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Introduction
The introduction and widespread use of measles- and rubella-

containing vaccines (MCVs and RCVs, respectively) significantly 
reduces the burden of these diseases nationally, regionally, and 
globally. National use of measles and rubella vaccines began with 
developed countries rapidly adopting the vaccines to control and 
ultimately eliminate indigenous transmission of measles and rubella. 
The United States licensed the first measles vaccine (M) in 1963 and 
the first combined measles, mumps, and rubella vaccine (MMR) 
in 1971 [1]. A major outbreak of rubella in the early 1960s led to an 
estimated approximately 20,000 infants born in the US with Congenital 
Rubella Syndrome (CRS). This outbreak motivated broad adoption 
of rubella vaccination in combination with measles immunization, 
which led to apparent interruption of transmission in 1996 [2] with 
confirmed interruption of endemic rubella by 2001 [3]. Using MMR, 
the US pursued a measles control strategy for decades but experienced 
periodic outbreaks due in part to importations [4,5] as it pursued three 
initiatives to eliminate indigenous transmission [1]. The final initiative, 
in response to the measles resurgence of 1989-1991, led to intensified 
efforts to strengthen routine immunization with two doses of MMR 
[6,7]. As a result of these efforts the US successfully documented 
the elimination of indigenous measles transmission in 2000 [8]. 
Similarly, Canada and many developed European countries rapidly and 
significantly reduced their burdens of measles and rubella following 
the introduction of vaccines [1]. The addition of measles vaccine to the 
Expanded Programme on Immunization (EPI) schedules in 1974 with 
support from UNICEF and other immunization partners significantly 
extended the number of countries using measles vaccines [9]. Middle- 
and low-income countries gradually started to increase their population 
immunity levels for measles by adding a second routine dose of measles 
vaccine (MCV2), conducting preventive supplemental immunization 
activities (SIAs), and/or more recently by responding to outbreaks with 
vaccination campaigns. 

World Health Organization (WHO) regions began adopting 
regional measles and rubella goals following the successes of some of 
their member states. In 1994, the Pan American Health Organization 
(PAHO) set a goal of measles elimination for the region of the Americas 
by 2000 and in 2003 it set a goal for elimination of rubella by 2010 [10-
12]. PAHO successfully stopped indigenous transmission of measles 
viruses in the Americas in 2002 and rubella in 2009 [13], but PAHO 
countries remain vulnerable to importations from other regions, which 
can cause extensive and expensive outbreaks [14-16]. Currently, four 
other WHO regions are pursuing goals to stop indigenous measles 
transmission (Eastern Mediterranean by 2015, European by 2015, 
Western Pacific by 2012, and African by 2020) and the South-East 
Asia Region set a goal to reduce measles mortality by 95% compared 
with 2000 levels by 2015 [13]. Regional goals for rubella currently lag 
those for measles, with the European Region targeting the cessation of 
indigenous transmission of rubella by 2015, the Western Pacific Region 
pursuing an accelerated rubella and CRS prevention goal for 2015, and 
other regions discussing the options [13]. While all 194 WHO member 
states include at least one dose of a MCV in their routine schedules, 
approximately 30% (n=63) have yet to introduce RCV. 

The Measles and Rubella Initiative (http://www.measlesrubellaini-
tiative.org/) launched in 2001 to coordinate regional and global activi-
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Abstract
Countries currently choose from several different measles and rubella containing vaccine options and use a 

wide range of vaccination schedules as they control the transmission of measles only or measles and rubella viruses 
within their borders and cooperate and coordinate to achieve regional and/or global goals. This paper discusses the 
current national options that countries use or could use for national measles and/or rubella control or elimination and 
existing associated regional goals to characterize the expected current global path and identify alternative paths. 
With highly effective, relatively inexpensive, and safe vaccines available we can potentially end indigenous measles 
and rubella virus transmission. The Pan American Health Organization eliminated endemic transmission of both 
measles and rubella, which demonstrated the possibility of global eradication, and four other regions of the World 
Health Organization are now pursuing targets for regional elimination. We discuss the choice of a global strategy 
of control compared to eradication to highlight the choices, opportunities, issues, and challenges that will ultimately 
determine the magnitude of human and financial costs of measles and rubella globally over the next several decades 
and beyond. 
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ties on measles, which formally expanded to include rubella in 2012, 
provides ongoing support and strategic planning for the achievement 
of major milestones [13]. In 2003, the 52nd World Health Assembly 
(WHA) endorsed a resolution by the 2002 UN General Assembly Spe-
cial Session on Children to reduce mortality from measles by 50% of the 
1999 levels by the year 2005 [17]. Following achievement of this goal 
[18], in 2008 the 61st WHA resolved to reduce mortality from measles 
by 90% of the 2000 levels by the year 2010 [19]. Assuming near achieve-
ment of the goal set in 2008, in 2010 the 63rd WHA resolved to reduce 
measles mortality by 95% or more compared to 2000 estimates by 2015 
[20]. A recent analysis found that resurgence of measles in Africa in the 
late 2000s and delayed implementation of accelerated measles immu-
nization efforts in India led to missing the global goal of 90% reduced 
mortality by 2010 (i.e., the analysis found a 74% reduction achieved 
globally), compared to the 2000 levels [21]. Nonetheless, pursuit of the 
2015 goals continues and reduced mortality for measles contributed 
significantly to efforts to achieve the United Nations (UN) Millenni-
um Development Goal 4 (MDG4) of reducing overall deaths among 
children by two-thirds between 1990 and 2015 with routine measles 
vaccination coverage serving as one of 3 main indicators of progress 
toward MDG4 [22]. Estimates suggest that the acceleration of measles 
control efforts accounted for approximately 23% of the total reduction 
in averted deaths of children under 5 years old between 1990 and 2008 
[23], although the estimated impact expressed in relative or absolute 
terms remains a subject of debate and depends on how analysts attri-
bute deaths and the time period they use [21,23-25]. 

Coordinated efforts for rubella began later than efforts for measles, 
and countries continue to gradually adopt rubella vaccination into their 
routine immunization schedules. The WHO recommends that member 
states yet to introduce rubella vaccination take the opportunity offered 
by accelerated measles control and elimination activities to introduce 
RCVs [26]. Recently, the GAVI Alliance sought to stimulate increased 
adoption of RCVs and opened significant funding opportunities 
to support eligible countries to introduce rubella vaccination and/
or deliver a second dose of MCV [27]. Eligible countries can apply 
for and receive GAVI Alliance support for the bundled measles and 
rubella vaccine (MR). The GAVI Alliance will also cover a share of the 
operational costs to introduce rubella vaccine through a MR catch-
up campaign of males and females aged 9 months to 14 years (with 
the exact age range depending on national rubella epidemiology). In 
addition, eligible countries can apply for an MR vaccine introduction 
grant to facilitate activities in the first year of MR introduction into 
routine immunization [27]. The GAVI Alliance anticipates that 48 
countries will introduce MR vaccine by 2018 with its support [28], and 
it requires countries to meet certain requirements to receive support, 
including a demonstrated ongoing financial commitment to maintain 
RCVs in routine immunization [27]. 

Discussions about potential eradication (i.e., elimination in all six 
WHO regions) of measles began shortly after introduction of the vaccine 
[29,30], with attention to rubella eradication appearing relatively later 
[2,31]. Steady and significant progress and existing regional elimination 
goals supported recent discussions of eradication [32], but no global 
eradication goal (i.e., no commitment or target date) currently exists 
for measles or rubella. Notably, the current global focus on completing 
the eradication of wild polioviruses as a public health emergency and 
experience with delays associated with that effort impacts perceptions 
about eradication as a global goal and the availability of financial and 
other resources for other disease eradication and control initiatives. The 
reality of resource constraints motivates demands for the development 
of an investment case to characterize the risks, costs, and benefits of 

globally-coordinated efforts for measles and rubella management in the 
context of polio eradication. Developing an investment case requires 
characterization of the current expected path (i.e., the status quo or 
baseline) and alternative options [33]. This paper seeks to characterize 
the current expected path and identify alternative options for measles 
and rubella management following the approach used for managing 
polioviruses to characterize the current national immunization 
strategies [34], global options [35], and post-eradication options [36]. 
We discuss key issues associated with the full set of options with the 
hope that this will encourage broader discussions with groups of 
stakeholders and facilitate efforts to manage expectations and support 
coordination efforts to establish and achieve global goals for measles 
and rubella. 

Before discussing the methods, we note that despite the inclusion 
of mumps in some MCVs, we do not include consideration of mumps 
in this analysis. While the perceived and actual benefit of mumps 
control remains well-established in some developed countries [37,38], 
experience with adverse events (e.g., aseptic meningitis) from MMR 
immunization with the Urabe mumps vaccine strain led Japan 
to replace MMR with MR in its schedule [39]. In addition, many 
developing countries do not appear to perceive the benefits of routine 
mumps vaccination as exceeding the associated costs and/or risks. 
The relatively less effective protection provided by mumps vaccine 
compared to measles and rubella vaccines [38], waning of immunity, 
perception of mumps as not a serious disease, and lack of funding 
available to support the introduction of mumps vaccination also make 
it less attractive at this time for consideration in an investment case, 
although it may become relatively more attractive in the future. 

Methods
We reviewed the existing national immunization schedules 

reported to the WHO to characterize current national measles and 
rubella containing vaccine choices and potential options for the 194 
WHO member states [40]. This analysis represents a snapshot of current 
reported national choices, because countries periodically change 
their schedules as local disease epidemiology, vaccine options, and 
opportunities change (e.g., the new GAVI Alliance funding discussed 
above), and many countries also increase their population immunity 
by conducting SIAs. 

In addition to reviewing the reported schedules, we developed 
decision trees that identify categories of current policies and list the 
possible decision options within those categories from the perspective of 
a national policy maker. We then highlighted the implied set of options 
of the globally-coordinated minimum strategy. We sought to make 
comprehensive decision trees that would represent all of the options, 
and we included the option of “Others” to recognize the possibilities 
that we inadvertently missed some options and/or new options may 
emerge in the future. We focus on the globally-coordinated minimum 
because countries and regions remain interdependent with respect to 
the control or eradication of highly-transmissible infectious diseases 
like measles and rubella. The viruses easily cross international borders 
in our highly interconnected world and they have the propensity to 
cause outbreaks or epidemics [33,35,41]. Any individual country can 
always pursue a strategy that exceeds the minimum, but the minimum 
will determine the least that countries can expect with respect to global 
collaboration and coordination towards goals. We define a goal as 
the combination of a specific target (e.g., reduced mortality by 95%, 
elimination) and a target date (e.g., by 2020, 2025). 

Given uncertainty about the future, we characterized the current 
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expected global path and potential alternative paths using all 
available information from the literature. We also sought input from 
stakeholders, which we collected as part of a process to solicit their input 
on the development of investment cases (see details about stakeholder 
engagement process reported elsewhere [33]). With respect to the 
current expected path and future options, we specifically requested 
input from stakeholders related to the timing of potential alternatives 
and perspectives on the impact of other global initiatives (e.g., polio 
eradication).

Results
Figure 1 shows the options that the 194 WHO member states 

currently choose from as they determine their national immunization 
strategy for measles and/or rubella with the possibility of other potential 
options captured in the other category. All WHO members currently 
include at least one dose of MCV in their routine immunization 
schedules (MCV1) and most include a second dose (MCV2). The WHO 
recommends two doses of MCV [42], but a few countries include a third 
dose (MCV3) or revaccination contact after the MCV2 presumably to 
ensure the receipt of at least 2 doses, which in some cases target specific 
risk groups. The decision tree shows the different vaccines that WHO 
member states use: measles (M), measles and rubella (MR), measles, 
mumps, and rubella (MMR), and measles, mumps, rubella, and varicella 
(MMRV), with a hyphen used to separate each dose and the number 
of member states reporting use of the vaccine(s) shown in brackets 
if more than one member state reported use of the vaccine(s). Most 

countries that include MMRV in their schedules include the option of 
either MMR or MMRV, which we denote in the figure as MMR[V]. 
Although the tree shows a large number of vaccination options, most 
WHO member states use at least 2 doses of MMR (with or without 
varicella) (n=107, 55%). Approximately a quarter of member states 
(n=47, 24%) use M and another 16 (8%) member states use M-M. The 
figure also shows the recommended timing of the MCV1 in months 
and the MCV2 and MCV3 in years, with the number of member states 
reporting the recommended age shown in brackets if more than one 
member state reported the indicated age. Although the tree shows a 
wide range of ages for MCV1, most member states deliver MCV1 
routinely at either 9 months (n=71, 37%), 12 months (n=82, 42%), or 
15 months (n=14, 7%).

Currently countries that do not deliver MCV2 through routine 
immunization and some countries that do not achieve or maintain 
high coverage in routine immunization conduct SIAs. Figure 2 shows 
the choices related to implementing preventive SIAs. As suggested 
by Figure 2, countries may perform SIAs with different frequencies 
(e.g., depending on the MCV coverage they achieve through routine 
immunization and SIAs and local disease epidemiology) using a 
range of vaccine options. Most SIAs currently use M or increasingly 
MR, as countries adopt rubella vaccination. For SIAs, countries may 
target different ages, genders, and risk groups. In addition, while most 
countries perform national SIAs, the scope could focus on a specific 
sub-national area or risk group. We indicate that SIAs might also use 
a mixed strategy that may for example use one approach nationally 
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Figure 1: National measles and rubella routine immunization choices*.
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with additional vaccination of a specific risk group or use of a different 
vaccine or age range in some sub-national areas. 

Coverage represents an important factor for all immunization 
efforts. Achieving and maintaining levels of population or herd 
immunity sufficient to prevent transmission does not require 100% 
coverage, but national immunization efforts should target all susceptible 
individuals. Currently countries achieve very different levels of coverage 
with routine immunization [43] and SIAs, and the levels they achieve 
determine their national risks of transmission, outbreaks, and the need 
for more frequent and/or additional efforts. 

Figure 3 shows the various global control and eradication options 
for measles and rubella. The choices range from uncoordinated control 
at the bottom to coordinated control of measles and/or rubella, to 
eradication (i.e., global elimination) of measles and/or rubella. We 
represent the option of uncoordinated control at the bottom of figure 
3 for completeness, although we anticipate that WHO member states 
will continue to find coordinated control of measles at some level in 
their collective interest given prior global goals [17,19,20]. With many 
countries currently yet to introduce rubella-containing vaccine, we 
characterize the current situation as globally-coordinated control of 
measles (i.e., all countries include an MCV in their routine schedule) 
and uncoordinated control of rubella. As discussed above, the goal of 
95% reduced mortality compared to year 2000 levels by 2015 represents 
the current global goal for measles, and Figure 3 depicts the options of 
other targets and/or target dates for measles and options for regional 
elimination goals. Figure 3 also includes potential options for rubella 
regional elimination goals and CRS reduction targets as example 

strategies, and we include the possibility of mixed control goals that 
include both regional elimination targets combined with mortality or 
CRS reduction targets. 

With 5 of 6 WHO regions pursuing existing measles elimination 
goals and the remaining region making increasingly more aggressive 
efforts to control measles, inclusion of an eradication goal represents 
a logical progression, and consequently the top three branches of the 
tree include eradication of measles or rubella or both. For eradication 
of either measles or rubella, Figure 3 indicates some options for target 
dates expressed in years, but we emphasize the possibility of essentially 
any future date as an option. Finally, the top branch of the tree in Figure 
3 indicates the goal of eradication of both measles and rubella, with 
potential synchronization options for the target date identified. With 
no synchronization, we assume a target of eradication of both measles 
and rubella with no target date for either. With a single target date, we 
assume pursuit of the goal toward one date for both diseases, although 
achievement of the goal may occur earlier for either. For different 
target dates, Figure 3 depicts the choice of which disease to target first, 
the target dates for the first in years, and the target for the second in 
terms of the number of years after the first target date. Notably, the 
member state(s) and regions that pursue(s) the least ambitious goals 
will ultimately determine the globally-coordinated minimum, although 
any individual country can strive to achieve beyond the minimum [35].

Table 1 uses the information from Figure 3 and input from 
stakeholders to identify a representative set of current expected and 
alternative paths for a time horizon of 2013 to 2053 with respect to the 
global management of measles and rubella. Forecasting the expected 
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Figure 2: National measles and rubella supplemental immunization activity (SIA) choices.
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path into the future introduces uncertainty, and Table 1 spans a 
wide range of possible paths ranging from uncoordinated control to 
aggressive eradication, although the limited set shown in the table 
captures only a few of the infinitely many potential paths that exist. Prior 
economic analyses for measles explored the cost-effectiveness of going 
from the baseline option of 90% reduced mortality compared to year 
2000 by 2010 to the options of: (1) 95% reduced mortality compared to 
year 2000 by 2015, (2) 98% reduced mortality compared to year 2000 
by 2020, and (3) measles eradication by 2020 for the time horizon of 
2010 to 2050 [44,45]. Consistent with the Global Vaccine Action Plan 

vision of extending the full benefits of vaccines to all populations by 
2020, Table 1 includes an option that achieves aggressive goals by 2015 
and results in elimination of measles and rubella in 5 WHO regions 
by 2020 [46]. As suggested by Table 1, adding simultaneous goals for 
rubella increases complexity. Immunization efforts for measles and 
rubella become even more complicated in the context of consideration 
of other ongoing disease eradication efforts, notably the Global Polio 
Eradication Initiative (GPEI), for which measles and rubella efforts may 
compete for and possibly share resources. Thus, while Table 1 presents 
the measles and rubella options in the context of a specific timeline, 
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Figure 3: Global measles and rubella management options.

Path Measles Rubella 

Current expected Achieve 95% reduced mortality by 2020 and existing national 
and regional goals 5 years later than target date then maintain 

Introduce at least one dose in 75% or more of countries yet to introduce 
RCV by 2020 and achieve existing national and regional goals 5 years 
later than target date

Achieve existing goals on time 
Achieve 95% reduced mortality by 2015 and existing national 
and regional goals (eliminate in 4 regions by 2015, 5 regions 
by 2020)

Introduce at least one dose in 75% or more of countries yet to introduce 
RCV by 2018 and achieve existing national and regional goals 
(eliminate in 2 regions by 2015)

Achieve GVAP goals [46] 
Achieve 95% reduced mortality and elimination in at least four 
WHO regions by 2015, and eliminate measles in at least 5 
WHO regions by 2020 then maintain 

Eliminate rubella in at least two WHO regions by 2015 and in at least 5 
WHO regions by 2020 then maintain

Accelerated eradication Achieve 95% reduced mortality by 2015 and eradication by 
2020 then maintain Eradicate rubella by 2020 then maintain

Delayed eradication Achieve 95% reduced mortality by 2020 and eradication by 
2030 then maintain Eradicate rubella by 2035 then maintain

Eradicate through routine 
immunization 

Achieve 95% reduced mortality by 2030 and eradication by 
2040 then maintain Eradicate rubella by 2040 then maintain

Control Coordinated control associated with continued use of MCVs in 
all countries

Uncoordinated control associated with one or more countries not 
choosing to use a RCV

Uncoordinated Uncoordinated control associated with continued use of MCVs 
in all countries

Uncoordinated control associated with one or more countries not 
choosing to use a RCV

Table 1: Range of minimum global immunization options for measles and rubella.
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we could alternatively pick the starting year as the uncertain year of 
achieving polio eradication or achieving a specified milestone towards 
polio eradication and start the clock from that point in time. 

For the current expected path, we reflect our assessment that 
currently we are not on track to achieve the existing national and regional 
elimination goals for 2015. However, we include the existing goals as 
one path with the recognition that with some work and investment, 
opportunities to get back on track exist. With respect to rubella, we 
consider the current GAVI Alliance funding opportunity and the 
addition of rubella to the vaccine schedules of 48 of the 63 countries 
yet to introduce rubella (75%) by 2018 (as an aspiration) or by 2020 (as 
the current expectation). Thus, as countries take advantage of the GAVI 
Alliance support for introducing RCVs and recommending a measles 
second dose (MCV2) over the next several years, the current minimum 
global vaccine of a single M dose will move toward a minimum of MR-
MR or MR-M. We recognize the significant challenges that we face with 
respect to achieving the current goals and that no global commitment 
exists, so we consider both control and eradication options. 

Similar to an analysis of global polio options [35], the global strategy 
depends on the WHO member states that commit to the least ambitious 
goal. Thus, although any country or region can always do more than the 
minimum, achieving a regional elimination or global eradication goal 
requires coordination and cooperation. 

Discussion
Progress toward the reduced mortality goals demonstrates the 

ability to achieve global goals for measles, and PAHO demonstrated 
the technical feasibility of sustained regional elimination of measles 
and rubella. Despite these achievements that demonstrate successful 
collaboration toward ambitious goals, the future path remains a subject 
of discussion. 

In the context of discussions with stakeholders about the content for 
inclusion in investment cases [33], we received diverse opinions about 
how to best characterize the current expected path and alternative 
paths for measles and rubella. Notably, several people raised concerns 
about the sustainability of reduced mortality gains, particularly given 
the resurgence that occurred in Africa, and they highlighted the need 
to continue to move forward. Without continued progress toward goals, 
measles and rubella control efforts may lose ground and go back toward 
widespread endemic transmission. For example, one stakeholder 
suggested that the “expected status quo would be persistent outbreaks 
in Western Europe, increasing susceptibility in North America due 
to vaccine refusal, and ongoing outbreaks in Africa and India”, while 
alternative paths include “regression i.e., the Americas cannot maintain 
elimination in the face of persistent imports or very concerted efforts to 
reduce cases in Africa/Europe/India”. Others stakeholders questioned 
the feasibility of eradication goals given the lack of optimal measles 
control now, the current lack of use of RCVs in many countries, and the 
fragmented and incomplete existing goals in different regions. These 
stakeholders emphasized that inappropriate pursuit of an eradication 
goal might undermine the credibility of disease control efforts, divert 
attention and resources from other priority areas, and distract from the 
strengthening of health systems and routine immunization services. 
In addition, issues related to inadequate surveillance and the current 
dependence of the measles and rubella lab network on the polio 
infrastructure and resources led some stakeholders to raise questions 
about long-term financing for valuable surveillance information.

The current situation of delayed polio eradication complicates 

discussions about the eradication of other diseases, with some 
stakeholders indicating that consideration of measles or rubella 
eradication would need to wait until after the completion of polio 
eradication, although all stakeholders expressed general agreement 
that for vaccine-preventable diseases like measles and rubella global 
efforts should ultimately move toward complete prevention. The 
path of pursuing reduced mortality goals appears to benefit from 
broad support, with some stakeholders suggesting that such a path 
might ultimately result in eradication without the establishment of an 
eradication goal. Several stakeholders also raised concerns about use 
of the term eradication due to perceptions of negative effect associated 
with the delays and high costs of the GPEI. Stakeholders also suggested 
the need to consider the effect of the potential success or failure of the 
GPEI on global measles and rubella initiative efforts, because after 2013 
the GPEI success or donor fatigue may diminish support for campaigns 
and surveillance supported by the GPEI, particularly in the most 
challenging areas, and donor support for EPI may also change. 

Multiple stakeholders raised issues about the significant challenges 
that exist with respect to dealing with weak routine immunization 
services in many countries and the consequent need for reliance 
on SIAs. They noted that outbreaks indicate both poor routine 
immunization and sub-optimal quality of SIAs, and suggested the 
importance of learning lessons from polio elimination in India about 
surveillance, and engaging social mobilizers, laboratory and health 
workers and volunteers to achieve national goals. While the GAVI 
Alliance and other stakeholders continue to support efforts aimed 
at strengthening routine immunization in low- and middle-income 
countries, ultimately every WHO member state will need to accept and 
maintain responsibility for providing high immunization coverage to 
all people living within its borders, including migrants. Stakeholders 
also highlighted the challenges associated with maintaining success 
and negotiating additional commitments to achieve further goals 
(i.e., yet more ambitious reduced mortality or elimination goals) as 
measles disappears and other problems appear more threatening. The 
perceptions and social norms associated with vaccination clearly matter 
nationally and regionally, and the fact that these differ significantly for 
various regions impacts global efforts (e.g., social norms in PAHO differ 
considerably from those in the African Region). Some stakeholders 
also identified communication issues as an important concern for all 
paths. They noted significant refusal or vaccine hesitancy among some 
communities and suggested the need to develop strategies to sustain 
political will, social stability, and cooperation with civil society partners, 
particularly in the most difficult areas. 

With respect to synchronization, stakeholders suggested that 
measles and rubella elimination should occur together, because the 
wide age range MR catch-up campaigns for rubella will benefit measles 
elimination. In addition, many countries may not worry much about 
rubella due to its low visibility, even though its elimination may occur 
more easily than measles given its relatively lower infectiousness than 
measles and the high effectiveness of rubella vaccine. Stakeholders also 
urged further evaluation of the feasibility of rubella eradication and the 
relative timing of concurrent vs. staggered goals for measles and rubella 
and suggested that the risk of failure for rubella eradication might 
exceed that for measles due to increased CRS burden.

Some stakeholders expressed frustration about the lack of clarity 
about long-term goals and commitments by other stakeholders and 
potential funders, which underscores the need for clearly defining roles 
and responsibilities. They also identified the need for realistic, long-term 
estimates of costs for all of the potential paths. The lack of sustained 
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political commitment and leadership also leads to mixed messages 
within and among stakeholder organizations and in communication 
with the media and the public, and several stakeholders indicated 
the need for ongoing education and engagement with a wide range of 
communities at all levels. 

Financial risks pose a significant, on-going threat to all globally-
coordinated disease control or eradication efforts [41,47]. Funding 
shortfalls and a focus on fire fighting instead of prevention lead to 
non-optimal decisions (e.g., delaying SIAs such that outbreaks occur 
that require even more costly outbreak response campaigns) [48]. 
Stakeholders emphasized the need to develop realistic expectations and 
cost estimates that account for uncertainties instead of overly optimistic 
simplistic estimates that ultimately get viewed as disappointing false 
promises. 

For all of the paths, vaccine supply issues, including the need to 
ensure adequate amounts to meet all routine immunization and 
campaign needs, will continue to require coordination. The creation of 
a stockpile using rotating stocks may offer an important opportunity 
to improve the stability of supplies. Significant uncertainty exists about 
the future, but by identifying and analyzing the options we hope that 
stakeholders can negotiate the best possible path, develop the resources 
required to achieve it, and better manage expectations for all.

 Acknowledgment

Dr. Thompson acknowledges support for this work from the World Health 
Organization (WHO) under Contract PO 200470477 APW. The contents of this 
article are solely the responsibility of the authors and do not represent the official 
views of the World Health Organization or the U.S. Centers for Disease Control 
and Prevention. We thank the following individuals for helpful information and/or 
discussions: Anindya Sekhar Bose, Casey Boudreau, Daniel Carter, Katie Cuming, 
Thomas Cherian, Susan Chu, Messeret Eshetu, Andrea Gay, Tracey Goodman, 
Jim Goodson, Christopher Gregory, Mark Grabowsky, L. Homero Hernandez, 
Edward Hoekstra, Joseph Icenogle, Suresh Jadavh, Sam Katz, Apoorva Mallya, 
Rebecca Martin, Balcha Masresha, Ali Jaffar Mohamed, Chris Morry, Walter A 
Orenstein, Mark Pallansch, Kuotong Nongho Rogers (Tambie), Paul Rota, Emily 
Simons, Maya van den Ent, Maya Vijayaraghavan, Steve Wassilak, Wang Xiaojun, 
Laura Zimmerman, and anonymous respondents.

References

1. Strebel PM, Papania MJ, Dayan GH (2008) Measles vaccine. Chapter 18 In: 
Plotkin SA, Orenstein WA, Offit PA, editors. Vaccines. (5thedn), Philadelphia: 
Saunders Elsevier, 353-398.

2. Plotkin SA (2001) Rubella eradication. Vaccine 19: 3311-3319.

3. Reef SE, Redd SB, Abernathy E, Kutty P, Icenogle JP (2011) Evidence used 
to support the achievement and maintenance of elimination of rubella and 
congenital rubella syndrome in the United States. J Infect Dis 204: S593-S597.

4. Hinman AR, Eddins DL, Kirby CD, Orenstein WA, Bernier RH, et al. (1982) 
Progress in measles elimination. JAMA 247: 1592-1595.

5. Hinman AR, Orenstein WA, Bloch AB, Bart KJ, Eddins DL, et al. (1983) Impact 
of measles in the United States. Rev Infect Dis 15: 439-444.

6. Orenstein WA, Papania MJ, Wharton ME (2004) Measles elimination in the 
United States. J Infect Dis 189: S1-S3.

7. Orenstein WA (2006) The role of measles elimination in development of a 
national immunization program. Pediatr Infect Dis J 25: 1093-1101.

8. Katz SL, Hinman AR (2004) Summary and conclusions: measles elimination 
meeting, 16-17 March 2000. J Infect Dis 189: S43-S47.

9. Kejak K, Chan C, Hayden G, Henderson RH (1988) Expanded programme on 
immunization. World Health Stat Q 41: 59-63.

10. Centers for Disease Control and Prevention (2004) Progress toward measles 
elimination --- region of the Americas, 2002-2003. MMWR Morb Mortal Wkly 
Rep 53: 304-306.

11. Centers for Disease Control and Prevention (2008) Progress toward elimination 

of rubella and congenital rubella syndrome–the Americas, 2003-2008. MMWR 
Morb Mortal Wkly Rep 57: 1176-1179.

12. Andrus JK, de Quadros CA, Solórzano CC, Periago MR, Henderson DA (2011) 
Measles and rubella eradication in the Americas. Vaccine 29: D91-D96.

13. WHO (2012) Global measles and rubella strategic plan. 2012-2020. 

14. Sugerman DE, Barskey AE, Delea MG, Ortega-Sanchez IR, Bi D, et al. (2010) 
Measles outbreak in a highly vaccinated population, San Diego, 2008: role of 
the intentionally undervaccinated. Pediatrics 125: 747-755.

15. Centers for Disease Control and Prevention (2011) Measles: United States, 
January--May 20, 2011. MMWR Morb Mortal Wkly Rep 60: 666-668.

16. Coleman MS, Garbat-Welch L, Burke H, Weinberg M, Humbaugh K, et al. 
(2012) Direct costs of a single case of refugee-imported measles in Kentucky. 
Vaccine 30: 317-321.

17. World Health Organization (2003) World Health Assembly Resolution WHA 
52.20. Reducing global measles mortality. 

18. Wolfson LJ, Strebel PM, Gacic-Dobo M, Hoekstra EJ, McFarland JW, et al. 
(2007) Has the 2005 measles mortality reduction goal been achieved? A 
natural history modeling study. Lancet 369: 191-200.

19. World Health Organization (2008) World Health Assembly Resolution WHA 
61.15. Global immunization strategy.

20. World Health Organization (2010) World Health Assembly Resolution WHA 
63.18. Global eradication of measles. 

21. Simons E, Ferrari M, Fricks J, Wannemuehler K, Anand A, et al. (2012) 
Assessment of the 2010 global measles mortality reduction goal: results from a 
model of surveillance data. Lancet 379: 2173-2178.

22. United Nations (2009) The millennium development report 2009. 

23. Van den Ent MM, Brown DW, Hoekstra EJ, Christie A, Cochi SL (2011) Measles 
mortality reduction contributes substantially to reduction of all cause mortality 
among children less than five years of age, 1990-2008. J Infect Dis 204: 
S18-S27.

24. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, et al. (2010) Global, 
regional, and national causes of child mortality in 2008: a systematic analysis. 
Lancet 375: 101-102.

25. Liu L, Johnson HL, Cousens S, Perin J, Scott S, et al. (2012) Global, regional, 
and national causes of child mortality: an updated systematic analysis for 2010 
with time trends since 2000. Lancet 379: 2151-2161.

26. World Health Organization (2011) Rubella vaccines: WHO position paper. Wkly 
Epidemiol Rec 86: 301-316.

27. GAVI Alliance (2012) Measles-rubella vaccines frequently asked questions 
June 2012. 

28. GAVI Alliance (2012) GAVI boosts global response to measles outbreaks. 

29. Morley D (1969) Severe measles in the tropics. II. Br Med J 1: 363-365.

30. Hinman AR, Brandling-Bennett AD, Nieberg PI (1979) The opportunity and 
obligation to eliminate measles from the United States. JAMA 242: 1157-1162.

31. Hinman A, Hersh B, de Quadros C (1998) Rational use of rubella vaccine for 
prevention of congenital rubella syndrome in the Americas. Rev Panam Salud 
Publica 4: 156-160.

32. World Health Organization (2011) Proceedings of the global technical 
consultation to assess the feasibility of measles eradication, 28–30 July 2010. 
J Infect Dis 204: S4-S13.

33. Thompson KM, Duintjer Tebbens RJ (2013) Development of investment cases 
for globally-coordinated management of infectious diseases. 

34. Thompson KM, Pallansch MA, Duintjer Tebbens RJ (2012) Pre-eradication 
national vaccine policy options for poliovirus infection and disease control. Risk 
Analysis: In press.

35. Thompson KM, Duintjer Tebbens RJ (2012) Current polio global eradication 
and control policy options: perspectives from modeling and prerequisites for 
oral poliovirus vaccine cessation. Expert Rev Vaccines 11: 449-459.

36. Sangrujee NK, Duintjer Tebbens RJ, Cáceres VM, Thompson KM (2003) 
Policy decision options during the first five years following certification of polio 
eradication. Medscape General Medicine 5(4). 

http://www.ncbi.nlm.nih.gov/pubmed/11348695
http://www.ncbi.nlm.nih.gov/pubmed/21954252
http://www.ncbi.nlm.nih.gov/pubmed/21954252
http://www.ncbi.nlm.nih.gov/pubmed/21954252
http://www.ncbi.nlm.nih.gov/pubmed/7062463
http://www.ncbi.nlm.nih.gov/pubmed/7062463
http://www.ncbi.nlm.nih.gov/pubmed/6878996
http://www.ncbi.nlm.nih.gov/pubmed/6878996
http://www.ncbi.nlm.nih.gov/pubmed/15106120
http://www.ncbi.nlm.nih.gov/pubmed/15106120
http://www.ncbi.nlm.nih.gov/pubmed/17133153
http://www.ncbi.nlm.nih.gov/pubmed/17133153
http://www.ncbi.nlm.nih.gov/pubmed/15106088
http://www.ncbi.nlm.nih.gov/pubmed/15106088
http://www.ncbi.nlm.nih.gov/pubmed/3176515
http://www.ncbi.nlm.nih.gov/pubmed/3176515
http://www.ncbi.nlm.nih.gov/pubmed/15085074
http://www.ncbi.nlm.nih.gov/pubmed/15085074
http://www.ncbi.nlm.nih.gov/pubmed/15085074
http://www.ncbi.nlm.nih.gov/pubmed/18971920
http://www.ncbi.nlm.nih.gov/pubmed/18971920
http://www.ncbi.nlm.nih.gov/pubmed/18971920
http://www.ncbi.nlm.nih.gov/pubmed/22185837
http://www.ncbi.nlm.nih.gov/pubmed/22185837
http://www.ncbi.nlm.nih.gov/pubmed/20308208
http://www.ncbi.nlm.nih.gov/pubmed/20308208
http://www.ncbi.nlm.nih.gov/pubmed/20308208
http://www.ncbi.nlm.nih.gov/pubmed/21617634
http://www.ncbi.nlm.nih.gov/pubmed/21617634
http://www.ncbi.nlm.nih.gov/pubmed/22085555
http://www.ncbi.nlm.nih.gov/pubmed/22085555
http://www.ncbi.nlm.nih.gov/pubmed/22085555
http://www.ncbi.nlm.nih.gov/pubmed/17240285
http://www.ncbi.nlm.nih.gov/pubmed/17240285
http://www.ncbi.nlm.nih.gov/pubmed/17240285
http://www.ncbi.nlm.nih.gov/pubmed/22534001
http://www.ncbi.nlm.nih.gov/pubmed/22534001
http://www.ncbi.nlm.nih.gov/pubmed/22534001
http://mdgs.un.org/unsd/mdg/Resources/Static/Products/Progress2009/MDG_Report_2009_En.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21666160
http://www.ncbi.nlm.nih.gov/pubmed/21666160
http://www.ncbi.nlm.nih.gov/pubmed/21666160
http://www.ncbi.nlm.nih.gov/pubmed/21666160
http://www.ncbi.nlm.nih.gov/pubmed/20466419
http://www.ncbi.nlm.nih.gov/pubmed/20466419
http://www.ncbi.nlm.nih.gov/pubmed/20466419
http://www.ncbi.nlm.nih.gov/pubmed/22579125
http://www.ncbi.nlm.nih.gov/pubmed/22579125
http://www.ncbi.nlm.nih.gov/pubmed/22579125
http://www.ncbi.nlm.nih.gov/pubmed/21766537
http://www.ncbi.nlm.nih.gov/pubmed/21766537
http://www.gavialliance.org/library/gavi-documents/guidelines-and-forms/measles-rubella-vaccines-faqs/
http://www.gavialliance.org/library/gavi-documents/guidelines-and-forms/measles-rubella-vaccines-faqs/
http://www.gavialliance.org/library/news/press-releases/2012/gavi-boosts-global-response-to-measles-outbreaks/
http://www.ncbi.nlm.nih.gov/pubmed/4387546
http://www.ncbi.nlm.nih.gov/pubmed/470069
http://www.ncbi.nlm.nih.gov/pubmed/470069
http://www.ncbi.nlm.nih.gov/pubmed/9796387
http://www.ncbi.nlm.nih.gov/pubmed/9796387
http://www.ncbi.nlm.nih.gov/pubmed/9796387
http://www.ncbi.nlm.nih.gov/pubmed/21666191
http://www.ncbi.nlm.nih.gov/pubmed/21666191
http://www.ncbi.nlm.nih.gov/pubmed/21666191
http://www.ncbi.nlm.nih.gov/pubmed/22551030
http://www.ncbi.nlm.nih.gov/pubmed/22551030
http://www.ncbi.nlm.nih.gov/pubmed/22551030


Citation: Thompson KM, Dabbagh A, Strebel PM, Perry R, Gacic-Dobo M, et al. (2012) National and Global Options for Managing the Risks of 
Measles and Rubella. J Vaccines Vaccin 3:165. doi:10.4172/2157-7560.1000165

Page 8 of 8

Volume 3 • Issue 8 • 1000165
J Vaccines Vaccin
ISSN:2157-7560 JVV an open access journal

37. Koplan JP, Preblud SR (1982) A benefit-cost analysis of mumps vaccine. Am J 
Dis Child 136: 362-364.

38. Plotkin SA, Rubin (2008) Mumps vaccine. Chapter 20 In: Plotkin SA, Orenstein 
WA, Offit PA, editors. Vaccines. (5thedn), Philadelphia: Saunders Elsevier 435-
465.

39. Ueda K, Miyazaki C, Hidaka Y, Okada K, Kusuhara K, et al. (1995) Aseptic 
meningitis caused by measles-mumps-rubella vaccine in Japan. Lancet 346: 
701-702.

40. World Health Organization (2012) WHO Vaccine preventable diseases 
monitoring system.

41. Thompson KM, Duintjer Tebbens RJ (2011) Challenges related to the economic 
evaluation of the direct and indirect benefits and the costs of disease elimination 
and eradication efforts. Chapter 9 in Cochi SL and Dowdle WR (eds), Disease 
Eradication in the 21st Century: Implications for Global Health. Cambridge, MA: 
MIT Press.

42. World Health Organization (2009) Measles vaccines: WHO position paper. 
Wkly Epidemiol Rec 84: 349-360.

43. Burton A, Monasch R, Lautenbach B, Gacic-Dobo M, Neill M, et al. (2009) WHO 
and UNICEF estimates of national infant immunization coverage: methods and 
processes. Bull World Health Organ 87: 535-541.

44. Levin A, Burgess C, Garrison LP Jr, Bauch C, Babigumira J, et al. (2011) Global 
eradication of measles: an epidemiologic and economic evaluation. J Infect Dis 
204: S98-S106.

45. Bishai D, Johns B, Lefevre A, Nair D, Simons E, et al. (2012) Measles 
eradication versus measles control: An economic analysis. J Vaccines Vaccin 
S3:002.

46. World Health Organization (2012) Global Vaccine Action Plan. 

47. Thompson KM, Rabinovich R, Conteh L (2011) Developing an Eradication 
Investment Case. Chapter 10 in Cochi SL and Dowdle WR (eds). Disease 
Eradication in the 21st Century: Implications for Global Health. Cambridge, 
MA: MIT Press.

48. Thompson KM, Pallansch MA, Duintjer Tebbens RJ, Wassilak SGF, Cochi SL 
(2012) Modeling population immunity to support efforts to end the transmission 
of live polioviruses. Risk Anal.

http://www.ncbi.nlm.nih.gov/pubmed/6803581
http://www.ncbi.nlm.nih.gov/pubmed/6803581
http://www.ncbi.nlm.nih.gov/pubmed/7658837
http://www.ncbi.nlm.nih.gov/pubmed/7658837
http://www.ncbi.nlm.nih.gov/pubmed/7658837
http://www.ncbi.nlm.nih.gov/pubmed/19714924
http://www.ncbi.nlm.nih.gov/pubmed/19714924
http://www.ncbi.nlm.nih.gov/pubmed/19649368
http://www.ncbi.nlm.nih.gov/pubmed/19649368
http://www.ncbi.nlm.nih.gov/pubmed/19649368
http://www.ncbi.nlm.nih.gov/pubmed/21666220
http://www.ncbi.nlm.nih.gov/pubmed/21666220
http://www.ncbi.nlm.nih.gov/pubmed/21666220
http://www.ncbi.nlm.nih.gov/pubmed/22985171
http://www.ncbi.nlm.nih.gov/pubmed/22985171
http://www.ncbi.nlm.nih.gov/pubmed/22985171

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Results
	Discussion
	Acknowledgment
	Figure 1
	Figure 2
	Figure 3
	Table 1
	References

