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ABSTRACT_ o ) ) o ARTICLE HISTORY
Introduction: Measles, mumps, and rubella incidence decreased drastically following vaccination Received 3 November 2020

programs’ implementation. However, measles and mumps’ resurgence was recently reported, outbreaks Accepted 6 May 2021
still occur, and challenges remain to control these diseases.

Areas covered: This qualitative narrative review provides an objective appraisal of the literature
regarding current challenges in controlling measles, mumps, rubella infections, and interventions to measles; MMR vaccine: MMR
address them. uptake; mumps; prevention;
Expert opinion: While vaccines against measles, mumps, and rubella (including trivalent vaccines) are protection; rubella; vaccine
widely used and effective, challenges to control these diseases are mainly related to insufficient effectiveness
immunization coverage and changing vaccination needs owing to new global environment (e.g.

traveling, migration, population density). By understanding disease transmission peculiarities by setting,

initiatives are needed to optimize vaccination policies and increase vaccination coverage, which was

further negatively impacted by COVID-19 pandemic. Also, awareness of the potential severity of

infections and the role of vaccines should increase. Reminder systems, vaccination of disadvantaged,

high-risk and difficult-to-reach populations, accessibility of vaccination, healthcare infrastructure, and

vaccination services management should improve. Outbreak preparedness should be strengthened,

including implementation of high-quality surveillance systems to monitor epidemiology. While the

main focus should be on these public health initiatives to increase vaccination coverage, slightly

more benefits could come from evolution of current vaccines.

KEYWORDS
Coverage; elimination;

PLAIN LANGUAGE SUMMARY
What is the context?

® Measles, mumps, and rubella are highly contagious diseases associated with significant medical and
societal burden. Effective vaccines against these diseases are available, and the implementation of
vaccination programs drastically reduced disease incidence globally. However, reports of measles
and mumps outbreaks in the last few years highlight remaining challenges to eliminate these
diseases.

What does the review highlight?

® We conducted a literature review to identify challenges associated with controlling measles, mumps,
and rubella infections, and interventions needed to address them. We identified 11 challenges mainly
related to low immunization coverage and vaccine characteristics. Societal challenges could be
addressed by increasing awareness of disease severity and vaccines impact, targeting high-risk,
unvaccinated, and under-vaccinated populations, improving vaccination access, setting up clear
outbreak preparedness plans, and implementing country-specific vaccination policies. System weak-
nesses could be addressed through improving vaccination services and health infrastructure, imple-
menting high-quality surveillance, patient invite, and reminder systems, ensuring vaccine
implementation and long-term supply. Interventions related to vaccine characteristic challenges
could include adaptation of vaccination schedules (shorter interval between doses, administration
of a third dose) and development of vaccines against emerging strains.

What is the take-home message?

® Policymakers should support the following strategies to increase vaccination coverage and reach
elimination of measles, mumps, and rubella: strengthening health systems and vaccination access;
raising awareness of disease severity and vaccination impact; limiting disease propagation owing to
global changing environment and population dynamics (traveling, migration); improving surveillance
systems to rapidly address the immunity gaps against disease resurgence.
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Article highlights

e Many challenges remain in controlling measles, mumps, and rubella
infections despite the availability of effective vaccines.

¢ These challenges vary considerably between regions and can be related
to societal factors, system weaknesses, or vaccine characteristics.

¢ Interventions to address societal challenges include increasing aware-
ness of the potential severity of measles, mumps and rubella, and the
role of vaccination, building strategies to target high-risk, unvacci-
nated and under-vaccinated populations, improving access to vacci-
nation, prioritizing outbreak preparedness, and developing clear
vaccination policies.

¢ Interventions to address system weaknesses include improving the
provision of vaccination services and health infrastructures, imple-
menting high-quality surveillance and reminder systems, and devel-
oping clear action plans for vaccine implementation and long-term
supply.

e Measures to address the challenges related to vaccine characteristics
include, first, the possibility to adapt vaccination schedules to make
current vaccines more effective (shorter interval between vaccine doses,
administration of a third dose for waning mumps efficacy); then, if
needed, the development of new vaccines to target emerging strains.

1. Introduction

Measles, mumps, and rubella (M, M, and R) are highly con-
tagious viral infections causing a significant burden on the
affected individuals and on healthcare systems. Measles is
one of the most infectious human diseases, which can cause
serious illness, lifelong complications, and death [1,2].
Although mortality for mumps is less than that for measles,
it may result in complications such as orchitis, meningitis,
encephalitis, and deafness [3,4]. Rubella infections cause
a relatively mild disease for children, but infections in
women during early pregnancy can affect the fetus, resulting
in miscarriage, fetal death, or congenital rubella syndrome [1].

In 2012, the World Health Assembly endorsed the Global
Vaccine Action Plan, with the objective of eliminating measles,
rubella, and congenital rubella syndrome in at least five of the
six World Health Organization (WHO) regions by 2020 [1,5]. All
WHO regions had measles elimination goals and two had
rubella elimination goals [6]. Between 2012 and 2020, the
measles and rubella diseases burden was reduced, but the
targets of the Global Vaccine Action Plan were not met [7].
Therefore, the measles and rubella strategic framework
2021-2030 was developed by the Measles & Rubella
Initiative within the umbrella of the Immunization Agenda
2030 structure with the objective of achieving a world without
measles and rubella by 2030 [7,8]. Since another goal of the
WHO is to achieve a high level of mumps control, the choice
of implementing combined live attenuated vaccines against
M, M, and R (MMR vaccines) in their national immunization
programs has been made in 121 countries worldwide [9-11].
The objective was and is to target simultaneously the three
diseases and to potentially increase vaccination coverage
through reductions in the number of visits and injections. Of
note, different single and combined vaccines targeting M, M,
and R are available [12,13].

The vaccination coverage rate needed to stop transmission
depends on the basic reproductive rate (Ry) of the infectious
agent [14] and on vaccine effectiveness. Since measles is the
most contagious of all vaccine-preventable transmitted

diseases (Ry of 12 to 18 [15,16]), immunization policies for
measles-containing vaccines are driven by the measles cover-
age rate needed to reach the community immunity level of
90% to 95% required to prevent outbreaks [10,17,18].
Sufficient coverage levels to provide community protection
are more easily obtained for mumps (R, of 4-7 [9]) and rubella
(Ro of 3-8 in Europe [19] and up to 12 in developing countries
[20]). Since 2017, the WHO and Gavi, the Vaccine Alliance,
have encouraged all countries to recommend a second dose
of measles-containing vaccine in their childhood national
immunization programs [21,22]. By the end of 2019, the inclu-
sion of a second dose of measles-containing vaccine as part of
routine immunization had been implemented in 178 coun-
tries, and 122 and 173 countries had introduced mumps and
rubella vaccination, respectively [23]. Between 2000 and 2019,
estimated coverage rates for the first dose of measles-
containing vaccine increased globally from 72% to 85% and
for the second dose from 18% to 71% [24].

Historically, after the implementation of vaccination pro-
grams, dramatic decreases in global annual incidence for M, M,
and R were observed [4,25-28]. However, a resurgence of
these diseases has recently occurred, especially for measles
and mumps, possibly as a result of the changing environment
and context [25-27,29-39]. For measles, the global annual
incidence decreased by 83% and the number of measles
deaths by 80% between 2000 and 2017 [25]. However, since
2017, measles incidence has increased [25,40,41], and large
outbreaks have been reported in several areas, including
European countries, in a wide range of contexts and due to
diverse causes [25,29-33,42]. Concerning the incidence of
mumps, decreases from 100 to 1,000 cases per 10,000 popula-
tion in the absence of immunization to <1 case per 100,000
population within 10 years after the introduction of immuni-
zation programs were observed in several countries [4,26,27].
However, mumps outbreaks still occur, especially in older
adolescents and young adults [26,27]. In contrast with measles
outbreaks which mostly occur in unvaccinated individuals [40],
mumps outbreaks were also reported in countries with high
vaccination coverage rates [3,34-39,43,44]. For rubella, the
number of reported cases has declined by 97% after the
introduction of the vaccination campaigns [28]. Whereas pre-
viously the primary goal of rubella vaccination was to prevent
congenital rubella syndrome cases by immunizing girls before
childbearing age, it is now considered that this can be more
easily reached through universal childhood vaccination, which
may eventually also eliminate rubella infections [28,45].

The foregoing sections highlight that efforts to eliminate M,
M, and R have not yielded the desired results, even in coun-
tries that implemented vaccination programs for M, M, and
R to reach the required coverage and diseases control. The
aim of this qualitative narrative review is to provide an objec-
tive appraisal of the literature regarding the current challenges
associated with controlling M, M, and R infections, and an
overview of the interventions needed to address them.
These challenges are even more important today considering
the negative impact of the COVID-19 pandemic on coverage
rates for several vaccines [46], including measles-containing
vaccines [47]. Considerations about strengths and limitations
of the currently available trivalent MMR vaccines will be also



EXPERT REVIEW OF VACCINES (&) 813

Plain Language Summary

What is the context?

* Measles, mumps, and rubella are highly contagious diseases associated with significant medical and

societal burden.

Effective vaccines against these diseases are available, and the implementation of vaccination
programs drastically reduced disease incidence globally.
However, reports of measles and mumps outbreaks in the last few years highlight remaining

challenges to eliminate these diseases.

What does the review highlight?

» Societal challenges could be addressed by

.

vaccines against emerging strains.

We conducted a literature review to identify challenges associated with controlling measles, mumps, ab
rubella infections, and interventions needed to address them.

We identified 11 challenges mainly related to low immunization coverage and vaccine characteristics:

L] increasing awareness of disease severity and vaccines impact,
= targeting high-risk, unvaccinated, and under-vaccinated populations,
- improving vaccination access,
= setting up clear outbreak preparedness plans,
L] implementing country-specific vaccination policies.
» System weaknesses could be addressed through
= improving vaccination services and health infrastructure,
= implementing high-quality surveillance, patient invite and reminder systems,

= ensuring vaccine implementation and long-term supply.
> Interventions related to vaccine characteristic challenges could include adaptation of vaccination
schedules (shorter interval between doses, administration of a third dose) and development of

/

What is the take-home message?

Policymakers should support the following strategies to increase vaccination coverage and reach

elimination of measles, mumps, and rubella:

* strengthening health systems and vaccination access;

\_ -

raising awareness of disease severity and vaccination impact;

limiting disease propagation owing to global changing environment and population dynamics
(traveling, migration);

improving surveillance systems to rapidly address the immunity gaps against disease resurgence. /

Figure 1. Plain Language Summary contextualizing the findings of this review.

discussed. In this review, the qualitative outcomes have been
grouped under challenges related to societal factors, system
weaknesses, and vaccine characteristics. A summary contex-
tualizing the outcomes of this review is displayed in the Plain
Language Summary (Figure 1) for the convenience of health-
care professionals.

2. Methods

This qualitative narrative review of the literature [48] consid-
ers studies where challenges related to MMR vaccination
coverage and vaccine characteristics were identified and
interventions to address them were proposed. Priority was
given to existing systematic reviews. Proposed interventions

could be aimed at people (e.g. caregivers of children eligible
for MMR vaccination) or at service providers (e.g. general
practices, community primary care teams). The language
was restricted to English. No restrictions on publication
date were applied, but focus was on recent literature (pub-
lished after 2005).

To ensure an objective review of the literature and
reduce bias, we first undertook a preliminary search to
identify published articles relevant to the field of interest.
Then, we defined the topics of discussion based on titles
and abstracts. The search was initiated in November 2019.
We searched PubMed/MEDLINE to identify articles using
either ‘'MMR,” ‘measles,” ‘'mumps,’ or ‘rubella’ in combination
with each of the following search terms: ‘vaccination,’
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‘challenge,’” ‘outbreak,” ‘control,’” ‘elimination,’ ‘eradication,’
‘coverage,” ‘early,’ ‘migrant,’ ‘healthcare worker,’ ‘traveler,’
‘surveillance,” ‘waning,” ‘genotype,’ ‘effectiveness,’ ‘manda-
tory,” ‘third dose,” ‘guidance,’ and ‘position.” On a second
reading, we collated the challenges and interventions into
11 topics, which were categorized into societal factors
(awareness on the value of vaccination, unvaccinated or
under-vaccinated individuals, access threats and constraints,
outbreak preparedness, and epidemiology), system weak-
nesses (vaccination infrastructure and management, surveil-
lance systems, and vaccine supply), and vaccine
characteristics (primary vaccination failure, secondary vacci-
nation failure, and vaccine strains and new genotypes)
(Figure 2). Of note, some important articles published
before 2005 and after November 2019 were included during
the development of the review even if these were not
identified during the literature search.

3. Challenges and interventions
3.1. Societal factors

3.1.1. Awareness on the value of vaccination

Measles outbreaks occur mostly in unvaccinated or under-
vaccinated individuals [40,50]. One of the explanations for
the resurgence of measles outbreaks in several countries
with available vaccination services is the increasing proportion
of individuals who are delaying or refusing vaccination for
themselves or their children. This phenomenon is known as
vaccine hesitancy according to the Strategic Advisory Group of
Experts (SAGE) [51,52], and is influenced by complacency,
convenience, and confidence [51-54]. In the case of M, M,
and R, the perception of the disease risks by the caregivers is
affected because severe complications have relatively disap-
peared out of the public attention as a consequence of the
successful vaccination programs in many regions [10,30,55].
Moreover, unsubstantiated concerns about the safety of the
combined MMR vaccines continue to cause vaccine hesitancy
and threaten community immunity in many countries, even
after the safety of this vaccine has been demonstrated
[9,12,55]. Although data on the effectiveness of interventions
to address vaccine hesitancy are limited [56,57], a systematic
review has shown that strategies should be multifactorial since
various reasons may cause resistance to immunization, should
include dialog-based approaches, and should be specific for
the target population and context [56].

In some countries, mandatory vaccination strategies were
undertaken in response to decreased vaccination coverage
and measles resurgence due to hesitancy and anti-
vaccination movement [58]. In Italy, where poor results were
observed with improved public immunization services and
communication campaigns, MMR vaccination was added to
the list of mandatory vaccines in 2017, and proof of vaccina-
tion is required to attend kindergarten, nurseries, and elemen-
tary or middle school [31,59]. Compulsory vaccination had
a positive impact on vaccine uptake, with a vaccination cover-
age for the first dose of MMR vaccine at 24 months of age
increasing from 87.3% in 2016 to 94.1% in 2018 [59]. As from

March 2020, mandatory measles vaccination has been imple-
mented in Germany for hospital personnel, children and tea-
chers in schools and nurseries, and community facilities
personnel [60]. In the United States (USA), the introduction
of compulsory vaccination is still under discussion, and the
decision to impose vaccination by school entry varies from
state to state [61]. In Australia, incentives are used, and par-
ents only receive financial benefits when their children are up
to date with their immunizations [62].

3.1.2. Unvaccinated or under-vaccinated individuals

The remaining pockets of unvaccinated or under-vaccinated
individuals, who may be responsible for outbreaks and trans-
mission, should be identified and targeted [40].

A first pocket of individuals potentially responsible for dis-
ease transmission are short-term travelers with incomplete or
unknown vaccination status who can be infected and import
the disease to their country of origin, as observed in Italy and
Costa Rica [40,63,64]. While community protection is impor-
tant for unvaccinated individuals and vaccinated individuals
who did not develop protective antibody levels, it does not
protect unvaccinated individuals when they are traveling to
regions where the diseases are endemic [40]. Therefore,
national health authorities should encourage people to
check their measles vaccination status before traveling abroad
to avoid importation of measles by returning travelers and
reduce the risk of outbreaks. Pre-travel health advice concern-
ing measles vaccination should be given by general practi-
tioners, especially for young adults [65]. Travel medicine
consultations should include measles immunization status
checks, and measles vaccination should be recommended
before traveling to endemic countries [66].

Unvaccinated or under-vaccinated migrants and refugees
may also play a role in disease transmission if they come from
countries affected by endemic infections since they can be
carriers in subclinical stages of the disease [67]. They usually
have lower immunization rates due to limited access to vacci-
nation in their country of origin [65,68,69]. Therefore, specific
guidance is needed, and catch-up vaccination should be pro-
posed for these vulnerable populations [68,70].

Unvaccinated or under-vaccinated healthcare workers (HCWs)
are another pocket of individuals with a high potential for trans-
mission, especially for measles infection as the estimated risk of
acquiring this disease is 2 to 19 times higher for susceptible
HCWs than for the general population [71-75]. Nosocomial
measles infection represents a risk for unvaccinated HCWs as
well as for vulnerable patient groups, especially those with com-
promised immunity [76]. Although vaccination of HCWs is impor-
tant to achieve measles elimination goals and to limit the spread
from healthcare settings to the community [73,74,77], vaccina-
tion coverage rates remain too low in this potentially exposed
population, especially among young HCWs [78-80]. While edu-
cational interventions, improved access to vaccination, and per-
sonal engagement were shown to be useful to increase vaccine
uptake [81], global recommendations and policies should be
established for the immunization of HCWs [71-74]. In some
countries (e.g. Finland and a few states in the USA), mandatory
vaccination has been implemented to increase the proportion of
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Figure 2. Summary of reported challenges related to the control of measles, mumps, and rubella infections and the most important interventions to address them
that are described in this publication [49].
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HCWSs who receive two doses of the MMR vaccine [73,79,82].
Strategies should also be established to assess immune status
during recruitment procedures (vaccination record and, if
needed, antibody screening), monitor vaccination coverage
rates, and exclude susceptible HCWs from high-risk settings
[78,801.

Pockets of unvaccinated individuals also persist in countries
with a high routine childhood vaccination coverage due to the
unawareness that some individuals could or should be vacci-
nated [40]. Measles may be transmitted by older individuals
who are still susceptible because of suboptimal vaccination
coverage in the past. This is especially important for 30- to 40-
year-old adults among whom the proportion of individuals
who are neither vaccinated nor naturally immune against
measles is higher than in other age groups. Since the admin-
istration of the second MMR vaccine dose has only been
implemented in immunization schedules in the 2000s,
a large proportion of compliant young adults have only
received one dose [10]. In European countries, catch-up vacci-
nation programs (vaccination of unvaccinated older children
and adults) have been recommended for individuals who did
not receive the first or second dose of the MMR vaccine, but
these were not efficiently conducted or accepted [10].

Individuals with contra-indications, such as specific immu-
nodeficiency diseases, or a history of confirmed anaphylactic
reaction to a previous vaccine dose or to a component of the
vaccine, and children born to a mother who received immu-
nosuppressive biological therapy during pregnancy constitute
other pockets of vulnerable unvaccinated individuals [4,21,83].
Even if MMR vaccines cannot be administered to severely
immunocompromised persons, human immunodeficiency
virus (HIV)-infected children with a CD4 T-cell count above
severe immunosuppression thresholds and asymptomatic HIV-
infected children could receive MMR vaccination according to
routine childhood schedules [84-86]. Two doses of measles-
containing vaccine administered at 6 and 12 months of age
were shown to be similarly safe and immunogenic in HIV-
unexposed and HIV-exposed, uninfected children [87].
However, HIV-infected children and adolescents may need
additional MMR vaccine doses to achieve sufficient levels of
immunity, especially if antiretroviral therapy has been inter-
rupted [88]. MMR vaccination may also be considered in
patients with other immune deficiencies for whom the bene-
fits of vaccination outweigh the risks, such as patients with
immunoglobulin G (IgG) subclass deficiencies, congenital neu-
tropenia, chronic granulomatous disease, and complement
deficiency diseases [86]. Of note, MMR vaccines should be
used cautiously in patients with significant immunologic dys-
functions, as a few cases of severe or even fatal vaccine strain
infections have been reported in this population [89-91].

3.1.3. Access threats and constraints

Military conflict, civil unrest, and political and economic crises
have been responsible for low vaccination coverage rates and
increased risks of outbreaks in many countries [32,92,93].

A recent review has shown that between 2010 and 2015,
39% of measles cases were reported in 16 conflict-affected
countries [92]. Moreover, according to estimates made by the
United Nations International Children’s Fund (UNICEF) in 2016,

about two-thirds of all unvaccinated children lived in conflict-
affected countries [94]. Conflicts cause several adverse effects
on health parameters, including disruption of immunization
supply chains and vaccine logistics (e.g. disruption of the cold
chain and vaccine delivery), destruction of health infrastruc-
ture, depletion of human resources, and forced migration of
communities to areas with limited access to immunization
services [92]. Civil unrest limiting vaccine delivery was also
identified as a major challenge in achieving rubella elimination
goal [28,95]. There are several strategies that may be used in
conflict-affected countries to increase vaccination coverage,
including the organization of vaccination campaigns (vaccina-
tion catch-up) and the use of outreach services (vaccination of
children in remote locations on scheduled dates known by the
communities) in collaboration with local communities and the
military or security personnel to guarantee a safe passage and
security for HCWs [92,94]. Such a post-conflict catch-up vacci-
nation campaign has been successfully conducted in the
Central African Republic [96]. Gavi, the Vaccine Alliance, has
requested that governments support the costs of civil society
organizations for the development of vaccine stockpiles for
humanitarian emergencies, the strengthening of healthcare
systems, and the improvement of the access and affordability
of vaccines in conflict-affected areas [92,97].

As social and military crises, public health crises of high
magnitude, such as the COVID-19 pandemic, have also the
potential to disrupt the delivery of basic healthcare and immu-
nization services, including routine vaccination campaigns.
Despite the WHO recommendations to maintain essential
health services during outbreaks [98], several countries have
recorded significant decreases in vaccination coverage due to
the COVID-19 pandemic, leading to increased risk for out-
breaks of several vaccine-preventable diseases [99,100].
Disparities in this decline in vaccination coverage were
observed, and low- to middle-income countries were particu-
larly affected [46]. The main factors contributing to this decline
included the fear of being exposed to the virus at healthcare
facilities, restrictions in terms of population movements, short-
age of HCWs, and overloaded healthcare systems [46]. Among
others, measles vaccination campaigns were paused or post-
poned in several countries to limit the propagation of COVID-
19 [47]. In these regions, it is particularly important to track
the children who did not receive measles-containing vaccines
and to ensure that they are immunized as quickly as possible
when the safety of communities and HCWs can be ensured.

In summary, the common goal of all interventions aimed at
restoring disrupted vaccination coverage due to the above-
mentioned reasons is to ensure that all communities and
individuals who were not vaccinated through routine immu-
nization services receive their vaccines. The organization of
supplementary immunization activities (SIAs; vaccination cam-
paigns during which the targeted populations are immunized
regardless of their vaccination history) and catch-up cam-
paigns, as well as the strengthening of outreach services are
major initiatives to reach this objective [1,25,101-104]. In 2017,
approximately 205 million doses of measles-containing vac-
cine were administered during 53 SIAs in 39 countries with
a low vaccination coverage rate and a high measles burden
[25,102]. Additional solutions to improve vaccination service



arrangements in low- to middle-income countries include
home Vvisits and inter- and intra-facility referral linkages,
which are particularly important when families move between
vaccinations [104].

3.1.4. Outbreak preparedness

Because measles is still endemic in many countries, its impor-
tation into measles-free areas can occur and new outbreaks
can happen if the level of population immunity is insufficient
[105]. In these settings, many susceptible persons are already
infected before an outbreak is recognized because of the very
high contagiousness of measles [105]. Immunization levels
that are sufficient to eliminate the transmission of measles
are particularly difficult to reach in densely populated areas
[106]. During outbreaks, infection prevention and control prac-
tices should be strengthened, infections among HCWs should
be prevented, and transmission in healthcare settings and
spread to vulnerable populations should be reduced [29,49].
The WHO recommends that all suspected measles cases be
reported to public health authorities, non-severe measles
cases be isolated at home, and patients with clinically sus-
pected measles or other clinical warning signs be admitted to
a treatment facility with isolation capacity [49]. Exposed HCWs,
patients, and visitors should be evaluated for evidence of
measles immunity and should receive post-exposure prophy-
laxis if necessary [49].

Another unsolved problem remains the prevention of
mumps outbreaks, which also happen in countries with high
vaccination coverage rates [3,34-39] and mainly involve ado-
lescents and young adults who were previously immunized
during childhood [107]. Mumps outbreaks in vaccinated popu-
lations may be caused by changes in the circulating strains,
which have different genotypes than those included in the
vaccine [107], but a major cause is the waning immunity after
vaccination due to low persistence of neutralizing antibodies
and poor B-cell memory [108]. In many countries, including
the USA, the administration of a third dose of MMR vaccine to
adolescents and adults is recommended during outbreaks to
increase anti-mumps antibody levels and avoid the propaga-
tion of mumps disease [36,109,110]. This intervention is useful
to control mumps outbreaks but the increases in anti-mumps
antibody levels induced by a third dose of MMR vaccine were
shown to be only transient [111,112].

Since both measles and mumps outbreaks are still impor-
tant public health concerns with heavy consequences on
elimination goals, other strategic interventions are needed to
reduce their impact. Preparedness plans, taking into account
the long timelines for the manufacturing and the release of
vaccines, should be established to reduce the risk of vaccine
shortage during outbreaks and the associated elevated level
of societal panic [113]. In preparedness plans, vaccination of all
HCWs and of populations who are at increased risk of con-
tracting the disease, such as adolescents and young adults
residing or working in institutions, should be considered
[7,26,40,105,49,107]. During outbreaks, policy-makers should
also consider a temporary revision of the national childhood
immunization schedule to include an early dose of the MMR
vaccine for infants from 6 months of age and shorten the
interval between doses [114-116]. Infants who receive an
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early dose of MMR vaccine should subsequently receive two
additional doses according to the recommended national
schedule to achieve long-term protection [21,114,117]. Early
MMR vaccination was shown to have a favorable safety profile
and to protect infants aged 6-14 months against measles
during an outbreak in the Netherlands [118].

3.1.5. Epidemiology

To achieve regional elimination goals for measles and rubella
and to reduce mumps outbreaks, effective and well-
organized surveillance systems are needed [6,9,119].
National vaccination programs should be adapted to the
epidemiological profile of the country, which can vary
depending on current and past immunization programs
(e.g. catch-up campaign following implementation) [40] and
on changes in natural immunity [103]. The time of adminis-
tration of the first and second dose of MMR vaccine may
differ between countries, and even within a country, accord-
ing to the population needs, and there is variation in the
literature on the optimal timing. According to the WHO,
vaccination against measles should be initiated at 9 months
of age in countries where incidence and mortality rates are
high in the first year of life, while it can be delayed until
12-15 months of age in countries where infections occur
later in life [21]. The age of first vaccination with a measles-
containing vaccine should be a compromise between provid-
ing protection to young infants and avoiding suboptimal
immunity due to interferences with maternal antibodies, i.e.
blunting [21,120]. Tailored interventions may also be needed
in low-income settings, where mortality and morbidity were
shown to decrease following administration of a first dose of
measles-containing vaccine at 18 weeks of age, in the pre-
sence of maternal antibodies [121,122].

3.2. System weaknesses

3.2.1. Vaccination infrastructure and management

The wide varying quality of vaccination services between and
within countries in terms of infrastructure and strengths is one
of the remaining challenges to achieve measles and rubella
elimination [6,119,123]. The main issues related to immuniza-
tion service arrangements in low- and middle-income coun-
tries include long travel and waiting times, lack of
transportation, limited opening hours of vaccination clinics,
unwelcoming healthcare environment, sessions not held as
planned, lack of commitment by some HCWs, and financial
costs of attending vaccination visits (loss of earnings through
time off work and travel costs) [1,5,104,124]. In particular,
people with limited resources living in rural/inaccessible
areas with a weak healthcare system constitute pockets of
unvaccinated individuals [5]. In high-income countries, restric-
tions in healthcare budget (e.g. prevention programs, pharma-
ceuticals, staff, and equipment) may induce increasing costs of
vaccination visits for patients and can also impact vaccination
coverage [41,124,125]. In Italy, reductions of the health budget
led to a drop in vaccine expenditure and a significant decrease
in MMR vaccination coverage, which most likely contributed
significantly to the resurgence of measles infections [41]. In
the United Kingdom, the declining healthcare workforce and
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increasing healthcare usage have resulted in restricted access
and the ability to make and keep vaccination appointments
[125]. In these countries, improvements are needed in terms of
number of appointments available for vaccination, in particu-
lar after-school appointments, and flexibility in time arrange-
ments [126,127].

Another issue in terms of vaccination management is the
unawareness of a proportion of children or their caregivers
that recommended vaccinations are due or overdue [128]. The
implementation of strategies to remind caregivers of upcom-
ing immunization for their children and to re-engage those
whose children are considered overdue for a vaccination (call-
recall systems) may increase MMR vaccine uptake in
a population by up to 5-20% [128-134]. While call-recall
systems are ideally suited to reach caregivers who may forget
appointments and encourage hesitant caregivers to vaccinate
their child, they are not easy to implement and present several
hurdles (e.g. inaccuracy of the recorded patient details and
immunization history, unavailability of financial and human
resources, patient factors) [128,134]. In some countries, such
as the United Kingdom, call-recall strategies are recom-
mended, but their implementation varies from one general
practice to the other, showing that clarifications are needed
on how to apply these systems in routine [135]. A good
strategy is to send an automatic initial invitation and subse-
quent reminder to caregivers of all children eligible for vacci-
nation, to spend more time to engage those who are more
hesitant and harder-to-reach, and to send reminders to care-
givers of children who missed vaccinations [134,136].
Therefore, the correct patient contact details should be col-
lected and the vaccination status of children should be
tracked [128,137]. Finally, initiatives including routine immuni-
zation with monetary incentives were shown to moderately
increase immunization rates in low- to middle-income coun-
tries [138].

Day care and school entry could also be used to check the
immunization status of children, and routine vaccines could be
administered during school hours to the identified unvacci-
nated children [139]. A previous review has shown that among
the 174 countries for which data were available, vaccines
against measles, mumps, and rubella were provided according
to a school-based approach in 41, 36, and 39 countries,
respectively [139]. Since school attendance is low in some
countries, mainly in poor and rural communities, this approach
should be complemented by other activities to reach out-of-
school children. In high-income countries, factors influencing
the successful implementation of school-based immunization
activities included program leadership and governance, orga-
nizational models, workforce capacity, and roles (school
nurse), communication with caregivers and students, and
clinic organization and delivery [140].

3.2.2. Surveillance systems

While surveillance systems belong to the vaccination manage-
ment, a separate section was added to discuss this important
challenge. Indeed, the lack of an appropriate surveillance
system can impede measles and rubella elimination [141].
A recent review has identified several challenges related to
the determination of vaccination coverage rates (e.g.

inaccurate estimates of the target population and number of
doses received) and numbers of susceptible people (account-
ing for immunity from vaccination, natural infection, and pas-
sively acquired maternal antibodies) [103]. One solution could
be to use geospatial statistical modeling of data from high-
quality surveys to monitor vaccination coverage, risk of trans-
mission, and population susceptibility [103]. Case-based or
population-based surveillance with laboratory confirmation
at the regional or national level is critical for the early detec-
tion of outbreaks, the monitoring of elimination processes, the
evaluation of outbreak responses, and the identification of
unvaccinated or under-vaccinated populations and of geo-
graphic areas where vaccination programs require further sup-
port [6,141]. As measles outbreaks can occur in countries
achieving a sufficient vaccination coverage, surveillance
should be implemented at highly localized scales to identify
clusters of under-vaccinated persons [40]. Case-based surveil-
lance systems for measles exist in 189 (97%) of 194 countries,
but their quality is highly variable [6]. Although rubella and
measles surveillance are most often integrated, surveillance is
less likely to detect rubella, which is generally a milder disease
with subclinical infections in 30-50% of the cases [28].
Therefore, specific surveillance for congenital rubella syn-
drome should also be implemented [6]. When possible, paral-
lel or consecutive testing for rubella and measles suspected
cases could provide useful evidence [6]. Concerning the sur-
veillance of mumps, the most useful action should be to add
mumps to the list of notifiable diseases in countries where
routine vaccination is performed [4].

3.2.3. Vaccine supply

Due to the complex manufacturing and lengthy control and
release processes for each batch of vaccine, it is difficult to
respond in the short term to unexpected increases in vaccine
demand (e.g. outbreaks), especially for viral vaccines because
of the variability in yield of live viral bulk antigen production
[113]. Such unpredictable increases in global demand may
lead to disruptions in the delivery of certain vaccines [113].
Regulatory requirements and the lack of knowledge/commu-
nication of countries’ immunization program plans ahead of
time bring additional difficulties in planning and production of
vaccines [113]. Local problems with supplies and logistics can
also make the vaccine unavailable during a certain period
[142]. To allow a more effective short-term response to unex-
pected increases in vaccine demand, the communication
between authorities, scientific experts, and vaccine manufac-
turers should be improved [113]. Vaccines should be
requested regularly, and mechanisms should be available to
avoid vaccine shortage due to logistic or supply pro-
blems [142].

3.3. Vaccine characteristics

Since the currently available combined trivalent vaccines
against M, M, and R are more advanced than monovalent
and bivalent vaccines, are widely used, and are recommended
in several countries [9-11], this section will specifically focus
on their characteristics and their potential improvements.



3.3.1. Primary vaccination failure

Two doses of the MMR vaccine are well-tolerated and effec-
tive, with seroresponse rates of approximately 98% against
measles, and are currently recommended by the WHO
[4,21,83,143-145]. After only one dose of MMR vaccine, pri-
mary measles-vaccine failures (failure to seroconvert) may
happen in children vaccinated at a young age due to the
persistence of maternal antibodies, highlighting the impor-
tance of the second dose of MMR vaccine [146]. The propor-
tion of children who do not seroconvert after the first dose of
measles-containing vaccine is 10-15% among infants vacci-
nated at 9 months of age and 5-10% among those vaccinated
at 12 months of age [146,147]. Of note, the vast majority of
patients with measles during outbreaks had not received the
two recommended doses of childhood MMR vaccine [10].

3.3.2. Secondary vaccination failure

Secondary measles vaccine failures (waning and/or incomplete
immunity) have also been reported [148]. There is uncertainty
concerning the ability of MMR vaccines to provide long-term
protection against measles in regions with a low risk of expo-
sure to measles (in the absence of boosting immunity result-
ing from asymptomatic infections) [149]. The relevance of
secondary vaccine failures for measles at the population
level is therefore unclear [73,149,150]. For rubella, vaccine-
induced immunity is generally assumed to be lifelong, even
if antibodies may fall below detectable levels [83].

Secondary mumps vaccine failures have been frequently
reported during mumps outbreaks in highly vaccinated popu-
lations. Mumps outbreaks mainly affecting vaccinated indivi-
duals were reported in several countries, including Australia
[35,151], European countries [152], and the USA [3,34,39,153].
Of note, the incidence of severe mumps cases was lower in
highly vaccinated populations, suggesting that vaccination
still offered protection against severe disease [26,35,39].

Evidence on the long-term effectiveness of one or two
doses of MMR vaccines has shown that the levels of antibodies
against measles and rubella declined moderately, but were
still well above the seropositivity thresholds after 10 years,
and anti-mumps antibody levels remained relatively stable
[143]. In contrast, another study has shown that 15 years
after the second MMR dose, seropositivity rates for measles
and rubella have continued to be high, whereas they substan-
tially decreased for mumps [154]. Therefore, concerns of pos-
sible waning immunity after MMR vaccination has been
proposed as a key contributing factor to mumps resurgence,
especially in highly vaccinated populations [3,26,152,155,156].
Waning immunity for measles has been well-established in
HIV-infected children, in particular if antiretroviral therapy
has been interrupted [88]. For rubella, previous studies have
shown that following two doses of MMR vaccine during child-
hood, the seropositivity rates remained high in young adults
but antibody concentrations declined below protective levels
in some individuals, which could have implications for the
prevention of rubella in pregnancy [157-159].

While secondary vaccination failures are classically mea-
sured by humoral immunity, cellular immunity is also impor-
tant to fully characterize immune responses induced by
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vaccination. Indeed, cellular immunity against rubella and
mumps seems to contribute to disease protection following
vaccination [160-165].

3.3.3. Vaccine strains and new genotypes

A total of eight measles clades containing 24 genotypes have
been identified [166]. All available measles-containing vac-
cines belong to clade A, which is not associated with endemic
transmission anymore since 2008 [40,166-168]. In the last
decade, new measles genotypes have emerged in many
parts of the world [40,77] while other genotypes seem to be
disappearing [168]. Evidence shows that the emergence of
new measles genotypes seems to have a limited impact on
vaccine effectiveness as genotypes not belonging to clade
A are also neutralized by vaccine-induced antibodies [10].
Moreover, measles cases in previously vaccinated individuals
have a limited contribution to virus transmission, and vaccina-
tion remains essential to prevent measles outbreaks [169,170].

In contrast, the influence of different genotypes on vaccine
effectiveness seems more evident for mumps than for
measles. Mumps outbreaks can be caused by waning immu-
nity after vaccination, the presence of unvaccinated indivi-
duals, but also differences between circulating genotype
variants and the vaccine strains [107]. The mumps strains
included in the currently available vaccines belong to geno-
type A (Jeryl Lynn and RIT 4385 vaccines), to a lesser extent to
genotype B (Urabe-AM9 vaccines), or still have to be assigned
to a genotype (Leningrad-Zagreb vaccines). In many parts of
the world, outbreaks have been attributed to different geno-
type variants (genotypes |, J, F, G, C, H, K) as compared to the
vaccine strains [26,37,107,155,171-181]. In particular, recent
outbreaks of mumps caused by the genotype G virus have
been reported in several countries, such as the USA, Canada,
Norway, Scotland, and Belgium [37,155,177-181]. While differ-
ences between vaccine and circulating strains may induce
vaccine escape and favor outbreaks, the major cause of
mumps outbreaks seems to be the waning immunity after
vaccination and contradicting literature exists as to the impor-
tance of the mumps genetic variants [107,155]. A previous
study has shown that although neutralizing antibody titers
were lower against some mumps virus strains than others,
genetically diverse strains were neutralized in the sera
obtained from children 6 weeks after the MMR vaccine admin-
istration [155]. Other studies conducted during mumps out-
breaks have shown that the currently used genotype
A vaccines provide suboptimal protection against genotype
G, even if MMR vaccination was associated with less severe
disease [37], and induce significantly lower neutralization titers
against wild-type genotypes than against the vaccine strain
[177,182]. Moreover, molecular evidence suggested that emer-
gent mumps virus strains have different antigenic epitopes
than vaccine strains [183].

Although virus circulation and genetic drift could be lim-
ited if high vaccination coverage rates with available vaccines
are reached, the molecular epidemiology of circulating strains
should be evaluated to determine if new multivalent vaccines
are needed. The availability of the whole genome sequencing,
reverse vaccinology [184], and platform technologies
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(including recently developed mRNA platforms [185]) could
potentially reduce the time and costs required to develop
and produce new vaccines against emerging strains and to
prepare vaccine stockpiles that could be deployed in case of
outbreaks [186]. While new and more effective MMR vaccines
could help to reduce primary and secondary vaccine failure
rates [179], the potential need is particularly important for
mumps since highly vaccinated populations also experience
outbreaks, which may be caused by vaccine escape, mismatch
between the vaccine and wild-type virus, and waning immu-
nity. Additional studies are needed to evaluate if new multi-
valent mumps vaccines should be developed or if a third dose
of the existing MMR vaccine would have a stronger effect to
avoid mumps outbreaks [107,183].

4. Conclusion

This review shows that many challenges remain in controlling
M, M, and R infections despite the availability of effective
vaccines. For measles, the remaining challenges in reaching
the elimination goal are mainly related to the suboptimal
vaccination coverage that creates pockets of unvaccinated or
under-vaccinated individuals that fuel outbreaks. For mumps,
outbreaks have been reported in highly vaccinated popula-
tions and major causes include waning of the immune
response and emergence of genotypes not included in the
vaccines. Governments and policy-makers should support the
implementation of country-specific vaccination policies, raise
awareness of disease severity and vaccination impact, improve
the provision of vaccination services, health infrastructure, and
vaccination access, and strengthen outbreak preparedness.
Surveillance systems should be improved to avoid delayed
detection of outbreaks and identify any potential escape var-
iants. Additional benefits could come from the evolution of
the current MMR vaccines and more tailored vaccination
schedules.

5. Expert opinion

The resurgence of measles and mumps in recent years proves
that despite two doses of the MMR vaccine being effective
and recommended in routine immunization programs for chil-
dren in several countries, several gaps need to be addressed
to eliminate these diseases [7,9,10,28,40,107]. For measles,
challenges are mainly related to low immunization coverage
that leaves pools of susceptible individuals and to the chan-
ging global environment (e.g. increased population density,
traveling, and migration) which facilitates disease propagation
[40]. Mumps outbreaks have also been reported in vaccinated
populations and besides the low vaccination coverage, addi-
tional causes of their resurgence include the waning immunity
after vaccination and the emergence of new genotypes [107].
A reviewed approach for measles and rubella elimination has
been the focus of the recent update of the measles and
rubella strategic framework 2021-2030 [7].

Importantly, strategies to improve vaccination coverage and
prevent outbreaks should be tailored to the local context of each
country. While insufficient funding and sociopolitical issues are
important barriers in many low-income countries [5], increases in
healthcare usage and declines in healthcare workforce may also
contribute to inadequate compliance to completing the vaccina-
tion schedule in high-income countries [125]. To increase the
proportion of children who receive two MMR vaccine doses, gov-
ernments should improve access to vaccination clinics, strengthen
immunization service arrangements, and ensure availability of
vaccines in the long term. Therefore, the number of appointments
available for vaccination at healthcare facilities and the flexibility in
time arrangements should increase [104,126,127], call-recall sys-
tems should be implemented [134-136], and outreach services
should be used to immunize children living in rural or inaccessible
areas [1]. If additional vaccination points and workforce are
needed, government and policy-makers could also authorize addi-
tional vaccinators, such as pharmacists, to administer vaccines
[187]. In addition to routine childhood immunizations, authorities
should also develop clear strategies to immunize unvaccinated
older children and adults, such as the organization of catch-up
activities [10] or SIAs [188-190]. Of note, as SIAs are costly, their
cost-effectiveness versus other immunization strategies should be
assessed [188-190]. Catch-up activities are also needed when
public health emergencies, such as the current COVID-19 pan-
demic, are disrupting the implementation of recommended vacci-
nation programs and induce reductions in coverage for several
pediatric and adult vaccines, including vaccines against M, M, and
R [191]. Specific policies are also needed for the immunization of
other pockets of individuals who may play a role in disease trans-
mission if they are unvaccinated or under-vaccinated, such as
travelers [66], HCWs [74], and immunocompromised individuals
[84-86]. Governments and international organizations (e.g. WHO,
United Nations Development Program, and the African Union)
should also ensure access to vaccination services for disadvan-
taged and vulnerable populations, such as migrants and refugees
who need catch-up vaccination [68,70]. Immunization programs
should also be strengthened in conflict-affected countries and
conflict-displaced populations to help rebuild the systems (cold
chain and network delivery are often disrupted in case of political
threats) and to protect children in the future [94,192].

While very often neglected, high-quality surveillance systems
are needed to identify vaccination gaps and to guide M, M, and
R control and elimination efforts. Poor surveillance systems can
create the false impression of a good disease control, resulting in
delayed responses to outbreaks and further spread. Even if sur-
veillance systems to monitor the molecular epidemiology of
circulating viruses have a high cost and are time-consuming,
they are important and exclusive to identify patterns of transmis-
sion, imported viruses, and consequent outbreaks [40], as well as
any potential escape variants. Since patterns of measles transmis-
sion vary between regions due to differences in demographic
context and vaccination programs implementation, countries
should carefully analyze local data to adapt strategies [103]. In
particular, childhood immunization schedules should be adapted
to local epidemiological evidence. Although the second dose (or



third dose for early vaccinated children) of measles-containing
vaccine is usually provided in the second year of life or at school
entry, the timing of its administration varies across countries and
regions based on several considerations [10]. It has been pre-
viously suggested that increasing the time between the pediatric
doses of MMR vaccine to 4-8 years could decrease the risk of
mumps outbreaks [193] and improve the durability of protection
[35]. Additionally, since immune immaturity affects antibody
responses in infants, the second dose given at an older age
might induce antibodies of better quality [194]. However, admin-
istrating the second dose of the MMR vaccine later in life
increases the risk of accumulating a high proportion of children
with primary vaccine failure [21,146]. Therefore, another solution
could be to administer the second dose of the MMR vaccine in
the second year of life [21], followed by a third dose in adoles-
cents/young adults. There is no medical evidence suggesting that
a short interval between the two first doses of MMR vaccine
(i.e. second dose given in the second year of life) would cause
any harm [195]. This schedule (two doses during the first two
years of life followed by a third dose) would have several advan-
tages, including a decreased impact of lower immune responses
arising from either primary vaccine failure and/or interference
with transferred maternal antibodies, as well as a prolongation of
the duration of protection. Completing the two-dose schedule
earlier in life reduces vaccination failure concerns and the num-
ber of second doses missed in countries where their administra-
tion is recommended after the standard pediatrician’s follow-up
period [196].

To obtain the vaccination coverage rates required to
achieve the diseases elimination goals, the wider societal
and system challenges should be balanced with changes in
public perspectives concerning vaccination. MMR vaccines
are victims of their own success as the perceived balance
between benefit and risk of vaccination is distorted toward
observing fewer severe complications of these infectious
diseases after the introduction of MMR vaccines in routine
vaccination programs, eventually leading to increased vac-
cine hesitancy. Parents’, caregivers’, and even HCWs’ knowl-
edge of the role and safety of MMR vaccines, as well as their
understanding of vaccination schedules and operational
aspects of immunization service arrangements, should be
improved through education [104,197]. Emphasis should be
on the responsibility of each person in contributing to public
health interventions and protecting individuals and the com-
munity, and on the role of vaccines as effective tools to
reduce the morbidity and mortality associated with infec-
tious diseases [198]. Educating future healthcare providers
on the importance of MMR vaccination and on specific stra-
tegies for communicating with vaccine hesitant parents can
also be considered [199]. Efforts are also needed to improve
the relationship between HCWSs and caregivers since many
parents, especially in developing countries, have negative
views about HCWs and do not contact them to get advice
regarding how their children can receive a missed dose [104].

Although somewhat criticized and pushed-back, the intro-
duction of mandatory MMR vaccination for eligible individuals
was shown to be a successful intervention in some areas.
Although it may be considered as acceptable because care-
givers deciding not to vaccinate their child are putting other
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people’s health at risk, this decision could lead to undecided
caregivers becoming more vaccine-resistant and increasing
distrust in vaccination programs [52,197]. The SAGE working
group on vaccine hesitancy concluded that mandating immu-
nization to address vaccine hesitancy should be done carefully
and cautiously as negative consequences could outweigh
potential benefits. Therefore, other options should be consid-
ered before this step, such as solving infrastructure problems
and investigating other obstacles to vaccine uptake [197].
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