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ABSTRACT
Vaccination against measles, mumps, rubella, and varicella is recommended for all children in the US.
Limitations manufacturing Oka/Merck strain varicella-zoster virus have hampered the availability of the
combination vaccine (MMRV) against these 4 viruses, which drove the need to investigate an alternative
manufacturing process. Healthy children 12-to-23 months of age at 71 US sites were randomized (1:1) to
receive MMRV manufactured using an alternative process (MMRVAMP) or the currently licensed MMRV.
Subjects received 2 0.5 mL doses 3 months apart. Sera were collected before and 6 weeks after Dose-1.
Adverse experiences (AEs) were collected for 42 d after each dose and serious AEs and events of special
interest for 180 d after Dose-2. Overall, 706 subjects were randomized to MMRVAMP and 706 to MMRV and
698 and 702 received at least 1 dose of study vaccine, respectively. The risk difference in response rates
and geometric mean concentrations of antibody to measles, mumps, rubella, and varicella viruses 6 weeks
after Dose-1 met non-inferiority criteria for MMRVAMP versus, MMRV. Response rates met acceptability
criteria for each virus, and the seroconversion rate to varicella-zoster virus was 99.5% in both groups.
Vaccine-related AEs were mostly mild-to-moderate in intensity and somewhat more common after
MMRVAMP. Febrile seizures occurred at similar rates in both groups during the first 42 d after each vaccine
dose. MMRVAMP is non-inferior to MMRV and represents an important advancement in maintaining an
adequate supply of vaccines against these diseases.
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Introduction

Vaccination against measles, mumps, rubella, and varicella is
recommended for all children in the United States (US).1 The
routine schedule published by the Advisory Committee on
Immunization Practices (ACIP) recommends measles, mumps,
and rubella vaccine (MMR; M-M-RTM II, Merck & Co., Inc.,
Kenilworth, NJ) and varicella vaccine (VAR; VarivaxTM, Merck
& Co., Inc., Kenilworth, NJ) at 12 to 15 months of age.1-3 Both
vaccines have been shown to be well tolerated, immunogenic,
efficacious, and highly effective in reducing the incidence of
measles, mumps, rubella, and varicella.4-16 In 2014, the esti-
mated coverage rates among US children 19 to 35 months of
age were 91.5% for MMR and 91.0% for VAR.17 Measles,
mumps, rubella, and varicella vaccine (MMRV; ProQuadTM,
Merck & Co., Inc., Kenilworth, NJ) is considered an option for
parents who prefer the combination2,3 (the American Academy
of Pediatrics [AAP] has no preference for MMR plus VAR vs.
MMRV for the first dose, as long as the parents are aware of
the slightly increased risk of febrile seizures with MMRV18). A
second dose of each vaccine is recommended at 4 to 6 y of age,
with MMRV being preferred by both ACIP and AAP.2-4

In general, use of combination vaccines can improve cover-
age rates and timeliness by decreasing the number of injections

that are due.19,20 However, the production and availability of
MMRV has been severely hampered by limitations in the sup-
ply of Oka/Merck strain varicella zoster virus (Oka/Merck-
VZV) bulk materials in the manufacturing process. The Oka/
Merck-VZV bulk material is not only used for MMRV produc-
tion but also for VAR and the herpes zoster (shingles) vaccine
(HZV; ZostavaxTM, Merck & Co., Inc., Kenilworth, NJ), both of
which are recommended for universal use (in children and
adults �60 years of age, respectively). Increased uptake of these
vaccines would put great pressure on the availability of the
VZV bulk vaccine for MMRV production.

An alternative manufacturing process (AMP) has been devel-
oped to increase the availability of Oka/Merck-VZV for use in vari-
cella-containing vaccines. This study (NCT01536405) evaluated
the safety, tolerability, and immunogenicity of a formulation of
MMRV that contains Oka/Merck-VZV manufactured using the
AMP (MMRVAMP) compared to the currently licensedMMRV.

Results

Subjects

Overall, 99.2% (1400/1412) of randomized subjects received
Dose-1 of study vaccine; and among subjects who received
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dose 1, 90.4% (1266/1400) received Dose-2 (Fig. 1). Approxi-
mately 84.3% of subjects completed the study (received both
doses, had all blood samples collected, and completed the 42-
day safety data after each vaccination). The primary immuno-
genicity analyses were based on the Per-Protocol population.
The Per-Protocol population was defined as subjects who
received 1 dose of MMRVAMP or MMRV according to their
vaccination group assignment, adhered to study instructions,
and provided serum samples within the appropriate day ranges.
The Per-Protocol population excluded subjects due to impor-
tant deviations from the protocol that substantially affected the
results of the primary immunogenicity endpoints. Therefore,
the primary evaluation for each antigen was based on subjects
in the Per-Protocol population who met the baseline antibody
requirement for that antigen. The most commonly cited reason

for exclusion was a missing blood sample after Dose-1. In gen-
eral, the number of subjects who were excluded from the per-
protocol analyses at each deviation category was comparable
between groups for each antigen. All subjects who received a
vaccine dose were included in the safety analysis.

The number of subjects who discontinued was evenly dis-
tributed across the two groups. The most common reasons for
discontinuation from the study were lost to follow-up (9.3%)
and withdrawal of consent (4.7%). Four subjects in each group
discontinued due to an AE.

Subjects across both groups were similar with respect to gen-
der, age, and race (Table 1). The distribution of baseline seros-
tatuses (>91% were initially seronegative for each virus) and
unknown baseline serostatuses were comparable between the 2
groups. Approximately 30% of subjects received any prior

Enrolled 
N = 1412 

Randomized MMRVAMP  
N = 706 

Randomized MMRV 
N = 706 

Dose-1 
N = 698a 

Dose-2 
N = 634 

Dose-1 
N = 702b 

Dose-2 
N = 632c 

Completed 
N = 595 (85.2%) 

Completed 
N = 595 (84.8%) 

Reason Discontinued 
AE = 4 

Lost to follow-up = 29 
Protocol deviation = 2 
Withdrew consent = 29 

Reason Discontinued 
AE = 4 

Lost to follow-up = 32 
Protocol deviation = 2 
Withdrew consent = 31 

Reason Discontinued 
AE = 0 

Lost to follow-up = 36 
Withdrew consent = 3 

Reason Discontinued 
AE = 0 

Lost to follow-up = 34 
Withdrew consent = 2 

Figure 1. Subject disposition. aNumber of subjects excluded from the per-protocol MMRVAMP postdose 1 immunogenicity analyses: Measles (69); Mumps (80); Rubella
(90); and Varicella (112). bNumber of subjects excluded from the per-protocol MMRV postdose 1 immunogenicity analyses: Measles (81); Mumps (92); Rubella (109); and
Varicella (114). cOne subject did not receive Dose 2, but was followed for 180 d postdose 1 and discontinued due to an AE (onset was Day 5 postdose 1) during the
extended safety follow-up but before study completion.
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medical therapy, the most common being acetaminophen
(6.5% before Dose-1, 7.3% before Dose-2) and ibuprofen (4.7%
before Dose-1, 7.0% before Dose-2). Use of acetaminophen
(35.6% after Dose-1, 24.4% after Dose-2) and ibuprofen (25.9%
after Dose-1, 19.7% after Dose-2) increased following adminis-
tration of each respective dose. The percentages of subjects
with any concomitant therapies were similar across both
vaccination groups.

Immunogenicity

A statistical analysis of the risk difference in the response rates
and GMCs to measles, mumps, rubella, and VZV between
groups in the Per-Protocol Population after Dose-1 can be
found in Table 2. The results demonstrate non-inferiority of
the response rate to each virus 6 weeks after Dose-1 in
MMRVAMP as compared to MMRV. Additionally, the non-
inferiority criterion regarding GMCs was met for measles,
mumps, rubella, and VZV. The acceptability criteria regarding

the response rate for each virus 6 weeks after Dose-1 was met
at p < 0.001 for each virus.

The VZV seroconversion rate was comparable between
groups, with 99.5% of both groups (individually and in total)
achieving seroconversion after Dose-1.

Safety

In subjects with safety follow-up, AEs were reported by 71.3%
of subjects after Dose-1 and 65.6% after Dose-2 (Table 3). The
number of subjects with vaccine-related AEs after Dose-1 was
statistically significantly higher in the MMRVAMP group than
in the MMRV group (risk difference [95% CI] of 6.3% [1.1%,
11.5%]).

Injection-site AEs ranged from 29.7% to 37.8% of partici-
pants, with the majority being mild to moderate in intensity
across both doses. From Days 1 to 5 after Dose-1, the
MMRVAMP group experienced statistically significantly
(p D 0.001) more injection-site erythema events than the
MMRV group (22.9% vs 15.8%; risk difference 7.0%, 95% CI
[2.9%, 11.2%]). No injection-site AE after Dose-1 was associ-
ated with a hospitalization or discontinuation from the study.

The most frequently reported systemic AE was pyrexia,
occurring in 23.5% of MMRVAMP subjects and 21.1% of
MMRV subjects after Dose-1, and in 14.5% of MMRVAMP sub-
jects and 17.6% of MMRV subjects after Dose-2. Subjects in the
MMRVAMP group did experience statistically significantly
more maculopapular rash events after Dose-1 than subjects in
the MMRV group (1.6% and 0.4 %, respectively; risk difference
1.2%, 95% CI [0.1%, 2.5%]). Of note, subjects in the MMRVAMP

group experienced marginally significantly more varicella-like
rash events after Dose-1 than subjects in the MMRV group (4
events and 0 events, respectively; p D 0.045).

Two (0.3%) subjects in the MMRVAMP group and 4 (0.6%)
subjects in the MMRV group discontinued from the study due
to an AE with event onsets during Days 1 to 42 after Dose-1.
One (0.1%) subject in the MMRVAMP group and 2 (0.3%)

Table 1. Demographics.

MMRVAMP (N D 706) MMRV (N D 706)

n (%) n (%)

Gender
Male 362 (51.3) 382 (54.1)
Female 344 (48.7) 324 (45.9)
Age (months)
Mean (SD) 13.4 (2.2) 13.6 (2.5)
Median 12.0 12.0
Range 12 to 23 12 to 23
Race
White 561 (79.5) 579 (82.0)
Black 93 (13.2) 78 (11.0)
Othery 52 (7.4) 49 (6.9)

yD Asian, multi-racial, Native American, Pacific Islander, or unknown.
ND Number of subjects randomized in the vaccination group.
nD Number of subjects in each category.
SDD Standard deviation.

Table 2. Summary of response rates and geometric mean concentrations (GMCs) after dose-1.

MMRVAMP (N D 698) MMRV (N D 702)

Antibody Parameter n Result n Result
Risk Differencey / GMT Ratioz

(95% CI)

Measles % �255 mIU/mL 629 96.7% 621 98.9% ¡2.2 (¡4.0, ¡0.6)
GMC 3426.5 3719.5 0.9 (0.8, 1.0)

Mumps % �10 mumps Ab units/mL 618 98.2% 610 97.2% 1.0 (¡0.7, 2.8)
GMC 112.1 114.0 1.0 (0.9, 1.1)

Rubella % �10 IU/mL 608 98.8% 593 99.3% ¡0.5 (¡1.8, 0.7)
GMC 81.8 80.7 1.0 (0.9, 1.1)

VZV % �5 gpELISA units/mL 586 97.3% 589 93.0% 4.2 (1.8, 6.8)
GMC 17.3 14.4 1.2 (1.1, 1.3)

yThe 2-sided 95% CI is calculated using the Miettinen and Nurminen unconditional asymptotic method. The conclusion of non-inferiority (similarity) is based on the lower
bound of the 2-sided 95% CI on the risk difference excluding a decrease equal to or more than the pre-specified criterion (5.0 percentage points for measles, mumps, and
rubella or 10.0 percentage points for VZV). This indicates that the difference is statistically significantly less than the pre-specified clinically relevant decrease of 5.0 or
10.0 percentage points in proportions at the 1-sided a D 0.025 level.
zThe 2-sided 95% CI is based on the natural log-transformed titers and the t-distribution. The conclusion of non-inferiority (similarity) is based on the lower bound of the
2-sided 95% CI on fold-difference, excluding a decrease of 1.5-fold or more. This indicates that fold difference is statistically significantly less than the pre-specified clini-
cally relevant decrease of 1.5-fold on fold difference at the 1-sided a D 0.025 level.
ND Number of subjects vaccinated in the vaccination group at Dose-1.
nD Number of subjects with seronegative antibody titer at baseline and postvaccination serology contributing to the per-protocol analysis.
Seronegative antibody titer - measles: <255 mIU/mL; mumps:<10 mumps Ab units/mL; rubella: <10 IU/mL; VZV: <1 .25 gpELISA units/mL.
VZVD varicella-zoster virus.
CID Confidence interval.
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subjects in the MMRV group experienced SAEs that were
judged by the investigators to be related to vaccination
(Table 4). No subject died during the study.

As shown in Table 5, the rate of fever (temperature
�102.2�F [�39.0�C] oral equivalent) in the MMRVAMP group
from 1 to 5 d after Dose-1 was non-inferior to that in the
MMRV group (6 events and 5 events, respectively; p < 0.001).
The average daily temperatures between both vaccination

groups were comparable, and neither group as a whole
recorded an average daily temperature that exceeded 102.2�F
(39.0�C) oral equivalent (Fig. 2). For both groups, the greatest
frequency of subjects with a temperature of >100.4�F occurred
6 to 11 d after vaccination (�19 subjects each day).

One (1) febrile seizure occurred in the MMRVAMP group
and 2 occurred in the MMRV group during the first 42 d after
Dose-1; these events occurred during the expected time period

Table 3. Adverse experience (AE) summary (days 1 to 42 following each vaccination).

MMRVAMP (N D 698) MMRV (N D 702)

Parameter n (%) n (%)

After Dose-1
Subjects with follow-up 682 682
With one or more AE 498 (73.0) 475 (69.6)
With vaccine-related� AEs 300 (44.0) 257 (37.7)
Injection-site AEsy 258 (37.8) 216 (31.7)
Systemic AEsy 81 (11.9) 71 (10.4)
With serious AEs 7 (1.0) 5 (0.7)
Serious vaccine-related AEs 1 (0.1) 2 (0.3)
Who diedz 0 (0.0) 0 (0.0)
Discontinued due to a serious vaccine-related AE 1x (0.1) 2║ (0.3)

After Dose-2
Subjects with follow-up 634 632
With one or more AE 412 (65.0) 419 (66.3)
With vaccine-related� AEs 245 (38.6) 218 (34.5)
Injection-site AEsy 227 (35.8) 188 (29.7)
Systemic AEsy 38 (6.0) 42 (6.6)
With serious AEs 2 (0.3) 2 (0.3)
Serious vaccine-related AEs 0 (0.0) 0 (0.0)
Who diedy 0 (0.0) 0 (0.0)
Discontinued due to a serious vaccine-related AE 0 (0.0) 0 (0.0)

�Determined by the investigator to be possibly, probably, or definitely related to the vaccine.
yIncludes those adverse experiences occurring with an overall incidence of 5% or more in the study population.
zNo Subject died throughout the course of this study.
xSubject was diagnosed with febrile convulsion and epilepticus (both severe intensity).
║Subjects were diagnosed with (1) febrile convulsion (moderate intensity); and (2) idiopathic arthritis (moderate intensity).
ND Number of subjects randomized and vaccinated in the vaccination group.
nD Number of subjects in each category.
The same subject may appear in different categories, but counted only once in each category.

Table 4. Serious adverse experience (SAE) listing.

SAE Age� (months) Dose Number Day of Onsety Vaccine Relationship

MMRVAMP

Staphylococcal abscessz 13 1 4 No
Febrile convulsionx Status epilepticusx 12 1 9 Yes
Gastroenteritis Metabolic acidosis Dehydration 18 1 14 No
Skull fracture 12 1 21 No
Subcutaneous abscess 15 1 32 No
RSV bronchiolitis Otitis media 13 1 36 No
Bronchiolitis 12 1 38 No
Febrile convulsion 12 2 28 No
Gastroenteritis 12 2 40 No
MMRV
Juvenile idiopathic arthritiszx 12 1 5 Yes
RSV infection 15 1 9 No
Febrile convulsionx 15 1 11 Yes
Asthma Lower respiratory tract infection 15 1 24 No
Bronchiolitis 13 1 33 No
Limb abscess 18 2 25 No
Subcutaneous abscess 12 2 38 No

�Age at first vaccination.
yRelative day of onset after dose.
zResolved with sequelae.
xDose-2 not administered.
RSV D respiratory syncytial virus.
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post-vaccination and were considered vaccine related. One (1)
febrile seizure that was not considered vaccine-related occurred
in a MMRVAMP subject 28 d after Dose-2. In total, 12 febrile
seizures (10 in the MMRVAMP group and 2 in the MMRV
group) occurred in 9 subjects (7 in the MMRVAMP group and 2
in the MMRV group). Three subjects in the MMRVAMP group
experienced 2 seizures each. All febrile seizure events resolved
without clinical sequelae.

Seven (7) subjects in the MMRVAMP group and 5 subjects in
the MMRV group experienced SAEs after Dose-1 of which 1 in
the MMRVAMP group and 2 in the MMRV group were deemed
by the investigator to be vaccine-related. Two (2) subjects in
the MMRVAMP group and 2 subjects in the MMRV group
experienced SAEs after Dose-2 of which none were deemed by
the investigator to be vaccine-related.

Discussion

This study demonstrates that the immunogenicity of the inves-
tigational MMRVAMP is non-inferior to the currently licensed
MMRV in healthy children 12 to 23 months of age, as evi-
denced by similar antibody response rates and GMCs to mea-
sles, mumps, rubella, and VZV 6 weeks after Dose-1. In
addition, MMRVAMP induced acceptable antibody responses
against all 4 viruses at this same time point. The vaccine was
well tolerated and had an adverse event profile that was compa-
rable to the licensed product. The rate of fever (temperature
�102.2�F [�39.0�C] oral equivalent) for MMRVAMP during
the first 5 d after vaccination was similar to the rate of MMRV,
and although the rate of injection-site adverse events (ery-
thema, pain/tenderness, and swelling) was higher for
MMRVAMP, these events were mostly mild in intensity, similar
in size (generally �1 inch), and did not result in hospitalization
or discontinuation from the study. It cannot be concluded from
this study whether the increased potency of the VZV bulk
material or the use of rHA instead of HSA or the combination
of both may have caused the increased injection-site related
AEs observed in the MMRVAMP group.

Febrile seizures occurred at similar rates in both groups dur-
ing the 42 d following each vaccine dose (this includes the

known high risk period for febrile seizures after Dose-1 of
MMRV, which is approximately 5 to 12 d after vaccina-
tion21,22). There were more febrile seizures outside of the pri-
mary safety follow-up period in the MMRVAMP group
compared to the MMRV group; none of these events, however,
were assessed by the investigators to be related to the vaccine.
Based on literature review, the incidence of febrile seizures in
the second year of life is reported to be 1 to 2 per 1000 children
per month in the general population (estimated prior to the
introduction of many of the vaccines in the current pediatric
schedule).23-29 In addition, the number of febrile seizures
observed in the MMRVAMP group is consistent with what
would be expected for children in this age range based on esti-
mates from incidence rates and times of follow-up. The
observed imbalance between groups in the numbers of first
occurrences of febrile seizures outside the primary safety period
is not likely to be related to any true incidence difference
between the groups.

Clinical AEs reported during the 42 d after Dose-2 were gen-
erally comparable between the 2 vaccination groups in terms of
the incidence rates of adverse events overall, systemic AEs, and
SAEs. During the extended safety follow-up period, the inci-
dence rates of SAEs, medically attended AEs, and new or wors-
ening chronic medical conditions that did not meet the
definition of a SAE were similar.

The strength of this study is that it was adequately powered,
well controlled, and over 85% of subjects completed the
required follow-up. A limitation of this study was that the
parental completion of a diary card for 42 d after each vaccina-
tion may have resulted in reporting fatigue over time. Another
limitation of this study was that serum samples were not col-
lected 6 weeks after Dose-2. This was done in order to facilitate
enrollment. As a result it is not possible to compare the anti-
body response between the two groups after Dose-2.

The immunization programs in the US for measles, mumps,
rubella, and varicella have been remarkably successful. Indigenous
rubella30 andmeasles31 have been eliminated, although some recent
outbreaks have occured.32 Mumps and varicella are well con-
trolled.33 Consolidating and maintaining these successes depend
on maintaining an adequate supply of vaccines, and MMRVAMP

Table 5. Analysis of rates of fever by day range between vaccination groups - postdose 1 (all subjects as treated population).

MMRVAMP MMRV Risk Difference
Day Range N D 698 ND 702 (95% CI) p-value

Days 1–5 Number of Subjects 665 658
Subjects with Temperature Follow-Up 645 648
Max Temp (oral equivalent): �102 .2 �F [�39 .0�C] 6 (0.9%) 5 (0.8%) 0.2 (¡1.0, 1.3)y <0.001y

Days 1–15 Number of Subjects 665 658
Subjects with Temperature Follow-Up 647 648
Max Temp (oral equivalent): �102 .2 �F [�39 .0�C] 42 (6.5%) 42 (6.5%) 0.0 (¡2.7, 2.7)z 0.994z

Days 6–13 Number of Subjects 665 658
Subjects with Temperature Follow-Up 643 646
Max Temp (oral equivalent): �102 .2 �F [�39 .0�C] 38 (5.9%) 37 (5.7%) 0.2 (¡2.4, 2.8)z 0.889z

Days 1–42 Number of Subjects 665 658
Subjects with Temperature Follow-Up 650 649
Max Temp (oral equivalent): �102 .2 �F [�39 .0�C] 65 (10.0%) 69 (10.6%) ¡0.6 (¡4.0, 2.7)z 0.708z

yThe 2-sided 95% CI is calculated using the Miettinen and Nurminen unconditional asymptotic method. The conclusion of non-inferiority (similarity) is based on the upper
bound of the 2-sided 95% CI on the risk difference excluding an increase of the prespecified criterion (5.0 percentage points) or more. This indicates that the difference is
statistically significantly less than the prespecified clinically relevant increase of 5.0 percentage points in proportion at the 1-sided a D 0.025 level.
zRisk differences and confidence intervals are based on the pooled incidence rates across all study centers. Corresponding p-values are calculated based on a test of differ-
ence between 2 incidence rates.
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represents an important step in that direction.MMRVAMPmeasles,
mumps, and rubella antibody responses are consistent with pub-
lished results for MMRV vaccine and MMRVAMP VZV antibody
responses are somewhat higher than previously reported. The
safety profile of MMRVAMP is consistent with published results for
MMRV vaccine, however injection-site reactions appear to be
somewhat higher than previously reported.34-38

Methods

Design

This was a randomized, double-blind (subject, investigator,
sponsor, and laboratory) clinical trial conducted in 71 sites
within the US from June 2012 to January 2014. The proto-
col was approved by the ethical review committee of each

Figure 2. Average daily temperature (�F) days 1 to 42.
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site and conducted in conformance with applicable local
requirements.

Subjects

Healthy children 12 to 23 months of age with a negative
history for measles, mumps, rubella, and varicella and with-
out prior immunization against these diseases were eligible
for the study. Exclusion criteria included receipt of any
inactivated vaccine within 14 days, or any live vaccine
within 30 days, prior to study entry; history of seizure dis-
order; febrile illness within 72 hours prior to study entry;
or any congenital or acquired immune deficiency, neoplastic
disease, or immunosuppression.

Subjects were allocated to a vaccination group using a ran-
domized schedule generated by the study statistician. Subjects
were randomized to receive either two 0.5 ml subcutaneous
doses of MMRVAMP 3 months apart or two 0.5 ml subcutane-
ous doses of MMRV 3 months apart. The study was designed
to have approximately 1400 subjects randomized in a 1:1 ratio
to either one of the two groups. Based on approximately 700
subjects per group, and with an expected evaluability rate of
90%, the study provided 89.8% power across the primary
immunogenicity hypotheses.

Vaccines

The supply of VZV bulk materials is the limiting factor for
the production of MMRV. To obtain higher potency VZV
bulk for use in MMRV, a modification was made to the
Oka/Merck-VZV manufacturing process. The modification
involves the introduction of an additional processing step to
the upstream harvesting process, which provides higher
potency bulk vaccine for use in MMRV. In addition, recom-
binant human albumin is used in the AMP. While the AMP
provides higher potency bulk vaccine for use in the manu-
facture of MMRV this higher potency bulk vaccine is
diluted in the manufacture of MMRV, such that the final
product meets established quality specifications. Oka/
Merck-VZV produced via this process and combined with
MMR is referred to as MMRVAMP in this publication. Both
MMRVAMP and MMRV are live, attenuated, lyophilized
vaccines for the prevention of measles, mumps, rubella, and
varicella in children 12 months through 12 y of age. They
are indistinguishable in appearance. Both vaccines were
packaged in single-dose glass vials with a multilingual book-
let label and stored at 2� to 8�C.

Immunogenicity

Serum samples collected before and 6 weeks after Dose-1 were
tested for concentrations of measles, mumps, rubella, and vari-
cella. Antibody titers for measles, mumps, and rubella were
evaluated by enzyme-linked immunosorbent assay (ELISA)
methods, and antibody titers for varicella were evaluated by
glycoprotein ELISA (gpELISA) methods.39-41 Immunogenicity
was evaluated by response rates at each time point and geomet-
ric mean concentrations (GMCs) of antibodies to each virus

were evaluated 6 weeks after Dose-1. Serum samples were not
collected 6 weeks after Dose-2 for antibody measurement.

The primary immunogenicity objectives were: (1) to demon-
strate that MMRVAMP induces measles, mumps, rubella, and
VZV antibody response rates that are non-inferior to those
induced by MMRV 6 weeks after Dose-1; (2) to demonstrate
that GMCs of measles, mumps, rubella, and VZV antibodies in
subjects who received MMRVAMP are non-inferior 6 weeks
after Dose-1 to those in subjects who received MMRV; and (3)
to demonstrate that MMRVAMP induces acceptable measles,
mumps, rubella, and VZV antibody response rates 6 weeks
after Dose-1. Response rates were defined as follows:

Measles: percent of subjects with measles antibody concentration
255 mIU/mL 6 weeks after Dose-1 among subjects whose baseline
concentration was (<255 mIU/mL)

Mumps: percent of subjects with mumps antibody concentration 10
mumps antibody units/mL 6 weeks after Dose-1 among subjects
whose baseline concentration was <10 mumps antibody units/mL

Rubella: percent of subjects with rubella antibody concentration 10
IU/mL 6 weeks after Dose-1 among subjects whose baseline con-
centration was <10 IU/mL

VZV: percent of subjects with VZV antibody concentration 5 gpE-
LISA units/mL 6 weeks after Dose-1 among subjects whose baseline
concentration was <1.25 gpELISA units/mL

Non-inferiority for antibody response rate was defined as
follows. For measles, mumps, and rubella, the lower bound of
the 2-sided 95% confidence interval (CI) on the risk difference
had to be >¡5%. For VZV, the lower bound of the 2-sided
95% CI on the risk difference had to be >¡10%.

Non-inferiority for GMCs was defined as follows. For each
antigen, the lower bound of the 2-sided 95% CI for each GMC
ratio (MMRVAMP/MMRV) had to be >0.67.

Acceptability of antibody response rates was defined as fol-
lows. For measles, mumps, and rubella, the lower bound of the
2-sided 95% CI for each antibody response rate had to be
>90.0%. For VZV, the lower bound of the 2-sided 95% CI had
to be >76.0%.

The seroconversion rate for VZV, defined as the percentage
of subjects with baseline VZV concentration <1.25 gpELISA
units/mL who have a concentration of �1.25 gpELISA units/
mL after Dose-1, was an exploratory endpoint.

Safety

The primary safety objective was to demonstrate that the rate of
fever (temperature �102.2¢F [�39.0¢C] oral equivalent) Days 1
to 5 following Dose-1 of MMRVAMP is non-inferior to that fol-
lowing Dose-1 of MMRV. A secondary safety objective was to
assess the overall safety and tolerability of MMRVAMP when
administered to children 12 to 23 months of age.

Subjects were followed for 42 d following each dose. Parents/
guardians recorded daily axillary temperatures and any injec-
tion-site or systemic adverse experiences (AEs) using a vaccina-
tion report card (VRC). All subjects were followed for serious
AEs (SAEs) and febrile seizures (an event of special clinical
interest which required it to be reported to the sponsor within
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24 hours of the investigator being made aware of the event)
from the time of enrollment through 180 d after Dose-2. At
that time, a scripted questionnaire was used during a phone
call to determine if any SAEs, medically-attended AEs, and new
or worsening chronic medical conditions (not meeting the defi-
nition of SAE) had occurred since the 42-day safety follow-up
period after Dose-2. Subjects were also instructed to call the
study site immediately for an event that could potentially be an
SAE at any time from the signing of the consent form to 180 d
after Dose-2 of study vaccine.
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