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Introduction

VAQTA™ [hepatitis A vaccine, inactivated (HAV); Merck 
Sharp and Dohme Corp.] is licensed for immunization against 
disease caused by hepatitis A virus in persons 12 mo of age and 
older.1 Two (2) doses of the vaccine, administered 6 to 18 mo 
apart, are recommended.2 Clinical trials conducted worldwide 
have demonstrated that HAV is efficacious, immunogenic and 
well tolerated.1,3-7

ProQuad™ [measles, mumps, rubella and varicella vaccine 
live (MMRV vaccine); Merck Sharp and Dohme Corp.] is a 

This open-label, multicenter, randomized, comparative study evaluated immunogenicity, safety and tolerability of 
concomitant (Group 1; n = 330) vs. non-concomitant (Group 2; n = 323) VAQTA™ (25 U/0.5 mL) (hepatitis A vaccine; HAV) 
with ProQuad™ (measles/mumps/rubella/varicella; MMRV) and Prevnar™ (7-valent pneumococcal; PCV-7) in healthy, 12–
23 mo old children. Group 1 received HAV/MMRV/PCV-7 concomitantly on Day 1 and second doses of HAV/MMRV at Week 
24. Group 2 received MMRV/PCV-7 on Day 1, HAV at Weeks 6 and 30 and MMRV at Week 34. Hepatitis A seropositivity rate 
(SPR: ≥ 10 mIU/mL; 4 weeks postdose 2), varicella zoster-virus (VZV) SPR (≥ 5 gpELISA units/mL) and geometric mean titers 
(GMT) to S. pneumoniae were examined. Injection-site and systemic adverse experiences (AEs) and daily temperatures 
were collected. Hepatitis A SPR were 100% for Group 1 and 99.4% for Group 2 after two HAV doses; risk difference = 0.7 
(95% CI: −1.4, 3.8, non-inferior) regardless of initial serostatus. VZV SPR was 93.3% for Group 1 and 98.3% for Group 2; 
risk difference = −5.1 (95% CI: −9.3, −1.4; non-inferior). S. pneumoniae GMT fold-difference (7 serotypes) ranged from 0.9 
to 1.1; non-inferior. No statistically significant differences in the incidence of individual AEs were seen when HAV was 
administered concomitantly vs. non-concomitantly. Three (all Group 2 post-administration of MMRV/PCV-7) of 11 serious 
AEs were considered possibly vaccine-related: dehydration and gastroenteritis (same subject) on Day 52; febrile seizure 
on Day 9. No deaths were reported. Antibody responses to each vaccine given concomitantly were non-inferior to HAV 
given non-concomitantly with MMRV and PCV-7. Administration of HAV with PCV-7 and MMRV had an acceptable safety 
profile in 12- to 23-mo-old children.
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quadrivalent vaccine licensed for immunization against measles, 
mumps, rubella and varicella.8 The vaccine has been found to be 
well tolerated and highly immunogenic against measles, mumps, 
rubella and varicella-zoster virus (VZV). A 2-dose regimen of 
varicella vaccine has been shown to reduce the incidence of vari-
cella breakthrough illnesses when compared with administration 
of a single dose.9

Prevnar™ [pneumococcal 7-valent conjugate vaccine, 
Diphtheria CRM

197
 Protein (PCV-7 vaccine); Pfizer Inc.] is indi-

cated for active immunization of infants and toddlers against 
invasive disease caused by Streptococcus pneumoniae,10 which 
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99.4% (158/159) for Group 2 (Table 2), with a risk difference 
between groups of 0.7 [95% confidence interval (CI): −1.4, 3.8] 
meeting the pre-specified criteria for demonstrating non-infe-
riority (lower bound of 95% CI > −10.0) (Table 3). Also, for 
the full analysis set the observed SPR in Group 1 was 99.6% 
[250/251, 95% CI (98.5%, 100.0%)], and 99.1% [224/226, 
95% CI (97.5%, 100.0%)] in Group 2. The results of the full 
analysis population were comparable to those of the per-protocol 
population.

The observed VZV antibody response rate [percent with titer 
≥5 glycoprotein enzyme-linked immunosorbent assay (gpELISA) 
units/mL] in the per-protocol population was 93.3% for Group 
1 and 98.3% for Group 2 (Table 2), with a risk difference in 
the seroprotection rates (SPRs) between groups of −5.1 (95% CI: 
−9.3, −1.4) meeting the pre-specified criteria for demonstrating 
non-inferiority (lower bound of CI > −10.0). Also, for the full 
analysis set the observed rate of subjects with a titer ≥ 5 gpELISA 
units/mL in Group 1 was 94.0% [252/268, 95% CI (90.5%, 
96.5%)] and was 97.7% [254/260, 95% CI (95.0%, 99.1%)] in 
Group 2. The results of the full analysis population appeared 
comparable to those of the per-protocol population.

The fold-difference in geometric mean titers (GMTs) between 
the 2 groups for each of the 7 S. pneumoniae serotypes ranged 
from 0.9 to 1.1, with the 2-sided 95% CI on each of the fold-
differences in GMTs excluded a decrease of ≥ 2-fold (all lower 
bounds of CIs > 0.5-fold), thereby demonstrating non-inferiority 
between the 2 groups for all 7 serotypes. Also, the results of sub-
jects in the full analysis population appeared comparable to the 
results observed for the per-protocol population.

Safety. The number and proportion of subjects reporting clin-
ical AEs during the 14 d following any dose of HAV is summa-
rized in Table 3. Group 2 (60.1%) reported a lower proportion 
of clinical AEs than Group 1 (70.0%); similarly, a numerically 
lower rate of systemic AEs was observed in Group 2 (46.5%) 
compared with Group 1 (61.8%). There were no statistically sig-
nificant differences detected between the vaccination groups for 
any of the vaccination report card (VRC)-prompted injection-
site AEs Postdose 1 or Postdose 2 of HAV, nor between any of the 
prespecified systemic or injection-site AE parameters during the 
42-d combined safety follow-up period following Visits 1 and 2 
(data not shown).

The most common systemic AEs following any vaccination 
were pyrexia (40.0% in Group 1 and 44.0% in Group 2), upper 
respiratory tract infection (11.8% in Group 1 and 9.0% in Group 
2), and otitis media (9.1% in Group 1 and 9.6% in Group 2). 
The most common vaccine-related systemic AEs following any 
vaccination were pyrexia (25.8% in Group 1 and 28.8% in 
Group 2) and irritability (4.5% in Group 1 and 7.1% in Group 
2). Based on the 95% CI for the risk difference, there were no 
statistically significant differences detected between the groups 
for any of the systemic AEs.

Serious AEs were reported by two subjects (0.6%) in Group 
1 (cellulitis and perineal abscess; pneumonia) and six (1.9%) in 
Group 2 (bronchopneumonia; febrile convulsion; dehydration 
and gastroenteritis; gastrointestinal hemorrhage; gastroenteritis 
and dehydration; genital abscess) during the 28 d following any 

remains a leading cause of serious illness among young children 
worldwide and is the most frequent cause of pneumonia, bac-
teremia, sinusitis and acute otitis media.11 PCV-7 and the more 
recently approved PCV-13 (pneumococcal 13-valent conjugate 
vaccine; Pfizer, Inc.) are recommended as a 4-dose series at 2, 4, 
and 6 y and 12–15 mo of age.11

The Advisory Committee on Immunization Practices, the 
American Academy of Family Physicians, and the American 
Academy of Pediatrics recommend that children between the 
ages of 12 and 23 mo receive vaccines with antigens including 
hepatitis B, diphtheria, tetanus, pertussis, Hemophilus influenzae 
b (Hib), polio, S. pneumoniae, measles, mumps, rubella and vari-
cella.12 HAV administered to children 12 to 23 mo of age would 
likely be given concomitantly with one or more of the vaccines 
recommended by these recommending bodies.

This study was conducted to evaluate the immunogenicity 
and safety of HAV and concomitantly administered MMRV and 
pneumococcal conjugate (PCV-7) vaccines in children 12 to 23 
mo of age.

Results

Participant accounting and demographics. Subjects in both vac-
cination groups were generally similar across baseline character-
istics (Table 1). The mean age at enrollment was just over 12 mo 
for both groups. The study groups were balanced in race/ethnic-
ity; the largest percentage of participants overall was reported as 
Caucasian (60.3%). Similar proportions of subjects in Group 1 
and Group 2 completed the study (Fig. 1). The most common 
categories for subjects discontinued were lost to follow-up (66 
subjects, 10.1%) and withdrawal of consent (40 subjects, 6.1%).

Immunogenicity. In the per-protocol population, the observed 
SPR to hepatitis A rates were 100% (182/182) for Group 1 and 

Table 1. Demographics of study subjects

Group 1

(Concomitant)

Group 2

(Non-Concomitant)

(n = 330) (n = 323)

n (%) n (%)

Gender

Male 174 (52.7) 157 (48.6)

Female 156 (47.3) 166 (51.4)

Age (months)

Mean [SD] 12.4 [0.80] 12.5 [0.86]

Median 12 12

Range 12 to 15 12 to 16

Race

White 206 (62.4) 188 (58.2)

Black 69 (20.9) 72 (22.3)

Hispanic 33 (10.0) 29 (9.0)

Other 22 (6.7) 34 (10.5)

N, number of subjects randomized in the vaccination group; n, number 
of subjects in each category.
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−6.1, 0.1); p = 0.059], and varicella-like rashes were observed in 
6 (1.8%) subjects in Group 1 and 9 (2.8%) subjects in Group 2 
[risk difference: −1.0 (95% CI: −3.6, 1.5); p = 0.409]. All other 
vaccine-associated rashes and mumps-like symptoms occurred in 
< 1% of the population in each vaccination group. There were no 
reported mumps-like or zoster-like rashes. Based on the 95% CI 
for the risk difference, there were no statistically significant dif-
ferences between the 2 groups.

Discussion

Multiple vaccines for children between the ages of 12 mo and 
two years of age are recommended by public health authorities 
and professional medical societies.12 Among these recommenda-
tions is protection against hepatitis A, measles, mumps, rubella, 
varicella and S. pneumoniae. To comply with the recommended 
immunization schedules, it will be necessary to administer many 
of these vaccines simultaneously at different body sites. Assessing 
that no untoward vaccine interactions are encountered is a critical 
element in any vaccine program where more than one vaccine is 
administered at the same visit. This study was designed to deter-
mine if a difference would be detected in the antibody response 

vaccination. Only one subject, in Group 2, discontinued from 
the study (postdose 2 of HAV) due to a clinical AE: gastroin-
testinal hemorrhage that the investigator considered to be a seri-
ous AE of severe intensity which was definitely not related to the 
study vaccination, and which subsequently resolved. Three of 11 
serious AEs (all Group 2 post-administration of MMRV/PCV-7) 
were considered possibly vaccine-related: dehydration and gastro-
enteritis (same subject) on Day 52; febrile seizure on Day 9. No 
subjects died during the study.

Overall, 155 (52.5%) subjects in Group 1 and 162 (56.6%) 
subjects in Group 2 reported maximum temperatures of ≥ 
100.4°F (≥ 38.0°C) during the 42-d combined safety follow-up 
period. Additionally, 65 (22.0%) of subjects in Group 1 and 57 
(19.9%) of subjects in Group 2 reported temperatures ≥ 102.2°F 
(≥ 39.0°C). Based on the 2.1% risk difference (95% CI: −4.6, 
8.7) and the associated 0.534 p-value, there was no statistically 
significant difference in the incidence of elevated temperatures ≥ 
102.2°F (≥ 39.0°C) between the 2 groups.

Of the vaccine-associated rashes and mumps-like symptoms, 
reported by study subjects during 42 d of follow-up, measles-
like rashes were observed in 8 (2.4%) subjects in Group 1 and 
17 (5.3%) subjects in Group 2 [risk difference: −2.8 (95% CI: 

Figure 1. Subject accounting.
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2 doses of HAV administered alone or concomitantly MMRV 
and PCV-7 vaccines were consistent with prior studies of these 
vaccines.1,13

The limitations in this study included (1) this was an open-
label study, (2) only Prevnar-7 was available (not Prevnar-13) 
and (3) immunogenicity results after MMRV dose 1 only are 
available.

Materials and Methods

Study design. This study evaluated the immunogenicity, safety 
and tolerability of the concomitant administration of HAV with 
MMRV and PCV-7 vaccines vs. the administration of HAV non-
concomitantly with MMRV and PCV-7 vaccines in healthy chil-
dren 12 to 15 mo of age at the time of enrollment. From April 
2006 to March 2008, this open-label, multicenter, randomized, 
comparative clinical trial was conducted across 39 sites in the 
United States.

Study subjects were randomly assigned to concomitant 
(Group 1) or non-concomitant (Group 2; control) study groups 
in a 1:1 ratio (Table 4). Subjects in Group 1 received the first 
dose of HAV, the first dose of MMRV vaccine and the fourth 
dose of PCV-7 vaccine concomitantly at separate injection sites 
on Day 1 (12 to 15 mo of age). Group 1 subjects received the 
second doses of HAV and MMRV vaccines at Week 24 or later 
(approximately 18 to 21 mo of age, depending on their age of 

of individual vaccine components among healthy children 12 
to 23 mo of age with a negative clinical history of hepatitis A 
and varicella/zoster who received HAV administered concomi-
tantly or non-concomitantly with MMRV and PCV-7 vaccines. 
We found that antibody response to hepatitis A, varicella and 
all seven components of the pneumococcal conjugate vaccine 
were similar (non-inferior) whether or not HAV was given alone 
or concomitant with PCV-7 and MMRV. The hepatitis A SPR 
rates were nearly identical (99.6% and 100%, respectively, for 
concomitant and non-concomitant groups). While numerically 
higher GMTs were noted in the non-concomitant groups, the 
difference is not clinically relevant because the confidence inter-
vals overlapped and the GMTs observed (4,976.6 and 6,123.2 
mIU/mL) were several orders of magnitude higher than the sero-
positivity level (10 mIU/mL).

We further attempted to determine if concomitant vs. non-
concomitant administration of these vaccines would result in a 
difference in AEs or in a different safety profile. We found no 
statistically significant differences in the incidence of individual 
AEs among the children in the two vaccine groups in this study. 
Administration of two doses of HAV concomitantly or non-
concomitantly with MMRV and PCV-7 vaccines displayed an 
acceptable safety profile. Rates of reported systemic and injec-
tion-site AEs and elevated temperatures appeared consistent with 
prior experience following two doses of HAV. The types of vac-
cine-related AEs (e.g., pyrexia and irritability) reported following 

Table 2. Hepatitis A, VZV, and S. pneumoniae antibody responses (per-protocol population) among study subjects

Parameter

Group 1 Group 2 Estimated risk 
difference or fold 

differencea P valueb

(Concomitant) (Non-concomitant)

n = 330 n = 323

n
Observed 
response

(95% CI) n
Observed 
response

(95% CI) (95% CI)

Hepatitis A SPR and GMT at 4 weeks postdose 2 with HAV

SPR (≥ 10 mIU/mL) 182 100% (98.0, 100) 159 99.40% (96.5, 100) 0.7 (−1.4, 3.8) < 0.001

GMT 182 4976.6 (4067.6, 6088.6) 159 6123.2 (4825.6, 7769.7) not calculated

VZV antibody response rate and GMT at 6 weeks postdose 1 with MMRV

≥ 5 gpELISA units/
mL

225 93.30% (89.2, 96.2) 232 98.30% (95.6, 99.5)
−5.1 (−9.3, −1.4) 0.013

GMT 225 14.6 (13.3, 16.1) 232 16.4 (15.1, 17.7) not calculated

S. pneumoniae antibody responses and GMT at 6 weeks post PCV-7

Type 4 GMT 246 1.8 (1.6, 2.1) 247 1.6 (1.4, 1.8) 1.1 (0.9, 1.3) < 0.001

Type 6B GMT 246 9.5 (8.3, 11.1) 246 9.6 (8.5, 10.8) 1.0 (0.8, 1.2) < 0.001

Type 9V GMT 247 3.7 (3.2, 4.2) 247 4.1 (3.7, 4.7) 0.9 (0.8, 1.0) < 0.001

Type 14 GMT 248 7.7 (6.8, 8.8) 247 7.4 (6.5, 8.4) 1.0 (0.9, 1.2) < 0.001

Type 18C GMT 247 2.9 (2.6, 3.3) 247 2.6 (2.3, 3.0) 1.1 (0.9, 1.3) < 0.001

Type 19F GMT 248 4 (3.5, 4.5) 248 3.8 (3.3, 4.3) 1.1 (0.9, 1.2) < 0.001

Type 23F GMT 247 4.9 (4.3, 5.6) 247 4.5 (3.9, 5.1) 1.1 (1.0, 1.3) <0.001

N, Number of subjects randomized and vaccinated in each group; n, Number of subjects contributing analysis; CI, Confidence interval; SPR, Seroposi-
tivity Rate; SPR, seroprotection rate; GMT, geometric mean titer; gpELISA, glycoprotein enzyme-linked immunosorbent assay; VZV, varicella-zoster 
virus; HAV, hepatitis A vaccine; aEstimated risk differences and fold differences were calculated based on a statistical analysis model adjusting for study 
center; bComputed based on a similarity (non-inferiority) test to rule out a decrease of ≥ 10 percentage points (for risk differences) or 2-fold (for fold-
difference).
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administered as a 4-dose series at 2, 4, and 6 y and 12–15 mo of 
age and was supplied as one 0.5-mL dose per vial. PCV-7 vaccine 
was used as supplied; no reconstitution was necessary.

Measures. Immunogenicity. A 5-mL blood sample was drawn 
from all subjects immediately prior to vaccination on Day 1 and 
at Week 6 (Table 4). A 5-mL blood sample was drawn from sub-
jects at ≥ Week 28 for Group 1 and ≥ Week 34 for Group 2. Day 
1 blood samples were mandatory for enrollment. Serum samples 
from the Day 1 blood draws were tested for antibody to hepatitis 
A in Group 1, and antibodies to all 7 S. pneumoniae serotypes 
and VZV in Groups 1 and 2. Postvaccination serum samples at 
Week 6 were tested for antibody to hepatitis A in Group 2, and 
antibodies to S. pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F, 
and 23F and VZV for Groups 1 and 2. Varicella was the only 
component of MMRV vaccine that was tested, since the con-
comitant administration of M-M-R™II (Measles, Mumps and 
Rubella Virus Vaccine Live; Merck Sharp and Dohme Corp.) and 
HAV had been previously demonstrated.1,13,14 Postvaccination 
serum samples at ≥ Week 28 and ≥ Week 34 were tested for 
antibody to hepatitis A following the administration of 2 doses 
of HAV for Groups 1 and 2, respectively. Antibody responses to 
all antigens of interest were evaluated by an appropriately sensi-
tive and reliable method [HAVK enzyme immunoassay (EIA) 
for anti-HAV, gpELISA for anti-VZV and an enzyme-linked 
immunosorbent assay (ELISA) for antibodies to the 7 serotypes 
of S. pneumoniae].

their first vaccinations). Subjects in Group 2 received the first 
dose of MMRV vaccine and the fourth dose of PCV-7 vaccine on 
Day 1 and the first dose of HAV at Week 6. Subjects in Group 
2 received a second dose of HAV at Week 30 or later (approxi-
mately 19.5 mo of age) and a second dose of MMRV vaccine at 
Week 34 or later (approximately 20.5 mo of age). Subjects in 
both study groups received the second dose of HAV at least 24 
weeks after the first dose. Group 2 was the control group for the 
antibody responses to hepatitis A, VZV and the 7 S. pneumoniae 
types.

Study objectives. The study objectives were (1) to demon-
strate that the first dose of HAV can be administered concomi-
tantly with MMRV and PCV-7 vaccines and the second dose 
of HAV can be administered concomitantly with a second dose 
of MMRV vaccine without impairing the antibody response 
to hepatitis A; (2) to demonstrate that HAV can be adminis-
tered concomitantly with MMRV and PCV-7 vaccines without 
impairing the antibody response to the VZV antigen in MMRV 
vaccine; (3) to demonstrate that HAV can be administered con-
comitantly with MMRV and PCV-7 vaccines without impairing 
the antibody responses to Streptococcus pneumoniae types 4, 6B, 
9V, 14, 18C, 19F, and 23F; and (4) to demonstrate that HAV 
administered concomitantly with MMRV and PCV-7 vaccines is 
generally well tolerated.

Study population. Healthy children between 12 and 15 mo 
of age with no clinical history of hepatitis A, measles, mumps, 
rubella, varicella and/or zoster, who received three prior doses of 
PCV-7 were included, but subjects with prior HAV or measles-, 
mumps-, rubella- or varicella-containing vaccines were excluded. 
Other key exclusion criteria included immune impairment or 
deficiency, neoplastic disease or depressed immunity including 
those resulting from corticosteroid use, and history of allergy or 
anaphylactoid reaction to any component of the vaccines. The 
protocol was conducted in accordance with principles of Good 
Clinical Practice, approved by the Ethical Review Committee 
of each participating site, and written informed consent was 
obtained from each subject’s parent/legal guardian prior to study 
entry.

Vaccine descriptions. HAV is indicated for immunization 
against disease caused by hepatitis A virus in persons 1 y of age or 
older. Each 0.5 mL dose of HAV contains approximately 25 U of 
hepatitis A virus antigen adsorbed onto approximately 0.225 mg 
of aluminum, provided as amorphous aluminum hydroxyphos-
phate sulfate, and 35 μg of sodium borate as a pH stabilizer, in 
0.9% sodium chloride. HAV was used as supplied; no reconstitu-
tion was necessary.

MMRV vaccine is indicated for vaccination against measles, 
mumps, rubella, and varicella in children 12 mo to 12 y of age. 
MMRV vaccine is a sterile, lyophilized, preservative-free, frozen, 
live virus vaccine supplied in 3.0-mL single-dose glass vials con-
taining the required dosage for subcutaneous injection. Sterile 
diluent was supplied to reconstitute MMRV vaccine.

PCV-7 vaccine is indicated for active immunization of infants 
and toddlers against invasive pneumococcal disease. PCV-7 
vaccine is a heptavalent, conjugated vaccine targeting S. pneu-
moniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F. The vaccine is 

Table 3. Adverse experience summary of two doses of HAV (days 1–14 
after any dose of HAV)

Group 1

(Concomitant)

Group 2

(Non-concomitant)

(n = 330) (n = 323)

n (%) n (%)

Subjects with follow-up 330  (100) 286 (100)

With one or more AE 231 (70.0) 172 (60.1)

Injection-site AEs† 105 (31.8) 95 (33.2)

Systemic AEs 204 (61.8) 133 (46.5)

With vaccine-related AEs 183 (55.5) 122 (42.7)

Injection-site AEs† 104 (31.5) 95 (33.2)

Systemic AE† 123 (37.3) 51 (17.8)

With serious AEs 2 (0.6) 4 (1.4)

Serious vaccine-related AEs 0 0.0 1 (0.3)

Who died 0 0.0 0 0.0

Discontinued due to AE 0 0.0 1 (0.3)

Discontinued due to vaccine-
related AE

0 0.0 0 0.0

Discontinued due to serious AE 0 0.0 1 (0.3)

Discontinued due to serious 
vaccine-related AE

0 0.0 0 0.0

N, Number of subjects randomized and vaccinated in the vaccination 
group; n, Number of subjects in each category; †Determined by the 
investigator to be possibly, probably, or definitely related to the vaccine. 
The same subject may appear in different categories, but counted only 
once in each category.
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center as covariates and the natural logarithm of the postvaccina-
tion titer as the dependent variable. The statistical criterion for 
demonstrating non-inferiority of GMTs for S. pneumoniae types 
4, 6B, 9V, 14, 18C, 19F, and 23F (7 tests in total) required the 
Group1/Group 2 ratio of the lower bound of the 2-sided multi-
plicity adjusted 95% CI for the ratio of GMTs to be > 0.5 for each 
antigen (i.e., excluding a decrease of 2-fold or more).

The primary analysis population for immunogenicity is the 
per-protocol population, which included all subjects who received 
vaccinations within the specified day ranges, completed appropri-
ate follow-up, and were without any prespecified protocol vio-
lations. Immunogenicity results for the full analysis population 
(all subjects with a serology measurement, regardless of initial 
serostatus or protocol violations) are also provided as a supportive 
analysis. This study was to consist of ~600 healthy children 12 to 
15 mo of age upon receipt of the first study vaccine. Assuming an 
evaluability rate of 85%, a true SPR of 90% for hepatitis A, a true 
response rate of 88% for VZV, a standard deviation ranging from 
1.1 to 1.5 for the components of PCV-7 vaccine, independence 
among all 9 immunogenicity comparisons, and no underlying 
difference in the vaccination groups, the overall power for the 
study was ~92% for an α of 0.025 (1-sided) for each hypothesis.

Safety. The primary safety hypothesis proposed that HAV 
given concomitantly with MMRV and PCV-7 vaccines would be 
well tolerated when compared with HAV given separately from 
these vaccines. All subjects who were vaccinated with at least one 
dose and had safety follow-up data were evaluated for safety. The 
primary safety evaluation with respect to concomitant use was 
based on Dose 1 of HAV, Dose 1 of MMRV vaccine, and the 
4th dose of PCV-7 vaccine. Safety data were first combined over 
the first two visits for each group (28 d after the first visit and 
14 d after the second, for a total of 42 d of follow-up) to com-
pare the concomitant administration of HAV, MMRV vaccine, 
and PCV-7 vaccine (Group 1) with the concomitant administra-
tion of MMRV vaccine and PCV-7 vaccine followed by HAV 
six weeks later (Group 2). Analysis of safety data included the 
computation of risk differences, 95% CIs for the risk difference, 
and p-values for the comparisons of the groups for injection-site 
AEs (including redness, swelling and pain/tenderness/soreness) 
solicited on the VRC during Days 1 to 5 and rashes solicited on 
the VRC Days 1 to 28. Analysis of safety data also included a 
comparison between vaccination groups for body temperatures 

Safety. Temperatures were recorded from Day 1 (the day of 
vaccination) through Day 28 following vaccination with MMRV 
vaccine (Day 1 and Week 24 study visits for Group 1; Day 1 and 
Week 34 study visits for Group 2) and through Day 5 follow-
ing vaccination with HAV alone (Week 6 study visit for Group 
1; Week 6 and Week 30 study visits for Group 2) consistent 
with standard follow-up periods for live virus and inactivated 
vaccines, respectively. Injection-site adverse experiences (AEs) 
were recorded Day 1 through Day 5 following each vaccination. 
Systemic AEs were recorded Day 1 through Day 28 following 
vaccination with MMRV vaccine, and Day 1 through Day 14 
following vaccination with HAV alone. The parent/legal guard-
ian was instructed to contact study personnel as soon as pos-
sible if the subject developed a measles-, rubella-, varicella- or 
zoster-like rash, or other symptoms resembling measles, mumps, 
rubella, varicella or zoster during the 28-d safety follow-up peri-
ods following Day 1 and Week 24 study visits for Group 1 and 
Day 1 and Week 34 study visits for Group 2.

Statistical analysis. Immunogenicity. For the first primary 
immunogenicity hypothesis regarding the non-inferiority of the 
SPR of hepatitis A, the method of Miettinen and Nurminen was 
used to conduct the non-inferiority test.15 The statistical criterion 
for demonstrating non-inferiority of the SPR to hepatitis A cor-
responded to the lower bound of the 2-sided 95% CI on the dif-
ference in SPRs (Group 1 minus Group 2) excluding a decrease 
of 10 percentage points or more.

In the second primary immunogenicity hypothesis (the non-
inferiority of the VZV antibody response rate), the VZV anti-
body response rate was defined as the percent of subjects with 
VZV antibody titer ≥ 5 gpELISA units/mL in subjects whose 
baseline VZV antibody titer was < 1.25 gpELISA units/mL. The 
statistical criterion for demonstrating non-inferiority of the anti-
body response rate for VZV corresponded to the lower bound 
of the 2-sided multiplicity adjusted 95% CI on the difference 
(Group 1 minus Group 2) excluding a decrease of 10 percentage 
points or more.

For the third primary immunogenicity hypothesis regarding 
the non-inferiority of the antibody responses to S. pneumoniae 
types 4, 6B, 9V, 14, 18C, 19F, and 23F, the comparison of GMTs 
between the investigational group and the control group was 
based on an Analysis of Covariance (ANCOVA) model using 
the natural logarithm of the baseline titer and combined study 

Table 4. Vaccination and blood draw timelines

Time points

Group N Day 1 Week 6 Week 24 Week 28 Week 30 Week 34

1 330
HAV+MMRV+PCV-7a

(blood draw) HAV+MMRVa (blood draw)c NA NA
(blood draw)

2 323
MMRV+PCV-7a HAVb

NA NA HAVb
MMRVa

(blood draw) (blood draw) (blood draw)

Safety Data Collection Schedule: aTemperatures: Days 1 through Day 28; Injection-site AEs: Days 1 through 5; Systemic AEs: Days 1 through 28; bTem-
peratures: Days 1 through Day 5; Injection-site AEs: Days 1 through 5; Systemic AEs: Days 1 through 14; cTemperatures: Days 1 through Day 5; Injection-
site AEs: Days 1 through 5; Systemic AEs: Days 1 through 5; Note: Temperatures were to be recorded 4 to 6 h after vaccination on Day 1 and then daily as 
indicated.
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Conclusion
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were non-inferior to these vaccines given non-concomitantly. 
Concomitant administration of these vaccines had an acceptable 
safety profile in 12- to 23-mo-old children.
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