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Background: The potency of live viral vaccines decreases over time. We compared the immunogenicity
and safety of GSK measles-mumps-rubella vaccine (MMR-RIT) formulations at two different potencies
with that of the commercially-available MMR II formulation.
Methods: In this phase IIl observer-blind clinical study (NCT01681992), 4516 healthy children aged
12-15 months were randomized (1:1:1 ratio) to receive one dose of MMR-RIT at the minimum potency
used for this study (MMR-RIT-Min) or MMR-RIT at the second lowest potency used for this study (MMR-
RIT-Med), or control MMR Il vaccine. A second dose (MMR-RIT or MMR II) was administered 42 days after
the first. The study had 10 co-primary objectives to evaluate MMR-RIT versus MMR Il immunogenicity via
a hierarchical procedure. Anti-measles and anti-rubella antibodies were measured by ELISA and anti-
mumps antibodies by ELISA and unenhanced plaque reduction neutralization test (PRNT).
Results: Each formulation induced immune responses to all vaccine antigens after each MMR dose. While
the primary objectives for MMR-RIT-Min were not met, MMR-RIT-Med induced immune responses as
measured by ELISA against the three vaccine antigens that met pre-specified non-inferiority criteria.
The immune response following MMR-RIT-Med against mumps measured by PRNT failed the non-
inferiority criterion for seroresponse rate: the 97.5% confidence interval lower limit (—10.94%) was
beyond the pre-defined limit of —10%. Immune responses were comparable among groups post-dose
2. No safety concerns were identified, and MMR-RIT and MMR II vaccines had similar reactogenicity
and safety profiles.
Conclusions: One dose of MMR-RIT formulation with lower potency (MMR-RIT-Med) induced a non-
inferior immune response compared to commercial MMR II vaccine, measured by ELISA in one-year-
old children. Non-inferiority was not demonstrated in terms of immune response against mumps virus
measured by unenhanced PRNT, although the difference was of uncertain clinical relevance. After the
second dose, immune responses were comparable among the MMR-RIT and MMR II groups.
© 2018 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

1. Introduction

Abbreviations: AE, adverse event; ATP, according-to-protocol; CI, confidence
interval; ELISA, enzyme-linked immunosorbent assay; GMC, geometric mean
concentration; GMT, geometric mean titer; HAV, hepatitis A vaccine; IgG,
immunoglobulin G; LAR, legally acceptable representative; LL, lower limit; MMR,
measles-mumps-rubella; MMR-RIT-Min, MMR-RIT vaccine at the minimum
potency used for this study; MMR-RIT-Med, MMR-RIT vaccine at the second lowest
potency used in this study; NOCD, new onset chronic disease; PCV13, 13-valent
pneumococcal conjugate vaccine; PRNT, plaque reduction neutralization test; SAE,
serious adverse event; SAS, Statistical Analysis Systems; US, United States; VAR,
varicella vaccine; WHO, World Health Organization.
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The World Health Organization (WHO) and United States (US)
Centers for Disease Control and Prevention recommend universal
vaccination of children with two doses of live attenuated combined
measles-mumps-rubella (MMR) vaccine [1-4]. Although vaccine
coverage rates are generally high in most countries [5,6], measles
and mumps outbreaks still occur [1,7-12].

In the US, MMR II (M-M-R II, Merck & Co., Inc.) is the only MMR
vaccine available. Another MMR vaccine, MMR-RIT (Priorix, GSK), is
licensed for use in individuals aged 9 months and older [13] in over
100 countries outside the US. Both vaccines have a shelf life of two
years under specified packaging and storage conditions [13,14].
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As the potency of live viral vaccines tends to decay over time
[15], it is important to demonstrate adequate immunogenicity at
a potency typical of end of shelf-life [9], to provide reassurance
on the vaccine’s continued capability to confer protective immu-
nity. We conducted a study in which the immunogenicity and
safety of two MMR-RIT formulations with lower potency were
compared with the commercially-available MMR II formulation
when administered to children aged 12-15 months. The first
MMR-RIT dose was at either the minimum potency or the second
lowest potency used for this study, while commercial MMR-RIT
was administered as a second dose. The immunogenicity and
safety of the MMR vaccines were also compared after the second
dose.

2. Methods
2.1. Study design and participants

This phase Il randomized, observer-blind, controlled clinical
study (NCT01681992) was conducted in 81 centers in six countries
(Czech Republic, Finland, Malaysia, Spain, Thailand, and US)
between October 2012 and August 2015.

The study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines, and each local site
was approved by a national, regional, or investigational center
institutional review board or independent ethics committee. The
study’s purpose, procedures, and parental responsibilities were
explained in detail to each parent or legally acceptable representa-
tive (LAR) who expressed interest in participating in the study.
Written informed consent was obtained from parents/LARs before
enrollment.

Healthy children aged 12-15 months who had not been immu-
nized against (and had no history of) measles, mumps, rubella,
varicella, or hepatitis A were enrolled. Exclusion criteria are listed
in the Supplement. Children were randomized, using a blocking
scheme (1:1:1 ratio), to receive either one dose of MMR-RIT at

the minimum potency used for this study (MMR-RIT-Min) or
MMR-RIT at the second lowest potency used for this study
(MMR-RIT-Med), or one dose of control MMR II vaccine (Fig. 1,
Table S1). MMR-RIT-Min had the lowest potency tested in a
MMR-RIT clinical study. To ensure a robust control group, the
MMR II vaccine was procured in pairs of lots: >10 MMR II lots were
used in the study, effectively establishing a standard response
curve to MMR II. The randomization list was generated at GSK
using MATerial EXcellence (MATEX), a program developed by
GSK for use with Statistical Analysis Systems (SAS) software.
Treatment allocation was performed at each site via a central
internet-based randomization system. Due to differences in
vaccine appearance and storage, the study was conducted in an
observer-blind manner, i.e. neither the investigator nor the
subject/parent/LAR was aware of which vaccine was received and
staff handling study vaccines were not involved in the assessment
of study endpoints.

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.vaccine.2018.07.
076.

Other vaccines were administered according to national immu-
nization program schedules. All children received concomitant sin-
gle doses of hepatitis A vaccine (HAV; Havrix, GSK) and varicella
vaccine (VAR; Varivax, Merck & Co., Inc.) with the first MMR dose.
Children enrolled in the US also received a dose of 13-valent pneu-
mococcal conjugate vaccine (PCV13; Prevnar 13, Pfizer), having
already received three PCV13 doses, with the last dose at least
60 days before study entry. MMR and VAR doses were adminis-
tered subcutaneously and HAV and PCV13 were administered
intramuscularly. As the first MMR dose could have a lower
potency, which could induce a lower immune response, a second
MMR dose (MMR-RIT or MMR II) was administered 42 days after
the first to ensure protection of children (Fig. 1; Table S1).

The study had 10 co-primary objectives to evaluate immuno-
genicity after the first dose of MMR-RIT compared to MMR II
vaccine, as described in the statistical analyses section. Second-
ary objectives included evaluation of immunogenicity by
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Fig. 1. Study design. Healthy children aged 12-15 months were randomized (1:1:1 ratio) to receive one dose of either MMR-RIT at the minimum potency used for this study
(MMR-RIT-Min) or MMR-RIT at the second lowest potency used for this study (MMR-RIT-Med), or one dose of MMR II vaccine. All children received concomitant single doses
of hepatitis A vaccine (HAV) and varicella vaccine (VAR). Children enrolled in the US also received a dose of 13-valent pneumococcal conjugate vaccine (PCV13). A second dose
(MMR-RIT or MMR II) was administered 42 days after the first. BS, Blood sample; N, planned number of study participants; n, planned number of participants in each study

group. ‘Only for children enrolled in US. {Commercial MMR-RIT.
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enzyme-linked immunosorbent assay (ELISA) after the second
MMR dose in children enrolled in the US, and the assessment
of vaccine safety and reactogenicity in all children.

2.2. Immunogenicity assessment

Immunogenicity assessments were performed on blood sam-
ples taken before the first vaccination, 42 days after the first dose,
and (for children enrolled in the US) 42 days after the second dose
(Fig. 1). Sera were stored at —20 °C until assayed. Immunoglobulin
G (IgG) antibodies to measles and rubella were measured using a
commercial ELISA, Enzygnost (Dade Behring Marburg GmbH,
Germany) at NEOMED-LABS Inc., Quebec, Canada. IgG antibodies
to mumps were measured using a quantitative purified protein
derivative ELISA (Merck, USA) at PPD Inc., PA, USA. The tests were
performed and interpreted according to the manufacturers’
instructions.

Anti-mumps antibody concentrations were also determined by
plaque reduction neutralization test without complement and
without anti-IgG enhancement (unenhanced PRNT; GSK) to assess
the production of neutralizing antibodies, as described elsewhere
[16].

Pre-vaccination samples were defined as seronegative to the
different viral antigens if assay results were below 150 mIU/mL
for measles, 5 EU/mL (ELISA) or 2.5 EDsy (PRNT) for mumps, and
4 1U/mL for rubella. Post-vaccination seroresponses in initially
seronegative children were defined as antibody concentrations/
titers >200 mIU/mL for measles, >10 EU/mL (ELISA) or >4 EDsq
(PRNT) for mumps, and >10 IU/mL for rubella. These seroresponse
thresholds were accepted by the US Food and Drug Administration
as defining active immunization offering clinical benefit.

2.3. Reactogenicity and safety assessments

Reactogenicity and safety were assessed at each visit and via
diary cards completed by parents/LARs. Solicited injection site
symptoms (pain, redness, and swelling) were recorded for four
days (Days 0-3) after the first vaccine dose. Some solicited general
symptoms (irritability/fussiness, drowsiness, and loss of appetite)
were recorded for 15 days while other solicited general symptoms
(fever, rash, parotid/salivary gland swelling, and febrile convul-
sions), and unsolicited symptoms were recorded for 43 days after
each vaccination. Fever was defined as temperature >38.0 °C.

Serious adverse events (SAEs) and adverse events (AEs) of speci-
fic interest (new onset chronic disease [NOCD, see Supplement],
AEs prompting emergency room or medically-attended visits) were
recorded throughout the study. The intensity of each solicited
symptom or AE was graded on a scale from 0 to 3 (see Supplement).

2.4. Statistical analyses

Considering that up to 20% of enrolled participants could be
non-evaluable, it was planned to enroll 4500 children (Fig. 1) to
obtain 3600 evaluable children (1200 in each MMR-RIT group
and 1200 in MMR II group). This gave >99% power for meeting
the co-primary objectives for each MMR-RIT vaccine under the
hypothesis of no difference in immunogenicity between MMR-
RIT and MMR II; the endpoint of anti-mumps antibody titers by
PRNT drove the sample size calculation.

Primary analyses were conducted on the according-to-protocol
(ATP) cohort for immunogenicity, including eligible children who
received the study vaccine correctly and complied with study pro-
cedures, and were below the assay cut-off for at least one MMR
vaccine antigen before vaccination. Percentages of children
reaching the predefined immunological thresholds were deter-

mined with exact 95% confidence intervals (Cls). ELISA antibody
geometric mean concentrations (GMCs) and PRNT antibody
geometric mean titers (GMTs) were calculated with 95% Cls. Reac-
togenicity and safety analyses were performed on the total vacci-
nated cohort, including all vaccinated subjects. Incidences of AEs
were calculated with exact 95% Cls.

Asymptotic standardized 97.5% CIs were computed for group
differences in seroresponse rate [17] and percentage of children
with antibody titer/concentration above each specific cut-off. The
97.5% CI for the group GMC ratio was computed using an ANOVA
model on the logarithm-transformed concentrations, with vaccine
group and country as fixed effects. To keep the global type I error of
this study below 2.5%, a hierarchical procedure with adjustment of
the nominal type I error was used for the study’s 10 co-primary
objectives. As described below, the first five related to MMR-RIT-
Min and the second five to MMR-RIT-Med.

The first primary objective was to demonstrate non-inferiority
of MMR-RIT-Min compared to MMR II in terms of seroresponse
rates (by ELISA) for measles, mumps, and rubella 42 days after
the first dose (Day 42). Criteria for non-inferiority were reached
if the lower limit (LL) of the two-sided 97.5% CI on the group differ-
ence (MMR-RIT-Min minus MMR II) was —5% or higher. The second
primary objective was to demonstrate non-inferiority of MMR-RIT-
Min compared to MMR II in terms of antibody GMCs to the differ-
ent viral antigens by ELISA at Day 42. Criteria for non-inferiority
were reached if the LL of the two-sided 97.5% CI on the group ratio
(MMR-RIT-Min over MMR II) was >0.67. The third primary objec-
tive was to demonstrate an acceptable immune response of MMR-
RIT-Min in terms of seroresponse rates for viral antigens at Day 42,
which was reached if the LL of the two-sided 97.5% CI was >90%.

The fourth primary objective was to demonstrate non-
inferiority of MMR-RIT-Min compared to MMR II in terms of
seroresponse rates for mumps virus determined by PRNT at Day
42, which was shown if the LL of the two-sided 97.5% CI on the
group difference was —10% or higher. The fifth primary objective
was to demonstrate non-inferiority of MMR-RIT-Min compared
to MMR 1I in terms of GMT for antibodies to mumps virus
(by PRNT) at Day 42, which was shown if the LL of the two-sided
97.5% Cl on the GMT ratio (MMR-RIT-Min over MMR II) was >0.67.

Primary objectives 6-10 were the same as objectives 1-5, but
comparing MMR-RIT-Med with MMR II. To conclude on objectives
6-10, if one or more of objectives 1-5 associated to MMR-RIT-Min
were not met, a Bonferroni adjustment was to be used, hence the
use of 97.5% ClIs for all primary objectives. Primary objective 5
could only be reached if all associated criteria were met and objec-
tives 1-4 had been reached. Likewise, primary objective 10 could
only be reached if all the associated criteria were met and objec-
tives 6-9 had been reached.

Statistical analyses were performed using SAS version 9.3 on
SAS Drug Development 4.3.

3. Results
3.1. Study participants

We enrolled 4535 children, of whom 4516 were randomized
and vaccinated with MMR-RIT-Min (1493 children), MMR-RIT-
Med (1497), or MMR II (1526); 4297 children completed the study.
The main reasons for discontinuation were consent withdrawal
and lost to follow-up (Fig. 2). The ATP cohort for immunogenicity
post-dose 1 included 4117 children (Fig. 2) and the ATP cohort
for immunogenicity post-dose 2 included 764 children enrolled
in the US (Figure S1). Demographic characteristics were similar
among the study groups (Table 1).
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Fig. 2. Disposition of study participants in the post-dose 1 cohort. ATP, according-to-protocol; N, number of participants; n, number of participants in a given category.

Table 1
Demographic characteristics of the study participants (total vaccinated cohort).
Characteristic MMR-RIT-Min MMR-RIT-Med MMR II (N
(N = 1493) (N = 1497) =1526)
Age (months) at dose 12.6 (0.9) 12.6 (0.9) 12.6 (0.9)
1, mean (SD)
Male gender, n (%) 789 (52.8) 779 (52.0) 768 (50.3)
Race, n (%)
European heritage 1017 (68.1) 1022 (68.3) 1052 (68.9)
African heritage 45 (3.0) 53 (3.5) 46 (3.0)
Asian heritage 366 (24.5) 366 (24.4) 370 (24.2)
Other 65 (4.4) 56 (3.7) 58 (3.8)

N, number of children; n (%), number (percentage) of children with specified
characteristic; SD, standard deviation.

3.2. Immunogenicity

3.2.1. Non-inferiority of the immune response to MMR-RIT-Min/Med
versus MMR 11

Seroresponse rates were comparable among the three groups
for each vaccine antigen (Table 2). The LL of the two-sided 97.5%
ClI for difference in seroresponse between MMR-RIT-Min and
MMR II was within the protocol definition of non-inferiority
(—5% or higher) for anti-mumps and anti-rubella antibodies tested
with ELISA (LL —1.91% and —3.11%, respectively), but outside this
definition for anti-measles antibodies (LL —7.65%).

As the first objective was not met, subsequent primary
objectives related to MMR-RIT-Min were not assessed. Continua-
tion of the hierarchical analyses defined in the study protocol eval-
uated the primary objectives for MMR-RIT-Med. Objective 6 was
met, showing non-inferiority in seroresponse for anti-measles,
anti-mumps, and anti-rubella antibodies tested with ELISA
(Table 2). Objectives 7 and 8 for MMR-RIT-Med were also met:
non-inferiority was demonstrated in anti-measles, anti-mumps,
and anti-rubella antibody GMCs and acceptable immune
responses. Objective 9 was not met, since the seroresponse rate
of anti-mumps neutralizing antibodies tested by PRNT in MMR-
RIT-Med recipients was outside of the protocol definition of non-
inferiority: the LL of the two-sided 97.5% CI for group difference
was beyond -10% (-10.94%; Table 2). Primary objective 10 was
therefore not assessed for MMR-RIT-Med.

3.2.2. Immunogenicity after second MMR dose

In the cohort of children enrolled in the US, immune responses
were comparable among the study groups in terms of seroresponse
rates and GMCs for antibodies to the different viral antigens 42 days
after the second MMR dose (Table 3). The seroresponse rate was at
least 98.4% against each MMR viral antigen in each group.

3.3. Reactogenicity and safety

Frequencies of solicited local symptoms after the first and sec-
ond MMR doses and solicited general symptoms after the first dose
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Non-inferiority of MMR-RIT-Min/Med versus MMR II in terms of seroresponse rates and adjusted GMC/GMT ratios, and acceptable response rates to measles, mumps, and rubella
42 days after the first MMR dose (ATP cohort for immunogenicity post-dose 1).

SRR and acceptable response’ MMR-RIT-Min MMR-RIT-Med MMR II Difference MMR-RIT-Min vs MMR II' Difference MMR-RIT-Med vs MMR II
(97.5% CI) (97.5% CI) (97.5% CI) (97.5% CI) (97.5% CI)
Measles ELISA (%) 90.8 94.2 96.3 —5.48 -2.08
(88.9,92.5) (92.6, 95.5) (95.0,97.3) (-7.65, —3.43) (-3.96, —0.27)
Mumps ELISA (%) 97.4 97.3 97.8 -0.42 -0.58
(96.2, 98.3) (96.0, 98.2) (96.7,98.7) (-1.91, 1.04) (-2.11,0.91)
Rubella ELISA (%) 96.8 97.3 98.5 -1.71 -1.18
(95.5,97.7) (96.1, 98.2) (97.6,99.1) (-3.11, —0.42) (-2.50, 0.05)
Mumps PRNT (%) 71.2 73.4 80.6 -9.41 -7.22
(-13.20, -5.62) (-10.94, —3.49)
GMC/GMT MMR-RIT-Min  MMR-RIT-Med MMR Il MMR-RIT-Min/MMR II ratio® (97.5% CI) MMR-RIT-Med/MMR II ratio* (97.5% CI)
Measles ELISA GMC (mIU/mL)  2221.5 2553.8 2798.9 0.79 0.91
(0.72, 0.88) (0.83, 1.01)
Mumps ELISA GMC (EU/mL) 57.8 59.4 70.6 0.82 0.84
(0.76, 0.89) (0.78,0.91)
Rubella ELISA GMC (IU/mL) 55.9 55.6 63.0 0.89 0.88
(0.83, 0.95) (0.83, 0.95)
Mumps PRNT GMT (EDs) 9.4 10.2 15.6 0.60 0.65
(0.53, 0.68) (0.57,0.74)

ATP, according-to-protocol; ELISA, enzyme-linked immunosorbent assay; GMC, geometric mean antibody concentration measured by ELISA; GMT, geometric mean antibody
titer measured by PRNT; PRNT, plaque reduction neutralization test; SRR, seroresponse rate, defined as percentage of initially seronegative children with antibody con-
centration/titer >200 mIU/mL for measles, >10 EU/mL (ELISA) or >4 EDso (PRNT) for mumps, and >10 IU/mL for rubella; 97.5% CI, asymptotic standardized 97.5% confidence
interval.

Number of children with available results for SRR, acceptable responses and GMC/GMT for anti-measles antibodies: 1361 for MMR-RIT-Min, 1366 for MMR-RIT-Med, 1378 for
MMR II group; for anti-mumps (ELISA): 1161 for MMR-RIT-Min, 1131 for MMR-RIT-Med, 1155 for MMR Il group; for anti-rubella: 1359 for MMR-RIT-Min, 1366 for MMR-RIT-

Med, 1376 for MMR II group; and for anti-mumps (PRNT): 1252 for MMR-RIT-Min, 1265 for MMR-RIT-Med, 1287 for MMR II group.

" Percentage of children with acceptable immune response in terms of SRR for measles (number of children with available results 1361 for MMR-RIT-Min, 1366 for MMR-
RIT-Med, 1378 for MMR II group), mumps as measured by ELISA (1161, 1131, 1155, respectively), and rubella (1359, 1366, 1376, respectively), which was demonstrated if the
lower limit of two-sided 97.5% CI of SRR > 90%. The study design did not foresee calculation of 97.5% Cls for the SRRs for anti-mumps by PRNT.

' Difference in SRR, calculated as SRR in MMR-RIT-Min or MMR-RIT-Med group minus SRR in MMR II group. Non-inferiority criterion: lower limit of two-sided 97.5% CI >

—5% for measles, mumps (ELISA), and rubella or >—10% for mumps PRNT.

* GMC/GMT ratio calculated as MMR-RIT-Min or MMR-RIT-Med GMC/GMT over MMR Il GMC/GMT, adjusted for country. Non-inferiority criterion: lower limit of two-sided

97.5% CI >0.67.

Table 3

Percentage of children with anti-measles, anti-mumps, and anti-rubella antibody seroresponses 42 days after the second MMR-RIT or MMR II dose (ATP cohort for

immunogenicity post-dose 2; children enrolled in US).

MMR-RIT-Min MMR-RIT-Med’ MMR II
SRR’ GMC (95% CI) SRR’ GMC (95% CI) SRR’ GMC (95% CI)
% (95% CI) % (95% CI) % (95% CI)
Measles 99.6 4803.5 mIU/mL 98.4 4557.7 mIU/mL 98.4 4453.9 mIU/mL
(4290.4, 5378.0) (96.1, 99.6) (4061.5, 5114.4) (96.1, 99.6) (3951.9, 5019.8)
(97.7, 100)
Mumps 99.1 88.9 EU/mL 100 94.1 EU/mL 98.6 86.4 EU/mL
(96.7, 99.9) (80.4, 98.3) (98.2, 100) (85.3, 103.8) (95.9, 99.7) (77.4, 96.5)
Rubella 99.6 112.7 IU/mL 99.6 110.7 IU/mL 99.6 110.9 IU/mL
(97.7, 100) (104.1, 122.0) (97.9, 100) (102.9, 119.1) (97.8, 100) (101.8, 120.8)

ATP, according-to-protocol; GMC, geometric mean antibody concentration; SRR, seroresponse rate; 95% CI, 95% confidence interval.
Number of children with available results: (measles) 245 for MMR-RIT-Min, 258 for MMR-RIT-Med, 257 for MMR II group; (mumps) 216, 199, 212, respectively; (rubella) 245,

259, 255, respectively.

* Children received one dose of MMR-RIT-Min or MMR-RIT-Med followed 42 days later by one dose of MMR-RIT.

T Children received two doses of MMR II 42 days apart.

 Percentage of initially seronegative children with antibody concentrations on ELISA of >200 mIU/mL for measles, >10 EU/mL for mumps, and >10 IU/mL for rubella.

were similar among the MMR-RIT and MMR II groups (Fig. 3). The
frequency of fever reported within 43 days post-vaccination was
similar among groups, reported in 40-42% of MMR recipients in
each group after the first dose and 32-34% after the second dose
(Fig. 3).

After each dose, incidences of MMR-specific solicited general
symptoms, febrile convulsion and parotid/salivary gland swelling,
were under 0.5% in each group (Table S2). Localized or generalized
rash was reported in similar percentages of children among all
groups after dose 1 (22-23%) and dose 2 (9-10%).

Unsolicited AEs were reported in around half of children in each
group after each dose (51.0% [95% CI: 48.5, 53.6] in MMR-RIT-Min,

53.0% [50.5, 55.6] in MMR-RIT-Med, 50.9% [48.4, 53.5] in MMR II
group after dose 1; 46.0% [43.4, 48.6], 48.0% [45.4, 50.6], and
46.5% [44.0, 49.1], respectively, after dose 2). SAEs were reported
in 91 of 1493 children (6.1%) in MMR-RIT-Min, 102 of 1497
(6.8%) in MMR-RIT-Med, and 92 of 1526 (6.0%) in the MMR II
group. Two SAEs were considered by the investigator as related
to vaccination: one child in the MMR-RIT-Med group had severe
pyrexia (axillary temperature >39.5 °C), which was reported six
days after the first vaccine dose and lasted six days, and a child
in the MMR II group had moderate toxic skin eruption 15 days after
the first dose, which lasted five days. Both children were hospital-
ized and recovered without sequelae. Frequencies of NOCD and AEs
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Fig. 3. Incidences of solicited local symptoms (pain, redness, and swelling) during 4-day period after each MMR dose, solicited general symptoms (drowsiness,
irritability/fussiness, and loss of appetite) during 15-day period after the first dose, and fever during 43-day period after each dose (total vaccinated cohort). ‘Except for post-
dose 1 fever, drowsiness, irritability/fussiness, and loss of appetite, for which MMR-RIT-Min (N = 1454), MMR-RIT-Med (N = 1466), and MMR II (N = 1486), and except for
post-dose 2 fever, for which MMR-RIT-Min (N = 1426), MMR-RIT-Med (N = 1443), and MMR II (N = 1455). Grade 3 defined as crying when limb was moved or limb was
spontaneously painful (pain), diameter >20 mm (redness and swelling), temperature >39.5 °C (fever), preventing normal activity (drowsiness and irritability), crying
inconsolably (irritability), and not eating at all (loss of appetite). 95% CI, exact 95% confidence intervals; N, number of children.

that required an emergency room or medically-attended visit were
similar between groups (see Supplement).

Three deaths occurred, none of which were considered as
related to vaccination. Two children (one in MMR-RIT-Min group
and one in MMR II group) died because of drowning 171 and
153 days, respectively, after dose 2. The third child had
pyelonephritis reported as starting five days before MMR-RIT-
Med vaccination and died 14 days after vaccination. The child’s
medical history showed suspected autosomal recessive polycystic
kidney disease.

Further details on safety outcomes of this study are available at
https://www.gsk-clinicalstudyregister.com/files2/115649-Clinical-
Study-Results-Summary.pdf.

4. Discussion

In this study of healthy toddlers, a MMR-RIT formulation at the
second lowest potency used in this study induced robust immune
responses to all vaccine antigens. While the primary objectives for
MMR-RIT at the minimum potency used for this study (MMR-RIT-
Min) were not met, MMR-RIT at the second lowest potency used
for this study (MMR-RIT-Med) induced immune responses as
measured by ELISA against the three vaccine antigens that
met all non-inferiority criteria versus MMR II. The immune

response following MMR-RIT-Med against mumps measured by
PRNT did not meet the non-inferiority criterion for seroresponse
rate by a small margin of uncertain clinical relevance. After the
second MMR dose, immune responses were comparable among
groups in terms of seroresponse rates and GMCs for antibodies to
measles, mumps, and rubella viruses. Seroresponse rates were
above 98.0% for each antigen in each group and consistent with
immune responses reported in other studies of children adminis-
tered a second MMR-RIT dose in the second year of life [18-20].
No safety concerns were identified and the reactogenicity profile
of the MMR-RIT vaccine was acceptable when coadministered with
HAV, VAR, and (in the US) PCV13. Reactogenicity and safety were
in line with what has been reported globally for MMR-RIT and
the MMR Il vaccines [16,21,22]. The results of this study and choice
of MMR-RIT-Med as the specification for MMR-RIT should have no
impact on the manufacturability of MMR-RIT as its viral content is
compatible with the acceptable range of potencies between end of
shelf-life and maximum potency specification.

Non-inferiority was not demonstrated in terms of immune
response against mumps virus measured by PRNT. The PRNT was
an unenhanced in-house test developed by GSK that is likely to
be a more rigorous test of immunogenicity to mumps vaccination
than a previously used complement- and IgG-enhanced assay
[23,24]. In addition, the new assay determines neutralizing
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antibodies to the wild-type strain Mu-90/LO1, which is considered
better than using a vaccine-specific mumps strain when approxi-
mating the potency of vaccine-induced antibody to the circulating
wild-type strain [25,26]. However, no reliable correlate for protec-
tive neutralizing antibody titers has been established for mumps
[27]. Because PRNT has different principles than ELISA, they cannot
be directly compared, and successful bridging with the current
ELISA threshold for protection is yet to be achieved. ELISA is the
most widely accepted assay for assessing mumps immunogenicity
but cannot distinguish neutralizing from non-neutralizing antibod-
ies [28].

In terms of limitations, this study was not designed to evaluate
the comparator MMR II vaccine at different potencies during its
shelf-life. This is a limitation since the potency of all live virus vac-
cines decreases up to their expiry date [15,29] and the potencies of
the MMR II lots used in this study were not tested. Precise differ-
ences in potency of the MMR-RIT-Min/Med formulations and
MMR 1I are therefore unknown and it is unknown if non-
inferiority would have been demonstrated if each vaccine had been
tested at the same potency. Moreover, as far as we are aware, the
anti-mumps antibody response after MMR II with reduced potency
has not been tested with an assay as stringent as the unenhanced
PRNT used in the present study. Also, since all children received
HAV, VAR, and (for children enrolled in US) PCV13 vaccines, the
safety and reactogenicity of MMR when administered alone could
not be assessed.

In conclusion, one dose of a MMR-RIT formulation with lower
potency induced a non-inferior immune response compared to
standard MMR II vaccine, as measured by ELISA in one-year-old
children. The PRNT assay seems to be a more sensitive assay, able
to discriminate a slight dose-response effect across the potencies
investigated. After the second dose, immune responses against
measles, mumps, and rubella viruses were comparable among
the MMR-RIT and MMR II groups, canceling pre-existing differ-
ences due to potency, if any. The safety profiles of all MMR-RIT
vaccine formulations were similar to that of MMR II vaccine.

5. Trademark statement

Priorix and Havrix are trademarks of GSK group of companies.
M-M-R II and Varivax are trademarks of Merck & Co., Inc. Prevnar
13 is a trademark of Pfizer Inc. Enzygnost is a trademark of Dade
Behring Marburg GmbH.

Acknowledgements

The authors thank the children who participated in the study and
their parents/guardians as well as the investigators. The authors
also thank Joanne Knowles (independent medical writer for XPE
Pharma & Science, Belgium c/o GSK) and Sara Rubio (XPE Pharma
& Science, Belgium c/o GSK) for providing writing assistance and
Adrian Kremer (XPE Pharma & Science, Belgium c/o GSK) for pub-
lication coordination and editorial support.

Contributors

Within the MMR-161 study group, the following fulfilled the
ICMJE criteria to be considered as authors (in alphabetical order):
Study investigators: Ahonen, Anitta (Vaccine Research Center,
University of Tampere, Tampere, Finland); Berry, Andrea (Center
for Vaccine Development, Institute for Global Health, University
of Maryland School of Medicine, Baltimore, MD, USA); Chatterjee,
Archana (Department of Pediatrics, University of South Dakota,
Sanford School of Medicine/Sanford Children’s Specialty Clinic,
Sioux Falls, SD, USA); Clifford, Robert (Coastal Pediatric Associates,

Charleston, SC, USA); Diaz Perez, Clemente (School of Medicine,
Medical Sciences Campus, University of Puerto Rico, San Juan PR,
Puerto Rico); Diez-Domingo, Javier (Centro Superior de Investi-
gacion en Salud Piblica, Valencia, Spain); Haney, Byron (Family
Health Care of Ellensburg, Ellensburg and Pacific Northwest
University, Ellensburg, WA, USA); Harrison, Christopher ]
(Children’s Mercy Hospital and Clinics, Kansas City, MO, USA);
Kerdpanich, Angkool Phirangkul (Division of Infectious Diseases,
Department of Pediatrics, Phramongkutklao Hospital, Bangkok,
Thailand); Lee, Jimmy KF (Hospital Sultanah Nur Zahirah, Kuala
Terengganu, Malaysia); Leonardi, Michael (Palmetto Pediatrics,
North Charleston, SC, USA); Martinén-Torres, Federico (Hospital
Clinico Universitario, Santiago de Compostela, Spain); Miranda,
Mariano (Pediatrics Department, Hospital de Antequera, Ante-
quera, Spain); Perez Porcuna, Xavier Maria (Manlleu Primary Care
Center, Manlleu, Spain); Phongsamart, Wanatpreeya (Pediatric
Infectious Diseases Unit, Department of Pediatrics, Faculty of Med-
icine Siriraj Hospital, Madiol University, Bangkok Noi, Bangkok,
Thailand); Sharifah Huda, Engku Alwi (Hospital Sultanah Nur
Zahirah, Kuala Terengganu, Malaysia); Toh, Teck-Hock (Depart-
ment of Pediatrics and Clinical Research Centre, Sibu Hospital, Sibu,
Sarawak, Malaysia); Twiggs, Jerry (Dixie Pediatrics, Saint George,
UT, USA); Ulied Arminana, Angels (Centre d’Atenci6é Primaria, EBA
Centelles, Barcelona, Spain); Varman, Meera (Pediatric Infectious
Disease, Creighton University, Omaha, NE, USA); Zissman, Edward
(Children’s Research, Altamonte Springs, FL, USA). GSK Vaccines
staff: Caplanusi, Adrian (GSK, Wavre, Belgium); Carryn, Stephane
(GSK, Wavre, Belgium); Henry, Ouzama (GSK, Rockville, USA);
Povey, Michael (GSK, Wavre, Belgium).

Conflict of interest

All authors have completed the ICMJE uniform disclosure form
at www.icmje.org/coi_disclosure.pdf and declare: Stephane Car-
ryn, Ouzama Henry, and Michael Povey are employed by the GSK
group of companies. Adrian Caplanusi was an employee of the
GSK group of companies at the time of the study conduct. Stephane
Carryn and Ouzama Henry hold shares in the GSK group of compa-
nies as part of their employee remuneration. Andrea Berry’s insti-
tution received payment from the GSK group of companies for her
participation as a principal investigator in the trial. Her institution
has received payment from the GSK group of companies, NIAID,
Novartis, and Pfizer to conduct vaccine or epidemiological trials.
Archana Chatterjee’s institution received a grant from the GSK
group of companies for her participation as a principal investigator
in the trial. Clemente Diaz Perez's institution (UPR Medical
Sciences Campus) received payment from the GSK group of compa-
nies to support partially the execution of the study. Javier Diez-
Domingo received personal fees from the GSK group of companies
and MSD for participation as a board member, grant from Sanofi
Pasteur MSD, and non-financial support from Sanofi-Pasteur for
ESWI meeting (2017). Byron Haney received fees and non-
financial support from the GSK group of companies. Christopher ]
Harrison’s institution received grant from the GSK group of compa-
nies for his participation as a principal investigator in the trial and
for another vaccine trial and grant funding from Pfizer for his
investigator role in a project. He has also received reimbursement
and honorarium from Pfizer for the presentation of data. Michael
Leonardi has received grant funding from the GSK group of
companies for his participation as principal investigator in the
study. He also received grant funding from Merck, Medimmune,
and Novartis. Federico Martinén-Torres’s institution received
payment from the GSK group of companies for his participation
as a principal investigator in the trial. The institution also received
fees from Ablynx, Janssen, the GSK group of companies, Regeneron,



5788 The MMR-161 Study Group/Vaccine 36 (2018) 5781-5788

Medimmune, Pfizer, MSD, and Sanofi-Pasteur to conduct trials.
Federico Martinén-Torres also received personal fees from Pfizer,
MSD, and Sanofi-Pasteur. Xavier Maria Pérez Porcuna’s institution
received grant funding from the GSK group of companies for the
conduct of the study. Xavier Maria Pérez Porcuna also received per-
sonal fees from the GSK group of companies for advisory board
participation and lecture. Angels Ulied Arminana received personal
fees through her institution from the GSK group of companies for
the study conduct. She also received grant funding from Pfizer
for lecture and personal fees from MSD and Novartis for her partic-
ipation as investigator in clinical trials. Meera Varman from the
Creighton University received grant funding from Merck, the GSK
group of companies, Medimmune, Regeneron, Novartis, Sanofi-
Pasteur, and Pfizer for her participation in vaccine clinical trials;
she had received honoraria for speaking on behalf of Merck and
Pfizer. All other authors declare no potential conflict of interest.

Authors’ contributions

Ouzama Henry contributed to the conception, design, and plan-
ning of the study. Michael Povey contributed as statistician to the
method and selection development, the statistical data analysis,
the reporting of data, and the assessment of robustness of this
manuscript. All authors contributed to the acquisition and review
of the data. All study investigators from the MMR-161 study group
recruited patients. All authors contributed to the interpretation of
data and the drafting of the report. They revised it critically for
important intellectual content and approved the version to be
published.

Funding

GlaxoSmithKline Biologicals SA was the funding source and was
involved in all stages of the study conduct and analysis.
GlaxoSmithKline Biologicals SA also took responsibility for all costs
associated with the development and publishing of the present
manuscript.

References

[1] McLean HQ, Fiebelkorn AP, Temte JL, Wallace GS. Centers for Disease Control
and Prevention. Prevention of measles, rubella, congenital rubella syndrome,
and mumps, summary recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm. Rep. 2013;2013(62):1-34.

[2] World Health Organization. Rubella vaccines: WHO position paper. Wkly
Epidemiol Rec 2011; 86: 301-16.

[3] World Health Organization. Measles vaccines: WHO position paper - April
2017. Wkly Epidemiol Rec 2017; 92: 205-27.

[4] World Health Organization. Mumps virus vaccines. Wkly Epidemiol Rec 2007;
82: 51-60.

[5] Hill HA, Elam-Evans LD, Yankey D, Singleton JA, Kang Y. Vaccination coverage
among children aged 19-35 months - United States, 2016. MMWR Morb
Mortal Wkly Rep 2017;66:1171-7.

[6] World Health Organization. Immunization, Vaccines and Biologicals. Data,
statistics and graphics. 2017. Accessed 24/01/2018. <http://www.who.int/
immunization/monitoring_surveillance/data/en/>.

[7] Phadke VK, Bednarczyk RA, Salmon DA, Omer SB. Association between vaccine
refusal and vaccine-preventable diseases in the United States: a review of
measles and pertussis. JAMA 2016;315:1149-58.

[8] Cardemil CV, Dahl RM, James L, Wannemuehler K, Gary HE, Shah M, et al.
Effectiveness of a third dose of MMR vaccine for mumps outbreak control. N
Engl ] Med 2017;377:947-56.

[9] Lo NC, Hotez PJ. Public health and economic consequences of vaccine hesitancy
for measles in the United States. JAMA Pediatr 2017;171:887-92.

[10] Colzani E, McDonald SA, Carrillo-Santisteve P, Busana MC, Lopalco P, Cassini A.
Impact of measles national vaccination coverage on burden of measles across
29 Member States of the European Union and European Economic Area, 2006-
2011. Vaccine 2014;32:1814-9.

[11] Gopakumar KG. Tackling mumps in a public health setting: loopholes in
disease surveillance. Public Health 2017;152:51-4.

[12] Indenbaum V, Hubschen JM, Stein-Zamir C, Mendelson E, Sofer D, Hindiyeh M,
et al. Ongoing mumps outbreak in Israel, January to August 2017. Euro Surveill
2017;22.

[13] European Medicines Agency. Priorix. Annex III: Summary of product
characteristics, labelling and package leaflet. 2012. Accessed 24/01/2018.
<http://www.ema.europa.eu/docs/en_GB/document_library/
Referrals_document/Priorix_30/WC500124199.pdf>.

[14] PATH Vaccine and Pharmaceutical Technologies Group. Summary of stability
data for licensed vaccines. 2012. Accessed 24/01/2018. <https://www.path.
org/publications/files/TS_vaccine_stability_table.pdf>.

[15] World Health Organization. Guidelines on stability evaluation of vaccines.
Biologicals 2009; 37: 424-34.

[16] Berry AA, Abu-Elyazeed R, Diaz-Perez C, Mufson MA, Harrison CJ, Leonardi M,
et al. Two-year antibody persistence in children vaccinated at 12-15 months
with a measles-mumps-rubella virus vaccine without human serum albumin.
Hum Vaccin Immunother 2017;13:1516-22.

[17] Newcombe RG. Interval estimation for the difference between independent
proportions: comparison of eleven methods. Stat Med 1998;17:873-90.

[18] Goh P, Lim FS, Han HH, Willems P. Safety and immunogenicity of early
vaccination with two doses of tetravalent measles-mumps-rubella-varicella
(MMRV) vaccine in healthy children from 9 months of age. Infection
2007;35:326-33.

[19] Lalwani S, Chatterjee S, Balasubramanian S, Bavdekar A, Mehta S, Datta S, et al.
Immunogenicity and safety of early vaccination with two doses of a combined
measles-mumps-rubella-varicella vaccine in healthy Indian children from 9
months of age: a phase III, randomised, non-inferiority trial. BM] Open 2015;5:
e007202.

[20] Schuster V, Otto W, Maurer L, Tcherepnine P, Pfletschinger U, Kindler K, et al.
Immunogenicity and safety assessments after one and two doses of a
refrigerator-stable tetravalent measles-mumps-rubella-varicella vaccine in
healthy children during the second year of life. Pediatr Infect Dis ]
2008;27:724-30.

[21] Mufson MA, Diaz C, Leonardi M, Harrison CJ, Grogg S, Carbayo A, et al. Safety
and immunogenicity of human serum albumin-free MMR Vaccine in US
children aged 12-15 months. ] Pediatric Infect Dis Soc 2015;4:339-48.

[22] Wellington K, Goa KL. Measles, mumps, rubella vaccine (Priorix; GSK-MMR): a
review of its use in the prevention of measles, mumps and rubella. Drugs
2003;63:2107-26.

[23] Pipkin PA, Afzal MA, Heath AB, Minor PD. Assay of humoral immunity to
mumps virus. J Virol Methods 1999;79:219-25.

[24] Rubin SA, Qi L, Audet SA, Sullivan B, Carbone KM, Bellini W], et al. Antibody
induced by immunization with the Jeryl Lynn mumps vaccine strain
effectively neutralizes a heterologous wild-type mumps virus associated
with a large outbreak. ] Infect Dis 2008;198:508-15.

[25] Mauldin ], Carbone K, Hsu H, Yolken R, Rubin S. Mumps virus-specific antibody
titers from pre-vaccine era sera: comparison of the plaque reduction
neutralization assay and enzyme immunoassays. ] Clin Microbiol
2005;43:4847-51.

[26] Gouma S, Ten Hulscher HI, Schurink-van’'t Klooster TM, de Melker HE, Boland
GJ, Kaaijk P, et al. Mumps-specific cross-neutralization by MMR vaccine-
induced antibodies predicts protection against mumps virus infection. Vaccine
2016;34:4166-71.

[27] Cortese MM, Barskey AE, Tegtmeier GE, Zhang C, Ngo L, Kyaw MH, et al.
Mumps antibody levels among students before a mumps outbreak: in search
of a correlate of immunity. ] Infect Dis 2011;204:1413-22.

[28] Latner DR, McGrew M, Williams NJ, Sowers SB, Bellini WJ, Hickman (J.
Estimates of mumps seroprevalence may be influenced by antibody specificity
and serologic method. Clin Vaccine Immunol 2014;21:286-97.

[29] Kumru OS, Joshi SB, Smith DE, Middaugh CR, Prusik T, Volkin DB. Vaccine
instability in the cold chain: mechanisms, analysis and formulation strategies.
Biologicals 2014;42:237-59.


http://refhub.elsevier.com/S0264-410X(18)31096-X/h0005
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0005
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0005
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0005
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0025
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0025
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0025
http://www.who.int/immunization/monitoring_surveillance/data/en/
http://www.who.int/immunization/monitoring_surveillance/data/en/
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0035
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0035
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0035
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0040
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0040
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0040
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0045
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0045
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0050
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0050
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0050
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0050
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0055
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0055
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0060
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0060
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0060
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Priorix_30/WC500124199.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Priorix_30/WC500124199.pdf
https://www.path.org/publications/files/TS_vaccine_stability_table.pdf
https://www.path.org/publications/files/TS_vaccine_stability_table.pdf
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0080
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0080
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0080
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0080
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0085
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0085
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0090
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0090
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0090
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0090
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0095
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0095
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0095
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0095
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0095
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0100
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0100
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0100
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0100
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0100
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0105
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0105
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0105
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0110
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0110
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0110
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0115
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0115
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0120
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0120
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0120
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0120
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0125
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0125
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0125
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0125
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0130
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0130
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0130
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0130
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0135
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0135
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0135
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0140
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0140
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0140
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0145
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0145
http://refhub.elsevier.com/S0264-410X(18)31096-X/h0145

	Immunogenicity and safety of measles-mumps-rubella vaccine at two different potency levels administered to healthy children aged 12–15&#x0202F;months: A phase III, randomized, non-inferiority trial
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Immunogenicity assessment
	2.3 Reactogenicity and safety assessments
	2.4 Statistical analyses

	3 Results
	3.1 Study participants
	3.2 Immunogenicity
	3.2.1 Non-inferiority of the immune response to MMR-RIT-Min/Med versus MMR II
	3.2.2 Immunogenicity after second MMR dose

	3.3 Reactogenicity and safety

	4 Discussion
	5 Trademark statement
	ack16
	Acknowledgements
	Contributors
	Conflict of interest
	Authors’ contributions
	Funding
	References


