medium-high transmission setting (Thailand). For a
given assumed seroprofile, each vaccination strategy led to similar
numbers of CRS cases prevented by 2050, for example, 125,000
cases (95% range: 94,000–146,000) using the serological profile
from Central Vietnam (Table 2).

Model predictions for the medium-high transmission seropro-
file (Thailand) suggested that outbreaks could occur about
15 years after introducing vaccination scenario 3 (initial cam-
paign targeting only women aged 15–35 years, with children
aged 9 months subsequently vaccinated routinely). However, for
the same assumed seroprofile, vaccination scenarios 2 and 4
(initial campaign for all children, with or without women aged
15–35 years, with children aged 9 months subsequently vacci-
nated routinely), were predicted to lead to sustained reductions
in the CRS incidence until 2050.

Sensitivity analyses
When assuming that contact between older and younger indi-

viduals was reduced (30% of that between older individuals),
then as for the base-case model, for each assumed susceptibility
profile, introducing vaccination just for children aged 9 months
into the routine schedule did not lead to sustained reductions in

Table 1. Comparison between the observed data and the predicted percentage of rubella cases that were aged <15 years, and the CRS incidence, obtained
for different assumptions about the susceptibility profile. Model predictions reflect the average value and, where calculated, the 95% range in parentheses

Average CRS
incidence per 100,000 live

births (95% range)
Number of CRS cases
in 2011 (95% range)

Average % of rubella
cases aged <15 years
during 2005–2011

Observed — 232 47
Central Vietnam 208 (154–248) 3836 (2827–4566) 62
Very low transmission (Japan seroprofile) 123 (14–219) 2269 (267–4027) 51
Low transmission (Fiji seroprofile) 256 (242–271) 4714 (4452–4992) 53
Medium-high transmission (Thailand seroprofile) 101 (4–204) 1861 (72–3761) 82
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incidence, with outbreaks predicted to occur 10 or more years
thereafter (Fig. 4).

Vaccination scenarios 2 and 4 (both including an initial cam-
paign targeting those aged 9 months–14 years), were predicted
to lead to sustained reductions in CRS incidence for all assumed
seroprofiles, excepting that for a medium-high transmission set-
ting (Thailand). However, if the initial campaign just targeted
women aged 15–35 years, predictions obtained using all the
assumed seroprofiles, excepting that from the very low transmis-
sion setting (Japan) suggested that outbreaks could occur
15–20 years after introducing vaccination.

For both assumptions about contact between individuals,
fewer cases were predicted by a given year after introducing

vaccination than if no vaccination occurred (Fig. 4), for all
assumed serological profiles, excepting that from a medium-high
transmission setting. For this assumption, more cases were pre-
dicted by 2050 after introducing vaccination if it was assumed
that contact between younger and older individuals was reduced
than without vaccination.

Discussion

Our analyses suggest that introducing rubella vaccination in
Vietnam needs to be accompanied by an extensive catch-up cam-
paign, such as the one that is currently being implemented, in

Figure 2. Predictions of the number of CRS cases per 100,000 live births in Vietnam until the year 2050, for the 4 vaccination scenarios, introduced in
2013, obtained for the base-case assumptions about contact between individuals. The black line shows the average predictions, based on 100 rejection
samples; the gray areas show the 95% range of the predictions.
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order to reduce rubella transmission and the CRS burden.
For the base-case model, with an initial campaign either among
children aged 9 months–14 years and/or women aged
15–35 years, sustained reductions in the CRS incidence were
predicted, except with medium-high levels of transmission. In
this case, an initial vaccination campaign for children aged
9 months–14 years and women aged 15–35 years (scenario 4)
was required to maintain a low CRS incidence, and, if contact
between younger and older individuals was assumed to be
reduced, the predicted number of CRS cases by 2050 with each
vaccination strategy exceeded that without vaccination.

Our model includes several simplifications.
First, the epidemiology of rubella in the absence of vacci-

nation is based on data from a recent seroprevalence survey in
Central Vietnam, and it is unclear if it is representative of the
rest of Vietnam. We accounted for this uncertainty by run-
ning the model using a wide range of contact parameters
which were consistent with these data, based on rejection sam-
pling. Also, we explored the effect of assuming alternative age-
specific serological profiles, reflecting very low, low and
medium-high transmission settings, and we used 2 different
assumptions about contact. Using data from other settings for

Figure 3. Predictions of the number of CRS cases per 100,000 live births in Vietnam until the year 2050, for the 4 vaccination scenarios, introduced in
2013, obtained for the alternative assumption about contact (the rate at which older individuals come into effective contact with younger individuals is
30% of the rate at which older individuals come into effective contact with other older individuals). The black line shows the average predictions, based
on 100 rejection samples; the gray areas show the 95% range of the predictions.
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which the age-specific proportion of
women of child-bearing age who were
susceptible matched our criteria would
not have affected conclusions.

Second, we assumed that the age-spe-
cific fertility rates after 2010 remained
unchanged. If their decline continues in
the way seen in recent decades in many
countries, including Vietnam, we may have
overestimated the numbers of CRS cases
averted by 2050.

Third, the age distribution is assumed
to remain unchanged over time. We have
minimised the effect of demographic
changes by calculating the numbers of CRS
cases each year using the actual projected
numbers of livebirths until 2050.

Fourth, for each scenario, vaccination
occurs on the same day each year. This is
unrealistic and may result in optimistic
predictions of the speed at which the inci-
dence decreases after introducing vaccina-
tion. However, it probably did not
substantially affect predictions of the long-
term impact.

We also note that the model does not
include any effects of seasonality or meta-
population dynamics, such as those dis-
cussed in other recent models.5 Data on
these effects are limited for Vietnam. Stud-
ies using TSIR (Time-series Susceptible-
Infectious-Recovered) models applied to
district-level rubella data from Mexico,21

found regional variation in the amount of
transmission and the extent to which trans-
mission varied seasonally. As shown in
Figures 2–3, the amount of transmission
influences both the impact of vaccination
and the CRS incidence. Therefore, incor-
porating regional variation in the amount
of transmission would have led to regional
variation in the impact of vaccination in
the CRS incidence. On the other hand,
incorporating seasonal variation in trans-
mission does not appear to affect the mini-
mum level of vaccination coverage required
to prevent increases in the burden of CRS,5

suggesting that incorporating its effect in
our analyses would not have affected our
conclusions.

According to routine surveillance of
CRS in Vietnam, established in 2011,22

232 babies were born with CRS. Model
predictions of the numbers of CRS cases
for each seroprofile greatly exceeded those

Figure 4. Summary of predictions of the average cumulative CRS incidence ratio for each assumed
serological profile and assumptions about contact between individuals.
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observed, although these were within the 95% range of predic-
tions from the medium-high transmission profile. The discrep-
ancy between the observed and estimated number of cases reflects
difficulties in reporting and detecting CRS cases. For example,
the reported number of cases included data from hospital-
based sentinel sites, which could have missed some cases whose
mothers did not access the health services and were born at
home. Cases which were aborted spontaneously or with medi-
cal assistance would have also been missed in routine surveil-
lance. Also, deafness, a common manifestation of CRS, is
difficult to detect in young children, and will therefore usually
be identified several years after infection.23 Thus, cases for
whom deafness is the sole manifestation of CRS are unlikely
to be included in surveillance statistics. Finally, rubella-specific
IgM, which is used for laboratory confirmation, is thought to
be detectable in about 60% of those aged 6–12 months.24

We have assumed that the amount of contact between youn-
ger and older individuals was 70% of that between older individ-
uals, based on data from European contact surveys.18 Recent
data,19 suggest that while the Vietnamese reported fewer daily
numbers of contacts than their European counterparts, the age-
dependency in contact was similar for both locations, suggesting
that our assumption about reduced contact between children and
adults may be pessimistic.

For each assumed seroprofile, if the initial mass campaign
already includes children aged 9 months–14 years, including
women aged 15–35 years did not increase predictions of the
numbers of CRS cases averted. This follows from the rela-
tively low force of infection assumed before vaccination is
introduced for Vietnam, so that an initial campaign among
children aged 9 months–14 years is predicted to reduce trans-
mission to low levels in the population. Subsequently intro-
ducing routine vaccination for children aged 9 months is

predicted to sustain the reduced levels of transmission and
CRS incidence. However, in settings in which there is more
ongoing transmission than we have assumed in our analyses,
routine vaccination of children aged 9 months alone is
unlikely to lead to sustained reductions in the CRS incidence.
Therefore, it would be important to introduce vaccination of
adolescent girls at the same time as vaccination of children
aged 9 months, in order to prevent increases in the CRS
incidence.

Our analyses support the vaccination strategy that is planned
from 2014 in Vietnam, showing that introducing routine vacci-
nation of children aged 9 months, with an initial campaign tar-
geting children aged 9 months–14 years could result in
sustained reductions in the CRS incidence, if the age-specific
proportion of individuals that are susceptible to rubella matches
that in Central Vietnam. Our findings are likely to be relevant
for other countries, who, with GAVI Alliance support, are con-
sidering introducing rubella vaccination. The reduction in the
force of infection following the introduction of vaccination
leads to a reduced opportunity for exposure to infection. As a
result, an increased proportion of women can reach child-bear-
ing age still susceptible to infection, unless they have been vac-
cinated. If the vaccination coverage is sub-optimal, an increase
in the proportion of women reaching child-bearing age still sus-
ceptible can be accompanied by an increase in the number of
new infections among women of child-bearing age, and there-
fore an increase in the CRS incidence. If this occurs, introduc-
ing routine vaccination of children aged 9 months, with an
initial campaign targeting children aged 9 months–14 years
may lead to more CRS cases occurring by 2050 than that
without vaccination. It is therefore important for countries that
are considering introducing rubella vaccination to collect sero-
prevalence data before introducing rubella vaccination, to

Table 2. Summary of the numbers of CRS cases prevented during the period 2013–2050 by the introduction of MR vaccination in 2013 through 4 vaccina-
tion scenarios, assuming that the age-specific proportion susceptible follows the pattern seen in serological data from Central Vietnam, Japan, Fiji and Thai-
land (see Fig. 1) and using the base-case assumptions about contact between individuals. The numbers in parentheses reflect the 95% range of model
estimates, obtained through rejection sampling

Serological profile

Scenario Central Vietnam
V low transmission

(Japan)
Low transmission

(Fiji)
Medium-high

transmission (Thailand)

1. One dose routine immunisation
for children aged 9 months

117862 (88937, 139180) 71566 (8714, 115909) 139323 (128520, 148684) 50241 (¡15988, 105867)

2. Catch-up campaign for children
aged 9mths–14years, followed by
one dose routine immunisation
for children aged 9 months

125105 (93837, 146215) 73612 (8830, 120255) 153284 (151589, 154208) 60391 (2307, 121906)

3. Catch-up campaign for women of
child-bearing age (15–35 years),
followed by one dose routine
immunisation for children aged 9 months

124323 (93526, 146222) 73695 (8764, 120676) 153427 (151681, 154392) 51990 (¡16051, 118611)

4. Catch-up campaign for children aged
9 months–14 years and women
(aged 15–35 years), followed by one dose
routine immunisation for children
aged 9 months

125455 (94055, 146661) 73951 (8845, 120920) 153834 (152109, 154774) 60504 (2309, 122204)
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understand the existing epidemiology of rubella and the poten-
tial impact of vaccination.
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