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ABSTRACT
M-M-R®II (M-M-R II) is routinely used in many countries at 12–15 months with a second dose at 4 to 6 years 
of age. However, the vaccine may need to be administered at other ages due to delays in the immuniza
tion schedule or in certain situations such as outbreaks or international travel. A systematic literature 
review was conducted to evaluate efficacy, immunogenicity and safety of M-M-R II among 6- to 11-month- 
olds and persons ≥7 years of age. A search for randomized controlled trials (RCTs) was conducted in 2019 
including Medline, Embase and Cochrane CENTRAL. Only one study reported seroconversion rates after 
one dose in infants at 9 months of age: 87.4% (measles), 92.3% (mumps), and 91.2% (rubella); no safety 
data were reported. Seven studies reported immunogenicity and safety data for M-M-R II at ≥7 years of 
age. Seroconversion rates ranged from 96%-100% (measles), 65%-100% (mumps), and 91%-100% 
(rubella). Rates of selected adverse events ranged from 5.2%-8.7% for fever (≥38°C or ≥38.1°C), 2%- 
33.3% for injection site reactions, and 0.4% for measles/rubella-like rash (one study). No efficacy studies 
were found. This literature review identified RCTs with evidence to support that M-M-R II is immunogenic 
and well tolerated in individuals ≥7 years of age.
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Introduction

Measles, mumps and rubella are highly contagious, vaccine 
preventable viral diseases that can affect susceptible children, 
adolescents, and adults. Each virus can be acquired through 
airborne (measles) or droplet transmission (measles, mumps, 
and rubella). Some outbreaks of measles and mumps continue 
to occur globally, mostly among unvaccinated or undervacci
nated individuals. Although many individuals with mild symp
toms recover after a few days, infection can lead to serious 
complications and, in rare cases, death.1

High uptake and timely vaccination against measles, 
mumps and rubella is critical to curtail these diseases. M-M- 
R®II (measles, mumps, and rubella vaccine live; Merck & Co., 
Inc., Kenilworth, NJ, USA [henceforth referred to as 
M-M-R II]; also known as MMRvaxPRO in the EU) is 
a combination vaccine indicated for active immunization for 
the prevention of measles, mumps, and rubella in individuals 
12 months of age and older. M-M-R II has been exclusively 
used in children in the U.S. for over 40 years, and has resulted 
in a ≥ 96% reduction in the rate of all 3 diseases.2 Measles and 
rubella have been eliminated from the US due to high vaccine 
coverage rates.3,4 Mumps continues to circulate in the context 
of outbreaks primarily in close contact settings, though the 
disease is largely under control.5

M-M-R II is the only MMR vaccine registered in the U.S. In 
the U.S. and many other countries, the first dose of MMR 
vaccine is routinely recommended at 12 to 15 months of age 

and the second dose is routinely recommended at 4 to 6 years 
of age (although the second dose may be administered at any 
time ≥4 weeks after the first dose). MMRV (ProQuad®, Merck 
& Co., Inc., Kenilworth, NJ, USA), the only quadrivalent vac
cine in use that contains measles, mumps, rubella and varicella, 
has been available since 2005 in the U.S. The Advisory 
Committee on Immunization Practices (ACIP) recommends 
the use of MMRV vaccine for the second dose of MMR and 
varicella at 4 to 6 years of age, in the context of its general 
preference for combination vaccines.6

Worldwide, the vast majority of individuals who receive 
MMR vaccine routinely receive two doses between 12 months 
and 6 years of age. In certain circumstances, MMR vaccine is 
recommended outside of the standard age ranges. For example, 
infants 6 to 11 months of age may be vaccinated in outbreak 
situations or before international travel, and persons ≥7 years 
of age may be vaccinated as a catch-up or during outbreaks.7–9 

In countries with high measles prevalence, the World Health 
Organization (WHO) considers 9 months as optimal timing 
for the first dose of measles vaccination for protection of 
susceptible infants against measles (recognizing that this dose 
does not count as part of the 2-dose regimen).9 The safety, 
immunogenicity, and efficacy of MMR vaccine outside the 
routine age of administration are important to understand, 
especially in light of the continued endemicity of measles in 
some regions and continued outbreaks in regions where 
measles has been eliminated.10,11
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For this reason, a systematic literature review (SLR) was 
conducted to identify clinical trial and real-world data on the 
use of M-M-R II by age group (6 to 11 months, ≥12 months to 
6 years, and ≥7 years). For the current analysis, randomized 
controlled trials (RCTs) reporting immunogenicity, efficacy 
and/or safety data for use at 6 to 11 months and ≥7 years of 
age were reviewed.

Methods

A detailed research plan for the SLR was pre-specified in 
a protocol in line with Cochrane guidelines.12 A search limited 
to the English language was conducted on May 15, 2019 in 
Medline, Embase and Cochrane CENTRAL, without time or 
geographic restriction. The search strategy was adapted to the 
requirements of each database. In addition, a comprehensive 
search for gray literature1 was performed between June 24 and 
July 22, 2019, including a trial registry (clinicaltrials.gov), con
ferences of eight societies, other databases and various Internet 
sources (WHO, Centers for Disease Control and Prevention, 
European Center for Disease Prevention and Control, 
Eurosurveillance, National Immunization Technical Advisory 
Groups [NITAG], PATH Vaccine Resource Library, and The 
Technical Network for Strengthening Immunization Services 
[TechNet-21]).

Two teams of reviewers systematically screened the search 
results independently against pre-defined eligibility criteria. At 
the end of the screening, consensus meetings were held to 

reach agreement on inclusion or exclusion of data, with 
a team of third reviewers consulted in case of disagreement. 
Studies using M-M-R II or MMRvaxPRO with or without 
concomitant use of other vaccines were included (studies 
using monovalent and MMRV vaccines and other brands of 
MMR were excluded). RCTs were selected for inclusion if they 
reported efficacy, immunogenicity or safety outcomes. Data 
from studies in which the vaccine was administered by 
a nonstandard route of administration (aerosol, jet injector) 
were not included in this report.

Results

The initial systematic literature review returned a total of 122 
references pertaining to 88 studies (75 RCT and 13 observa
tional studies). Eight studies, one for 6 to 11 months of age and 
seven for individuals ≥7 years of age, met the inclusion criteria 
and provided immunogenicity or safety data. No study 
reported efficacy data in these age groups (Figure 1).

Only one double-blind RCT evaluated the immunogenicity 
of M-M-R II in infants <12 months of age (Table 1).13 The trial 
was conducted between 1992 and 1994 in the U.S. and enrolled 
990 children who were 7 months of age at enrollment. The 
infants were randomized to receive a single dose of vaccine at 
either 9 (n = 285), 12 (n = 358) or 15 (n = 347) months. Measles 
seroconversion rates were higher in children vaccinated at 
15 months of age (98.3%) and 12 months (95.3%) than they 
were in those vaccinated at 9 months (87.4%). This was similar 
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for rubella (96.4% at 15 months, 94.9% at 12 months, and 
91.2% at 9 months), while for mumps the rates were nearly 
identical in each of the groups (93.0% at 15 months, 89.8% at 
12 months, and 92.3% at 9 months), respectively. In an addi
tional analysis comparing children whose mothers were born 
in 1964 and later to children of mothers born in 1963 or earlier 
(pre-vaccination era), the seroconversion rates among children 
vaccinated at 9 months were higher in children whose mothers 
were born in the post-vaccination era for measles (93.6% vs 
83.5%) and rubella (95.3% vs 88.6%), but not for mumps 
(92.4% vs 92.2%). No safety data were reported in this study.13

Seven studies reported data for M-M-R II administered at 
≥7 years of age (6 studies without and 1 study with concomi
tant administration of other vaccines). The vaccine was given 
as a second dose in five of the studies, as a first or second dose 
in one study, and in one study this was not specified. These 
studies were conducted in Brazil (1), Mexico (3), Sweden (1), 
the U.S., and U.S./Europe (1).14–20 The mean age of partici
pants ranged from 7 to 26 years (Table 1).

One observer-blinded RCT conducted in 2014–2015 in 3 
countries (U.S., Estonia, and Slovakia) evaluated immunogeni
city and safety of a second dose of M-M-R II in individuals 
≥7 years of age (mean age 25.6 years [standard deviation (SD) 
13.8]). The seroresponse rates were 99.1% for measles, 99.5% 
for mumps, and 99.8% for rubella 42 days post-dose 2; a sub
group analysis of the immunogenicity data by age group was 
not presented.20

In a study conducted in Sweden in 1999, children received 
a second dose of M-M-R II at 11–12 years of age after receiving 
their first dose at 2 years of age. There was a ≥ 4-fold increase in 
antibody levels in 5.7% of children for measles, 24.1% for 
mumps, and 39.7% for rubella after the second dose compared 
to baseline (among individuals with detectable antibodies prior 
to second dose). Among the subjects with no detectable anti
body at baseline, all seroconverted for measles, mumps, and 
rubella approximately 6 weeks after the administration of 
the second dose.18

Three studies conducted in Mexico evaluated the adminis
tration of M-M-R II in participants ≥7 years of age.15–17 In 
study 1, seroconversion rates after a second dose of M-M-R II 
in individuals 6 to 7.5 years of age were 100% for measles, 
mumps and rubella at one month post-vaccination and were 
100%, 90.3% and 100%, respectively, at one year post- 
vaccination.15 In study 2, seroconversion rates 2 months post- 
vaccination among individuals 18 to 25 years of age were 96% 
for measles, 65% for mumps, and 100% for rubella, 
respectively.16 In a third study among individuals 9 to 
14 years of age, seroconversion rates at 12 weeks post- 
vaccination were 100% for measles, 95% for mumps, and 
97.5% for rubella.17

In a study conducted in Brazil during 1996 in school chil
dren 6 to 12 years of age (mean 8.9 years), all children had the 
opportunity to be previously vaccinated at either 9 months of 
age or during a mass vaccination campaign in 1992 (the exact 
vaccine administered for the first dose was not specified). The 
overall seropositivity rates increased 21–30 days after receipt of 
M-M-R II compared to prevaccination (from 78.1% to 99.5% 

for measles, 73.5% to 94.5% for mumps, and 53.9% to 91.3% for 
rubella).14

The duration of safety follow-up as well as type of events 
assessed and their definitions varied from study to study. 
Across these six studies, the rates of selected adverse events 
ranged from 5.2%-8.7% for fever (defined as ≥38°C or ≥38.1° 
C), and 2%-33.3% for any injection site reaction (pain, redness 
and/or swelling). Only one study reported measles/rubella-like 
rash; the rate was 0.4% after dose 2 (Table 2).

Only one study reported concomitant administration of 
M-M-R II with other vaccines in subjects ≥7 years of age. An 
open-label US-based RCT was conducted from 1996 to 1997 in 
children 11 to 12 years of age (n = 197). One group received 
hepatitis B (HepB), tetanus and diphtheria toxoid (Td) and 
M-M-R II concomitantly at visit 1, while another group 
received HepB at visit 1 and Td and M-M-R II at a later visit 
(4.5 months). Seropositivity rates for all relevant antigens were 
over 98% in both groups. A higher rate of headache (31.5% vs 
8.6%, p = .001) was found in the group receiving all three 
vaccines at the same visit compared to the group receiving 
Td and M-M-R II at 4.5 months; a higher rate of injection 
site tenderness (24.7% vs. 9.1%, p = .005) was found in the 
group receiving all three vaccines at the same visit compared to 
the group receiving HB only. However, both concomitant and 
non-concomitant administration of HepB with Td and 
M-M-R II were considered to be well tolerated.19

Discussion

Although M-M-R II has been used for over 40 years to prevent 
measles, mumps and rubella, this review identified only 8 
studies that assessed immunogenicity and safety of M-M-R II 
outside the age range typically recommended for immuniza
tion. The evidence from seven RCTs conducted in persons 
≥7 years of age suggests that M-M-R II is immunogenic and 
well tolerated in older age group.

In the one study conducted in infants 6 to 11 months of age, 
the vaccine appeared to be less immunogenic when given at 
9 months of age as compared to 12 and 15 months of age. This 
is likely due to the persistence of maternal antibodies that 
interfere with vaccine response. This phenomenon was less 
pronounced for younger mothers, whose own immunity to 
measles, mumps and rubella was likely vaccine-induced rather 
than due to natural infection. The decreased immunogenicity 
of M-M-R II in infants 6 to 11 months of age will likely be less 
of an issue in the future, as virtually all mothers today have 
vaccine-induced immunity.13

Administration of M-M-R II at ≥7 years of age may be 
indicated due to delays in completing the routine schedule, 
international travel, or for outbreak control. The vaccine may 
also need to be administered to adults lacking proof of immu
nity or to healthcare personnel, military service members, 
immigrants, and travelers at higher risk.8 In 2017, the ACIP 
recommended a third dose of MMR to individuals who had 
already received two doses, but who have an increased risk for 
mumps during an outbreak.22 This systematic review of RCTs 
shows that in these situations, M-M-R II can be expected to be   
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well tolerated and immunogenic.
This review found a limited amount of safety data for 

M-M-R II administration outside the routinely recommended 
age. Safety data reported in trials varied in terms of duration of 
follow-up and method of data collection. No adverse events 
indicating a new safety signal were reported in these stu
dies, and overall, M-M-R II was considered well tolerated 
in persons ≥7 years of age. No safety data were assessed or 
reported in the one study we identified in infants 6 to 
11 months of age.

Although our search was extensive, including sources such 
as clinicaltrials.gov, conference abstracts, WHO, CDC websites 
in addition to bibliographic databases, we found few RCTs 
outside the recommended age ranges for administration of 
M-M-R II. This review focuses exclusively on M-M-R II and 
did not include all the measles, mumps and rubella vaccines 
available globally limiting the generalizability of the findings to 
potentially M-M-R II only. This review would be of particular 
interest to countries who currently use and those that plan to 
incorporate M-M-R II or require WHO-prequalification for 
inclusion of MMR vaccine into the immunization schedules. 
This report only focused on RCTs conducted for M-M-R II and 
did not include real-world evidence studies such as epidemio
logical studies or surveillance studies and did not report the 
vaccine effectiveness in the real-world setting. Many low- and 
middle-income countries have introduced or are considering 
the introduction of MR or MMR vaccines into their routine 
childhood immunization programs and some programs pro
vide or consider providing the first dose of measles vaccine at 
earlier age (prior to 12 months).

In light of the potential risk for future outbreaks of measles, 
mumps, and/or rubella, it is important to understand the safety 
and immunogenicity of M-M-R II outside the routine age 
ranges recommended by the ACIP and other healthcare autho
rities. M-M-R II is indicated for use in children 12 months of 
age and older. This SLR supports the safety and immunogeni
city of M-M-R II outside the ACIP recommended age windows 
for routine administration, particularly among persons 
≥7 years of age. Future research may be warranted to better 
understand the efficacy, immunogenicity and safety of 
M-M-R II should it need to be administered to children 
younger than 12 months of age. The data support the use of 
M-M-R II across a wider age range, which may be important 
when implementing vaccine catchup programs or to prevent 
future outbreaks in susceptible populations.

Note

1. Grey literature is literature that is not formally published in sources 
such as books or journal article.23 It is defined as “Information 
produced on all levels of government, academics, business and 
industry in electronic and print formats not controlled by com
mercial publishing i.e. where publishing is not the primary activity 
of the producing body”24–26.
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