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A B S T R A C T

The World Health Organization’s Immunization and Vaccines-related Implementation Research Advisory Com-
mittee (IVIR-AC) serves to independently review and evaluate vaccine-related research to maximize the potential
impact of vaccination programs. From 28 June – 1 July 2024, IVIR-AC was convened for an ad hoc meeting to
discuss new evidence on criteria for rubella vaccine introduction and the risk of congenital rubella syndrome.
This report summarizes background information on rubella virus transmission and the burden of congenital
rubella syndrome, meeting structure and presentations, proceedings, and recommendations.
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1. Background

Rubella is an acute viral infection that usually presents with mild
symptoms, including fever, rash, and lymphadenopathy, in children and
adolescents and is transmitted by respiratory droplets [1]. Rubella virus
infection rarely results in severe clinical outcomes (e.g., 1 in 6000 in-
fections develop post-infection encephalitis [2]). However, rubella virus
acquired just prior to conception or during pregnancy, particularly in
the early weeks of gestation, can lead to fetal death, miscarriage, or
congenital rubella syndrome (CRS). Among women infected with
rubella virus during the first 8–10 weeks of pregnancy, multiple fetal
congenital abnormalities can occur in 90 % of cases [3]. Infants born
with CRS can have auditory, ophthalmic, cardiac, and craniofacial
anomalies and suffer severe developmental disabilities and delays.

Immunization against rubella is available with a live, attenuated
vaccine usually given in conjunction with a measles-containing vaccine
(MCV) in the form of measles- and rubella-combination (i.e., MR) or
measles-, mumps- and rubella-combination (i.e., MMR). A single dose of
any rubella-containing vaccine (RCV) provides long-term protection and
has approximately 95 % efficacy. In the pre-vaccine era, rubella virus
circulated seasonally and caused large, variable outbreaks occurring
annually or every five to nine years. Reported pre-vaccine CRS incidence
was 0.1–0.2 per 1000 live births, rising to 0.8–4 per 1000 live births
during epidemics [4–7]. The estimated CRS incidence in 2019 was 64
(95 % confidence interval (CI): 24–123) per 100,000 live births in the
African Region and 27 (95 % CI: 4–67) per 100,000 live births in the
Eastern Mediterranean Region [8]. In regions where most countries have
introduced RCV, CRS incidence in 2019 is estimated to be low (i.e., less
than 1 per 100,000 live births (95 % CI: less than 1–8) in the South-East
Asian Region and less than 1 per 100,000 live births (95 % CI: less than
1–12) in the Western Pacific Region; similar estimates are found in the
European Region and in the Region of the Americas. Through immuni-
zation, rubella elimination has been achieved in more than 50 % of all
countries and deemed feasible to achieve in others [9].

1.1. Paradoxical effect of RCV introduction

Countries with the highest incidence of CRS are those without RCV in
their immunization programs. In the absence of vaccine, most women
were immune to rubella prior to childbearing age. However, suscepti-
bility among women of childbearing age can increase if a wide age range
introduction campaign is not conducted, routine RCV coverage is low,
and regular follow-up campaigns are absent. This increase in suscepti-
bility is due to an increasing average age at time of infection, and for
rubella may lead to increases in CRS incidence. This phenomenon has
been referred to as the “paradoxical effect”; it has been demonstrated
theoretically using mathematical models [10,11] and may have been
observed in Costa Rica [12] and Greece [13], where there were no wide
age range introductory campaigns, low routine RCV coverage, and no
follow-up campaigns. However, reducing rubella transmission through
increasing vaccination coverage was sufficient to prevent further CRS
cases in these countries. The paradoxical effect can be avoided if
coverage levels are sufficiently high, which have been historically esti-
mated to be approximately 80 %.

The coverage level needed to preempt the paradoxical effect is
closely related to the level of disease transmission. As birth rates in many
countries decrease with demographic transitions, transmission of
rubella generally decreases and sufficient vaccination coverage levels to
prevent an increase in CRS burden are estimated to be reduced [11].
Similarly, a lower R0, the basic reproduction number (i.e., the number of
secondary infectious people resulting from a single infectious individual
in a completely susceptible population), results in a lower sufficient
rubella vaccination coverage to prevent increases in CRS burden. His-
torically, the R0 for rubella has been estimated to vary from 2.4 to 7.8 in
Europe [14,15] and 6.9 to 11.8 in Addis Ababa, Ethiopia [16]. As a
result, early modeling exercises to assess the impact of rubella

vaccination would assume equally likely R0 values between 5 and 12
[11,17]. Recent estimates of R0, however, are lower than those previ-
ously estimated. In a recent global assessment [18], R0 was estimated in
African, Eastern Mediterranean, Western Pacific, and South East Asian
regions to be less than five in most settings and typically ranging be-
tween 2 and 3. The typical range for R0 in the Americas was 3–4 and 4–7
in the European region.

1.2. Current recommendation for RCV introduction

The World Health Organization (WHO) recommends the introduc-
tion of RCV into national immunization programs to reduce the burden
of CRS and ultimately eliminate rubella [19]. With MR combination
vaccines, WHO recognizes that progress on rubella vaccination and
elimination will also reduce measles burden, particularly via the rec-
ommended wide age range catch-up campaigns at the time of RCV
introduction, and accelerate progress towards measles elimination.
Measles vaccination programs can serve as a platform for RCV intro-
duction. In 2000, WHO recommended RCV introduction for countries
that can achieve 80 % or greater coverage, as evidenced by achieving at
least 80 % first-dose coverage of any measles-containing vaccine
(MCV1) through routine immunization programs. However, WHO rec-
ommends careful consideration prior to introducing RCV to ensure a
long-term commitment to sustaining sufficiently high vaccination
coverage.

In 2010, the Strategic Advisory Group of Experts on Immunization
(SAGE) recommended that the 80 % criterion should be extended to
consider campaign coverage of any MCV. SAGE also recommended that,
in addition to meeting an 80 % coverage threshold, countries should
introduce RCV alongside a wide age range catch-up campaign (e.g.,
targeting children aged 9 months to 15 years, or based on the suscep-
tibility profile across birth cohorts). Immediately following this initial
catch-up campaign, RCV should be introduced into the routine immu-
nization program at either 9 or 12 months, depending on the current
MCV1 schedule. All follow-up campaigns and measles or rubella
outbreak response should be conducted with combination RCV (e.g.,
MR) rather than monovalent measles vaccines, with campaign target age
ranges dependent on country-specific measles and rubella epidemi-
ology. In 2020, SAGE reconfirmed their 2010 recommendations.

Evidence from recent modeling analyses of data from Nigeria [20], a
country that has yet to introduce RCV, and generalized transmission and
demographic settings across sub-Saharan Africa [21] provide new in-
sights on the potential impact of RCV introduction on increasing CRS
burden. In light of demographic changes (i.e., population size and birth
rates) and updated estimates of R0 consistent with other recent findings
[18], these new analyses suggest that reconsideration of guidance for
RCV introduction is warranted.

2. Scope and objective of meeting

As an advisory board to the WHO Immunization, Vaccines, and Bi-
ologicals (IVB) Department and SAGE, the Immunization and Vaccines-
related Implementation Research Advisory Committee (IVIR-AC) pro-
vides an independent assessment of methodology used across vaccina-
tion impact and effectiveness, implementation science, and modeling
analyses. IVIR-AC has no executive or decision-making power [22]. As
rubella vaccine introduction policy will be discussed during the up-
coming SAGE meeting (24–26th September 2024), IVIR-AC was
requested to review two new modeling analyses in an ad hoc session
outside their bi-annual meeting calendar. Specifically, IVIR-AC was
requested to review analyses that explore the risk of the paradoxical
effect of RCV introduction on increasing CRS burden and comment on
the methodologies. Additionally, IVIR-AC was asked to provide sug-
gestions for any modifications or clarifications that are required and
feedback on the plans for future related work.

This report summarizes proceedings and recommendations of the
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IVIR-AC’s virtual ad hoc meeting held from 28th June–1st July 2024
[23]. An overview of each presentation given during the meeting ses-
sion, committee feedback, and recommendations are described below.

3. Description of session

A modeling team from the Institute for Disease Modeling (IDM)
presented on findings from a generalized modeling analysis across set-
tings in sub-Saharan Africa [21]. The study team implemented a sto-
chastic, age-specific, agent-based model using Epidemiological
MODeling software [24] (EMOD) software that assumed an R0 of 5, age-
specific susceptibility, and no age-structured infectivity for those who
were infectious. Rubella and CRS burden were calculated based on es-
timates of age-structured incidence (from modeled output) and age-
structured fertility rates from the United Nations (UN) World Popula-
tion Prospects (WPP). In the absence of vaccination (i.e., a scenario
when routine immunization coverage equals 0 %), rubella dynamics
were estimated to be at equilibrium. With RCV introduction at various
routine coverage levels (i.e., 50 %, 60 %, 70 %, and 80 %) and in the
absence of a wide age range catch-up campaign, infections were esti-
mated to equilibrate after approximately five years after an initial
decrease in rubella cases. However, the age distribution of rubella cases
was estimated to continue evolving over 20 years as the demographic
profile of populations likewise continued to change. In the scenario with
60 % routine RCV coverage and no catch-up campaign, similar levels of
CRS resurgence were estimated compared to what was observed after
RCV introduction via routine immunization systems in Costa Rica [12]
and Greece [13]. Annual estimates overall suggested yearly variability
in transmission, including evidence of both interruption, re-
introduction, and outbreak.

The team also presented scenarios with dynamic demographics
(including overall population size and declining mortality and fertility
rates). When using dynamic populations under the no-vaccination sce-
nario, estimated rubella incidence declined overall, but estimated CRS
incidence increased by over 33 % in the next 25 to 30 years. Across
routine vaccination scenarios, rubella incidence also was estimated to
decline before reaching equilibrium and estimated CRS incidence
immediately declined before leading to resurgence approximately 15
years later. These dynamics were different from those observed in pre-
vious modeling scenarios as there was a significant reduction in future
CRS at levels of coverage (i.e., 60 %) that were associated with an in-
crease in CRS in models that did not account for the demographic
changes. However, quantitatively, RCV introduction without an initial
catch-up or any follow-up campaigns, which is not recommended, did
not increase CRS burden above baseline 15 years later in any scenario
apart from an assumption of 50 % coverage. The team has previously
applied this model to the Democratic Republic of the Congo and found
similar results [25]. Based on their modeled results, the team concluded
that overall:

• RCV introduction will lead to immediate declines in CRS;
• in scenarios with no vaccination, there will be increased CRS burden

as fertility rates decline;
• incomplete vaccination may lead to CRS resurgence following 15

years post introduction; and
• implementing a wide age range catch-up campaigns at time of

introduction and periodic follow-up campaigns will reduce suscep-
tibility accumulations and outbreak risk.

Additionally, a modeling team from Pennsylvania State University
(PSU) presented on results from a subnational modeling analysis of CRS
risk following RCV introduction in Nigeria [20]. The study team fitted
an age-specific catalytic model to state-level serological data from
approximately 40,000 children and women collected during the 2018
Nigeria AIDS Indicator and Impact Survey [26]. Using these results, the
team then fitted a separate force of infection model assuming age-

structured mixing across three age categories (i.e., 0-to-2-years, 3-to-
14 years, and 15 years and older). R0 was estimated using a next gen-
eration matrix approach and found to range between 2.5 and 6.5 with
lower values in southern states and higher values in northern states.
Nationally, R0 was estimated to be between 3.3 and 4.1; both of which
were lower than previous estimates of R0. These updated R0 values were
used to parameterize a deterministic, age-structured transmission model
of rubella and was calibrated to empirical data from Nigeria. This model
assumed that routine RCV coverage varied subnationally and was equal
to current MCV1 coverage (i.e., MCV is replaced with an MR combina-
tion vaccine). Additionally, the model generated uncertainty from the
posterior distribution of estimates of age-specific force of infection.

Overall, the team estimated that catch-up and follow-up campaigns
consistent with the expectation of continued measles control efforts
would avoid CRS increases in all states. In analyses that only considered
routine vaccination (i.e., no catch-up and no follow-up campaigns),
northern states, with higher R0 and lower MCV1 coverage, were esti-
mated to experience an initial decrease in CRS burden and then an in-
crease in CRS after 10 or more years. Southern states, with lower R0 and
higher MCV1 coverage, were estimated to experience a decrease in CRS
incidence following introduction that persisted across the modeled 30-
year period. When aggregated nationally, these results suggested an
overall net reduction in annual CRS burden. The team also simulated
scenarios of routine coverage and campaigns; in all scenarios, there was
a large short-term reduction of CRS incidence with or without catch-up
campaigns. The cumulative benefit of RCV introduction on CRS burden
varied across states and across vaccination scenarios. The team
computed that the minimally sufficient coverage to avoid increased CRS
burden is less than 80 % in all states (range between 0 % and 76 %).
Among 13 states projected to have an increase in CRS burden at current
MCV1 coverage levels, annual increases in MCV1 coverage between 1
and 5 % over 10 to 15 years were estimated to prevent an increase of
CRS cases. Using their modeled results, the study team overall concluded
that in Nigeria:

• current thresholds of 80 % coverage are overly conservative relative
to current demography and rubella epidemiology;

• current routine MCV1 coverage is sufficient to achieve net reduction
in CRS cases, and catch-up and follow-up campaigns can prevent CRS
increases even at current levels across all states; and

• RCV introduction in Nigeria with wide age range catch up campaigns
will result in 11,000 CRS cases averted over 5 years.

To complement the research already performed, a team from PSU
also presented on behalf of a group of rubella modelers (University of
Georgia (UGA), UK Health Security Agency (UKHSA), IDM) on a pro-
posal for a simulation study to evaluate CRS risk following vaccine
introduction in the 19 countries that have yet to introduce RCV into
their national immunization program. Building on the team’s previous
work to understand the feasibility of measles and rubella elimination
through modeling various vaccination scenarios [9], the team proposed
to project national rubella and CRS burden over a 40-year period
following RCV introduction with projected demographic changes in
population size and birth rates. The team proposed to apply two separate
models of rubella virus transmission currently used for rubella estima-
tion for the Vaccine Impact Modeling Consortium (VIMC). For param-
eterizing both models, IVIR-AC welcomes the sampling of R0 from
posterior distributions and recommends prioritizing the use of sub-
national serosurveillance data to estimate R0 where such data are
available. IVIR-AC emphasizes the need to present detailed methodol-
ogy and assumptions for countries and locations where no serological
data are available and alternative estimates for R0 are applied.

Fourteen scenarios were proposed for projection simulations: one
scenario with no vaccination, one scenario assuming current MCV1
coverage (i.e., coverage does not increase) and no catch-up or follow-up
campaigns, four scenarios with current MCV1 coverage and varying
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catch-up campaign coverage (i.e., 60 %, 70 %, 80 %, 90 %) and no
follow-up campaigns, and eight scenarios with current MCV1 coverage
with varying catch-up campaign coverage (i.e., 60 %, 70 %, 80 %, 90 %)
and varying follow-up campaign coverage (i.e., 60 %, 90 %). Catch-up
campaigns are defined as those targeting children aged 6 months to
14 years once at the time of the RCV introduction and follow-up cam-
paigns are defined as those targeting children aged 9 months to 5 years
and occurring every 3–4 years to fill gaps in routine immunization
coverage. IVIR-AC welcomes the broad set of scenarios that have been
proposed for planned simulations of RCV introductions across the 19
countries without RCV. For the scenarios modeling routine immuniza-
tion only, IVIR-AC encourages consideration of scale-up in coverage to
reach operational targets as that will have an impact on CRS burden. If
modeled estimates in the current scenario with static routine immuni-
zation coverage alone result in projected increases in CRS, IVIR-AC
recommends identifying the minimally sufficient coverage threshold
to determine the needed improvements to routine coverage to avoid CRS
increases without supplementary vaccination campaigns per the Nigeria
analysis [20].

The study team proposed to produce outputs of annual and cumu-
lative rubella incidence, annual and cumulative CRS incidence, the
proportion of years with a rubella outbreak (defined as 5 infections per
100,000 population), and the effective reproductive number (RE) in
each year. Results across both models (UGA and UKHSA) will be
compared to each other as well as to the published results from the IDM
and PSU models presented during the session. Comparisons will be made
across metrics of rubella and CRS burden as well as risk of exceeding
baseline CRS incidence and time to exceeding CRS incidence. Addi-
tionally, the team proposed exploring comparisons of results from
national-level models to results from subnational data. When comparing
subnational and national models in the Democratic Republic of the
Congo and Nigeria, IVIR-AC recommends a clear reporting of projected
differences and the associated implications for the national-level model
projections in the remaining 17 countries. While subnational modeling
may be ideal to capture relevant heterogeneity, IVIR-AC recommends
that outputs from the proposed national-level models, which are likely
to present more optimistic projections for CRS burden, are appropriately
contextualized in each of the 19 countries. Given the heterogeneity in
MCV coverage and implementation challenges (e.g., access to health
services, ongoing conflict) in many of the 19 countries, the results
should be caveated with suggestions of potential sub-national impact on
coverage and CRS burden.

Across the 19 countries, IVIR-AC recommends conducting similar
threshold-based analyses to estimate minimally sufficient levels of both
catch-up and follow-up campaign coverage necessary to prevent in-
crease in CRS burden. IVIR-AC recommends additional scenario
modeling for catch-up campaigns introducing age-based coverage
thresholds for 9–59 months and 5–14 years to account for possible
reduced coverage among older children. Wherever possible, IVIR-AC
recommends the use of historical coverage data from measles supple-
mentary immunization activities to inform coverage thresholds for the
proposed scenario modeling. Where data are not available, assumptions
around coverage threshold should be presented as rationale.

Overall, IVIR-AC finds the modeling analyses of rubella virus trans-
mission presented by teams from IDM and PSU to be sound and supports
the proposed use of VIMC models to simulate RCV introduction in the 19
countries that have not yet introduced. Due to the changes in population
demographics, IVIR-AC recognizes an increasing risk of CRS even in the
absence of rubella vaccination. RCV introduction can interrupt trans-
mission of rubella virus and reduce the projected future burden of CRS,
and thus promote the elimination of rubella. As Gavi, the Vaccine Alli-
ance, follows current WHO recommended policy and most remaining
countries are Gavi-eligible, it is expected that RCV introduction would
be implemented using standard introductory catch-up campaigns and
later follow-up campaigns. However, IVIR-AC recognizes the continuing
risk of observing the paradoxical effect (i.e., increasing CRS in the

presence of vaccination) resulting from suboptimal coverage following
RCV introduction if the recommended catch-up campaign at introduc-
tion and subsequent follow-up campaigns are not implemented. IVIR-AC
acknowledges that the modeled increase is not anticipated to be im-
mediate but over a period of time, beginning approximately 10 years
from vaccine introduction as susceptible populations accumulate if RCV
coverage were to remain suboptimal. IVIR-AC strongly supports the
proposed modeling with multiple scenarios and outcomes being
considered for RCV introduction, including various combinations of
coverage achieved through routine immunization and both catch-up and
follow-up campaigns. Across all modeling analyses, IVIR-AC recom-
mends non-specialist communication of the different modeling scenarios
being applied for RCV introduction. The modeling results should be
presented in the context of future implementation. Additionally, IVIR-
AC recommends countries develop a risk communication strategy to
mitigate any adverse impact on vaccine confidence if outbreaks of
rubella or CRS were experienced 15–20 years after a rubella vaccination
program was introduced.

4. Conclusions

New available modeling evidence suggests that demographic
changes can result in increased CRS incidence in the absence of vacci-
nation. However, this increase in CRS cases may be mitigated by care-
fully planned RCV introduction and sustained coverage at sufficient
levels. After reviewing the presented methods and evidence, IVIR-AC:

• finds that the methodology used to address these questions is
appropriate;

• welcomes the additional projection modeling analyses and recom-
mends supplementary scenarios to complement those planned; and

• emphasizes the need for transparent, nuanced, and contextualized
communication of methodologic assumptions and scenario results.

SAGE will review the evidence presented during this meeting, and
the corresponding IVIR-AC recommendations and feedback, during their
upcoming September meeting. IVIR-AC will next convene for their
biannual meeting from 9 to 13 September 2024.
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