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ABSTRACT
This phase III, open-label, randomized study (NCT01978093) evaluated the immunogenicity and safety of
co-administered Haemophilus influenzae type b–Neisseria meningitidis serogroups C and Y–tetanus
toxoid conjugate vaccine (Hib-MenCY-TT) with human rotavirus vaccine (HRV), hepatitis A vaccine
(HAV) and 13-valent pneumococcal conjugate vaccine (PCV13). We randomized 600 infants (1:1) to
receive 4 doses of Hib-MenCY-TT at 2, 4, 6 and 12–15 months of age or 3 doses of Hib vaccine
conjugated to N. meningitidis outer membrane protein complex (Hib-OMP) at 2, 4 and 12–15 months
of age. All infants received HRV at 2 and 4 months of age, PCV13 at 2, 4, 6 and 12–15 months of age,
HAV at 12–15 and 18–21 months of age, and diphtheria-tetanus-acellular pertussis-hepatitis
B-inactivated poliovirus vaccine at 2, 4 and 6 months of age. We measured immune responses against
HRV, HAV and Hib with enzyme-linked immunosorbent assays, and against MenC/MenY with serum
bactericidal assays using human complement. The 4-dose vaccination series with Hib-MenCY-TT induced
a robust immune response against Hib, which was non-inferior to that induced by a 3-dose vaccination
series with Hib-OMP, and against MenC and MenY. Hib-MenCY-TT did not interfere with immune
responses to concomitantly administered HRV, PCV13 and HAV. We did not identify any safety concern.
In conclusion, we showed that 4-dose vaccination series with Hib-MenCY-TT during infancy did not
interfere with immune responses of co-administered HRV, PCV13 and HAV, induced robust immune
responses against Hib, MenC and MenY, and had a clinically acceptable safety profile.
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Introduction

Following the introduction of Haemophilus influenzae type b
(Hib) and pneumococcal conjugate vaccines in the routine
infant immunization schedules and the recommendation to
vaccinate preteens and adolescents with meningococcal con-
jugate vaccines in the United States (US), the incidence of
bacterial meningitis has declined in the past 20 years.1-4

Although Streptococcus pneumoniae remains the most com-
mon etiologic agent of bacterial meningitis,5 Neisseria menin-
gitidis is also a leading cause of meningitis in the US, with
serogroup B (MenB), serogroup C (MenC) and serogroup Y
(MenY) responsible for most cases.2

The combined Hib, MenC and MenY tetanus toxoid (TT)
conjugate vaccine (Hib-MenCY-TT, MenHibrix, GSK) was
developed to protect infants against invasive diseases caused
by Hib, MenC and MenY without increasing the number of
injections in the US immunization schedule and was
approved by the Food and Drug Administration in 2012 for
use in infants as a 4-dose vaccination series.6,7 A previous
phase III study showed that a 3-dose primary vaccination
series with Hib-MenCY-TT in infants at 2, 4 and 6 months
of age followed by a 4th dose at 12–15 months of age had a

comparable immunogenicity profile to licensed Hib vaccines,
induced a robust immune response against MenC and MenY,
and had a clinically acceptable safety profile.7,8 In addition,
Hib-MenCY-TT did not appear to interfere with the immune
responses of the concomitantly administered diphtheria-teta-
nus-acellular pertussis-hepatitis B-inactivated poliovirus vac-
cine (DTaP-HBV-IPV), 7-valent pneumococcal conjugate
vaccine,9,10 mumps-measles-rubella vaccine, and varicella
virus vaccine.11

This study evaluated the immunogenicity and safety of co-
administered Hib-MenCY-TT with the remaining routinely
administered concomitant vaccines (human rotavirus vaccine
[HRV; Rotarix, GSK] and hepatitis A vaccine [HAV; Havrix,
GSK]) and with the currently available 13-valent pneumococ-
cal conjugate vaccine (PCV13; Prevnar, Pfizer).

Results

Demographics

Of the 600 enrolled infants (297 in theHib-MenCY group and 303
in the Hib only group), 498 were included in the Booster TVC
(248 in the Hib-MenCY group and 250 in the Hib only group).

CONTACT Nicola P. Klein Nicola.Klein@kp.org Kaiser Permanente Vaccine Study Center, 1 Kaiser Plaza, 16th Floor, Oakland, CA 94612, USA
Current affiliation: Yaela Baine Consulting, LLC, Merion, PA, United States

Supplemental data for this article can be accessed here.

HUMAN VACCINES & IMMUNOTHERAPEUTICS
2019, VOL. 15, NO. 2, 327–338
https://doi.org/10.1080/21645515.2018.1526586

© 2018 The Author(s). Published with license by Taylor & Francis Group, LLC
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0001-6712-572X
https://doi.org/10.1080/21645515.2018.1526586
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2018.1526586&domain=pdf&date_stamp=2019-02-01


Themain reason for withdrawal in the primary phase of the study
was consent withdrawal. The booster phase of the study was
completed by 462 participants (232 in the Hib-MenCY group
and 230 in the Hib only group) (Figure 1). During the entire
study period, 1 participant in the Hib-MenCY group withdrew
due to a fatal SAE (sudden infant death syndrome) and 5 partici-
pants in the Hib only group due to SAEs (non-fatal). Eleven
participants in the Hib-MenCY group and 15 in the Hib only
group were lost to follow-up (Figure 1).

The percentage of African Americans was higher in the
Hib-MenCY group than in the Hib only group, especially in

the primary according-to-protocol (ATP) immunogenicity
cohort (10.8% versus 3.8%). All other demographic character-
istics were balanced between the 2 groups in all study cohorts
(Table 1, Supplementary Table 1).

Immunogenicity

Non-inferiority criteria
Protocol pre-specified statistical criteria for non-inferiority were
met for all co-primary objectives (Table 2). Non-inferiority of 4
doses of Hib-MenCY compared with 3 doses of Hib vaccine

Figure 1. Participant flow chart.
ATP, according-to-protocol; TVC, total vaccinated cohort; HAV, hepatitis A vaccine; N, number of participants.
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conjugated to N. meningitidis outer membrane protein complex
(Hib-OMP; PedvaxHIB, Merck), each co-administered with
PCV13 and HAV, was demonstrated in terms of concentrations
of antibodies (≥ 1.0 µg/mL) against the capsular Hib polysac-
charide polyribosylribitol phosphate (PRP) .

In the primary vaccination phase, non-inferiority of 2
primary doses of HRV co-administered with Hib-MenCY-
TT, DTaP-HBV-IPV and PCV13 compared with that of
HRV co-administered with Hib-OMP, DTaP-HBV-IPV and
PCV13 was demonstrated in terms of anti-HRV immunoglo-
bulin A (IgA) geometric mean concentrations (GMCs). Non-
inferiority of 3 primary doses of PCV13 co-administered with
Hib-MenCY-TT, DTaP-HBV-IPV and HRV compared with
that of PCV13 co-administered with Hib-OMP, DTaP-HBV-
IPV and HRV was demonstrated in terms of anti-pneumo-
coccal serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F
and 23F antibody GMCs (Table 2).

In the booster vaccination phase, non-inferiority of 2 doses
of HAV when the first dose was co-administered with Hib-
MenCY-TT and PCV13 compared with that of HAV when
the first dose was co-administered with Hib-OMP and PCV13
was demonstrated in terms of anti-HAV antibody concentra-
tions ≥ 15 mIU/mL. Non-inferiority of 4 doses of PCV13 co-

administered with Hib-MenCY-TT and HAV compared with
that of PCV13 co-administered with Hib-OMP and HAV was
demonstrated in terms of anti-pneumococcal serotypes 1, 3, 4,
5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F antibody GMCs
(Table 2).

The results of the additional analyses performed on the
total vaccinated cohorts (TVCs) were similar to those
obtained on the ATP immunogenicity cohorts for all the co-
primary objectives (Supplementary Table 2).

Primary immune responses
In the primary ATP immunogenicity cohort, 94.0% of parti-
cipants had anti-PRP antibody concentrations ≥ 1 µg/mL at
1 month post-dose 3 in the Hib-MenCY group and 91.5% at
2 months post-dose 2 in the Hib only group (Supplementary
Table 3). Anti-PRP antibody GMCs were 8.414 µg/mL in the
Hib-MenCY group and 11.053 µg/mL in the Hib only group.

Two months post-dose 2, ≥ 80.1% of participants had anti-
HRV IgA concentrations ≥ 20 U/mL in both groups
(Supplementary Table 3). Anti-HRV IgA GMCs were com-
parable between groups (138.9 U/mL in the Hib-MenCY
group and 115.0 U/mL in the Hib only group).

Table 1. Summary of demographic characteristics (primary and booster TVCs and primary ATP immunogenicity cohorts).

Characteristics Parameters Hib-MenCY group Hib only group

Primary vaccination phase, TVC N = 297 N = 303
Age at first dose (weeks) Mean (SD) 8.6 (1.1) 8.6 (1.1)
Gender Male, n (%) 149 (50.2) 163 (53.8)
Race White-Caucasian/European Heritage, n (%) 201 (67.7) 218 (71.9)

African Heritage/African American, n (%) 29 (9.8) 19 (6.3)
American Indian or Alaskan Native, n (%) 11 (3.7) 12 (4.0)
Asian – Central/South Asian Heritage, n (%) 5 (1.7) 4 (1.3)
Asian – East Asian Heritage, n (%) 2 (0.7) 2 (0.7)
Asian – Japanese Heritage, n (%) 1 (0.3) 0 (0.0)
Asian – South East Asian Heritage, n (%) 9 (3.0) 8 (2.6)
Native Hawaiian or other Pacific Islander, n (%) 2 (0.7) 6 (2.0)
White – Arabic/North African Heritage, n (%) 1 (0.3) 2 (0.7)
Other, n (%) 36 (12.1) 32 (10.6)

Hepatitis B vaccination at birth Yes, n (%) 280 (94.3) 291 (96.0)
Primary vaccination phase, ATP immunogenicity cohort N = 167 N = 158
Age at first dose (weeks) Mean (SD) 8.7 (1.2) 8.7 (1.1)
Gender Male, n (%) 85 (50.9) 82 (51.9)
Race White-Caucasian/European Heritage, n (%) 109 (65.3) 114 (72.2)

African Heritage/African American, n (%) 18 (10.8) 6 (3.8)
American Indian or Alaskan Native, n (%) 7 (4.2) 8 (5.1)
Asian – Central/South Asian Heritage, n (%) 2 (1.2) 2 (1.3)
Asian – East Asian Heritage, n (%) 1 (0.6) 2 (1.3)
Asian – Japanese Heritage, n (%) 1 (0.6) 0 (0.0)
Asian – South East Asian Heritage, n (%) 5 (3.0) 5 (3.2)
Native Hawaiian or other Pacific Islander, n (%) 2 (1.2) 3 (1.9)
White – Arabic/North African Heritage, n (%) 1 (0.6) 0 (0.0)
Other, n (%) 21 (12.6) 18 (11.4)

Hepatitis B vaccination at birth Yes, n (%) 156 (93.4) 154 (97.5)
Booster vaccination phase, TVC N = 248 N = 250
Age at 4th dose (months) Mean (SD) 12.5 (0.8) 12.6 (0.8)
Gender Male, n (%) 124 (50.0) 135 (54.0)
Race White-Caucasian/European Heritage, n (%) 174 (70.2) 183 (73.2)

African Heritage/African American, n (%) 21 (8.5) 13 (5.2)
American Indian or Alaskan Native, n (%) 8 (3.2) 10 (4.0)
Asian – Central/South Asian Heritage, n (%) 4 (1.6) 3 (1.2)
Asian – East Asian Heritage, n (%) 2 (0.8) 0 (0.0)
Asian – Japanese Heritage, n (%) 1 (0.4) 0 (0.0)
Asian – South East Asian Heritage, n (%) 7 (2.8) 8 (3.2)
Native Hawaiian or other Pacific Islander, n (%) 2 (0.8) 4 (1.6)
White – Arabic/North African Heritage, n (%) 1 (0.4) 2 (0.8)
Other, n (%) 28 (11.3) 27 (10.8)

Hepatitis B vaccination at birth Yes, n (%) 236 (95.2) 240 (96.0)

N, number of participants; SD, standard deviation, n (%), number (percentage) of participants in a given category, ATP, according-to-protocol; TVC, total vaccinated
cohort

HUMAN VACCINES & IMMUNOTHERAPEUTICS 329



Ta
bl
e
2.

Su
m
m
ar
y
of

th
e
co
-p
rim

ar
y
ob

je
ct
iv
es

(p
rim

ar
y,
bo

os
te
r
an
d
H
AV

AT
P
im
m
un

og
en
ic
ity

co
ho

rt
s)
.

Ev
al
ua
tio

n
Re
su
lts

O
bj
ec
tiv
e

St
at
is
tic
al

cr
ite
rio

n
As
se
ss
ed

ou
tc
om

e
Va
lu
e
(9
5%

CI
)

1.
To

de
m
on

st
ra
te

th
e
no

n-
in
fe
rio

rit
y
of

a
4-
do

se
va
cc
in
at
io
n
co
ur
se

w
ith

H
ib
-M

en
CY

-
TT

co
m
pa
re
d
w
ith

a
3-
do

se
va
cc
in
at
io
n
co
ur
se

w
ith

H
ib
-O
M
P,

ea
ch

co
-

ad
m
in
is
te
re
d
w
ith

PC
V1
3
an
d
H
AV

,i
n
te
rm

s
of

an
ti-
PR
P
an
tib

od
y
co
nc
en
tr
at
io
n

≥
1.
0
µg

/m
L.
a

O
ne

m
on

th
po

st
-d
os
e
4:

LL
of

st
an
da
rd
iz
ed

as
ym

pt
ot
ic
95
%

CI
fo
r
th
e

di
ffe

re
nc
e
in

%
of

pa
rt
ic
ip
an
ts

w
ith

an
ti-
PR
P
an
tib

od
y
co
nc
en
tr
at
io
n

≥
1.
0
µg

/m
L
be
tw
ee
n
th
e
tw
o
gr
ou

ps
≥
-1
0%

.

D
iff
er
en
ce

be
tw
ee
n

gr
ou

ps
(a
nt
i-P

RP
an
tib

od
y

co
nc
en
tr
at
io
n)
:

H
ib
-M

en
CY

m
in
us

H
ib

on
ly
gr
ou

p

0.
96

(−
2.
12

;4
.3
0)

Pr
im

ar
y
va
cc
in
at
io
n
ph

as
e

V
al
ue

(9
7.
5%

CI
)

2.
To

de
m
on

st
ra
te

th
e
no

n-
in
fe
rio

rit
y
of

a
2-
do

se
pr
im
ar
y
va
cc
in
at
io
n
co
ur
se

w
ith

H
RV

co
-a
dm

in
is
te
re
d
w
ith

H
ib
-M

en
CY

-T
T,
D
Ta
P-
H
BV

-IP
V
an
d
PC

V1
3
co
m
pa
re
d

w
ith

th
at

of
H
RV

co
-a
dm

in
is
te
re
d
w
ith

H
ib
-O
M
P,

D
Ta
P-
H
BV

-IP
V
an
d
PC

V1
3
in

te
rm

s
of

an
ti-
H
RV

Ig
A
G
M
Cs
.

Tw
o
m
on

th
s
po

st
-d
os
e
2:

LL
of

97
.5
%

CI
of

an
ti-
H
RV

Ig
A
G
M
C
ra
tio

≥
0.
5.

An
ti-
H
RV

Ig
A
G
M
C
ra
tio

be
tw
ee
n
gr
ou

ps
:

H
ib
-M

en
CY

gr
ou

p/
H
ib

on
ly
gr
ou

p

1.
21

(0
.7
7;

1.
90
)

3.
To

de
m
on

st
ra
te

th
e
no

n-
in
fe
rio

rit
y
of

a
3-
do

se
pr
im
ar
y
va
cc
in
at
io
n
co
ur
se

of
PC

V1
3
co
-a
dm

in
is
te
re
d
w
ith

H
ib
-M

en
CY

-T
T,
H
RV

an
d
D
Ta
P-
H
BV

-IP
V
co
m
pa
re
d

w
ith

th
at

of
PC

V1
3
co
-a
dm

in
is
te
re
d
w
ith

H
ib
-O
M
P,

H
RV

an
d
D
Ta
P-
H
BV

-IP
V
in

te
rm

s
of

an
ti-
pn

eu
m
oc
oc
ca
la
nt
ib
od

y
G
M
Cs
.

O
ne

m
on

th
po

st
-d
os
e
3:
LL

of
97
.5
%

CI
of

an
ti-
pn

eu
m
oc
oc
ca
ls
er
ot
yp
es

1,
3,

4,
5,

6A
,6

B,
7F
,9

V,
14
,1

8C
,1

9A
,1

9F
an
d
23
F
an
tib

od
y
G
M
C
ra
tio

≥
0.
5.

An
ti-
pn

eu
m
oc
oc
ca
l

an
tib

od
y
G
M
C
ra
tio

be
tw
ee
n
gr
ou

ps
:

H
ib
-M

en
CY

gr
ou

p/
H
ib

on
ly
gr
ou

p

an
ti-
1,

1.
18

(0
.9
5;

1.
47
)

an
ti-
3,

1.
15

(0
.9
3;

1.
42
)

an
ti-
4,

1.
08

(0
.9
0;

1.
31
)

an
ti-
5,

1.
18

(0
.9
5;

1.
47
)

an
ti-
6A

1.
29

(1
.0
3;

1.
63
)

an
ti-
6B

1.
17

(0
.8
8;

1.
55
)

an
it-
7F
,1

.1
1
(0
.9
1;

1.
34
)

an
ti-
9V
,1

.2
5
(1
.0
0;

1.
55
)

an
ti-
14
,1

.1
6
(0
.9
0;

1.
50
)

an
ti-
18
C,

1.
24

(1
.0
1;

1.
52
)

an
ti-
19
A,

1.
16

(0
.9
4,

1.
43
)

an
ti-
19
F,
1.
07

(0
.8
9;

1.
29
)

an
ti-
23
F,
1.
18

(0
.9
1;

1.
53
)

Bo
os
te
r
va
cc
in
at
io
n
ph

as
e

4.
To

de
m
on

st
ra
te

th
e
no

n-
in
fe
rio

rit
y
of

a
2-
do

se
va
cc
in
at
io
n
co
ur
se

of
H
AV

w
he
n
th
e

fir
st
do

se
is
co
-a
dm

in
is
te
re
d
w
ith

H
ib
-M

en
CY

-T
T
an
d
PC

V1
3
co
m
pa
re
d
w
ith

th
at

of
H
AV

w
he
n
th
e
fir
st
do

se
is
co
-a
dm

in
is
te
re
d
w
ith

H
ib
-O
M
P
an
d
PC

V1
3
in

te
rm

s
of

an
ti-
H
AV

an
tib

od
y
co
nc
en
tr
at
io
n
≥
15

m
IU
/m

L.

O
ne

m
on

th
af
te
r
th
e
se
co
nd

H
AV

va
cc
in
at
io
n:

LL
of

st
an
da
rd
iz
ed

as
ym

pt
ot
ic

97
.5
%

CI
fo
r
th
e
di
ffe

re
nc
e
in

%
of

pa
rt
ic
ip
an
ts
w
ith

an
tib

od
y
co
nc
en
tr
at
io
n

≥
15

m
IU
/m

L
be
tw
ee
n
tw
o
gr
ou

ps
≥
-1
0%

.

D
iff
er
en
ce

be
tw
ee
n

gr
ou

ps
(a
nt
i-H

AV
an
tib

od
y

co
nc
en
tr
at
io
n)
:

H
ib
-M

en
CY

m
in
us

H
ib

on
ly
gr
ou

p

0.
00

(−
3.
76

;3
.9
1)

5.
To

de
m
on

st
ra
te

th
e
no

n-
in
fe
rio

rit
y
of

a
4-
do

se
va
cc
in
at
io
n
co
ur
se

of
PC

V1
3
co
-

ad
m
in
is
te
re
d
w
ith

H
ib
-M

en
CY

-T
T
an
d
H
AV

co
m
pa
re
d
w
ith

th
at

of
PC

V1
3
co
-

ad
m
in
is
te
re
d
w
ith

H
ib
-O
M
P
an
d
H
AV

in
te
rm

s
of

an
ti-
pn

eu
m
oc
oc
ca
la
nt
ib
od

y
G
M
Cs
.

O
ne

m
on

th
po

st
-d
os
e
4:
LL

of
97
.5
%

CI
of

an
ti-
pn

eu
m
oc
oc
ca
ls
er
ot
yp
es

1,
3,

4,
5,

6A
,6

B,
7F
,9

V,
14
,1

8C
,1

9A
,1

9F
an
d
23
F
an
tib

od
y
G
M
C
ra
tio

≥
0.
5.

An
ti-
pn

eu
m
oc
oc
ca
l

an
tib

od
y
G
M
C
ra
tio

be
tw
ee
n
gr
ou

ps
:

H
ib
-M

en
CY

gr
ou

p/
H
ib

on
ly
gr
ou

p

an
ti-
1,

1.
25

(1
.0
4;

1.
51
)

an
ti-
3,

1.
01

(0
.8
3;

1.
24
)

an
ti-
4,

1.
10

(0
.9
2;

1.
31
)

an
ti-
5,

1.
06

(0
.8
7;

1.
28
)

an
ti-
6A

1.
21

(1
.0
1;

1.
44
)

an
ti-
6B

1.
13

(0
.9
4;

1.
36
)

an
it-
7F
,1

.0
9
(0
.9
3;

1.
29
)

an
ti-
9V
,1

.1
2
(0
.9
4;

1.
33
)

an
ti-
14
,1

.1
6
(0
.9
6;

1.
41
)

an
ti-
18
C,

1.
14

(0
.9
7;

1.
35
)

an
ti-
19
A,

1.
09

(0
.9
0,

1.
31
)

an
ti-
19
F,
1.
12

(0
.9
5;

1.
34
)

an
ti-
23
F,
1.
22

(1
.0
0;

1.
50
)

AT
P,

ac
co
rd
in
g-
to
-p
ro
to
co
l;
CI
,
co
nf
id
en
ce

in
te
rv
al
;I
gA

,
im
m
un

og
lo
bu

lin
A;

LL
,
lo
w
er

lim
it;

G
M
C,

ge
om

et
ric

m
ea
n
co
nc
en
tr
at
io
n;

H
ib
-M

en
CY

-T
T,

H
ae
m
op
hi
lu
s
in
flu
en
za
e
ty
pe

b
an
d
N
ei
ss
er
ia

m
en
in
gi
tid
is
se
ro
gr
ou

ps
C
an
d

Y-
te
ta
nu

s
to
xo
id

co
nj
ug

at
e
va
cc
in
e;
H
ib
-O
M
P,

H
ib

va
cc
in
e
co
nj
ug

at
ed

to
N
.m

en
in
gi
tid
is
ou

te
r
m
em

br
an
e
pr
ot
ei
n
co
m
pl
ex
;H

RV
,h

um
an

ro
ta
vi
ru
s
va
cc
in
e;
PC

V1
3,
13
-v
al
en
t
pn

eu
m
oc
oc
ca
lc
on

ju
ga
te

va
cc
in
e;
D
Ta
P-
H
BV

-IP
V,

di
ph

th
er
ia
-t
et
an
us
-a
ce
llu
la
r
pe
rt
us
si
s-
he
pa
tit
is
B
su
rf
ac
e
an
tig

en
-in

ac
tiv
at
ed

po
lio
vi
ru
s
va
cc
in
e;
H
AV

,h
ep
at
iti
s
A
va
cc
in
e.

a
As

pe
r
hi
er
ar
ch
ic
al
pr
oc
ed
ur
e,
th
e
st
at
is
tic
al
cr
ite
ria

fo
r
th
e
fir
st
ob

je
ct
iv
e
ne
ed
ed

to
be

m
et

be
fo
re

an
y
ob

je
ct
iv
e
of

th
e
pr
im
ar
y
or

bo
os
te
r
va
cc
in
at
io
n
ph

as
e
co
ul
d
be

m
et
.B

ol
d
va
lu
es

in
di
ca
te

th
e
ob

je
ct
iv
e
w
as

m
et
.

330 N. P. KLEIN ET AL.



One month post-dose 3, ≥ 69.3% of participants had anti-
pneumococcal antibody concentrations ≥ 0.35 µg/mL against
serotype 3, ≥ 76.4% against serotypes 4, 5, 6B, 9V, 18C and 23F,
and ≥ 90.5% against serotypes 1, 6A, 7F, 14, 19A and 19F in the
Hib-MenCY and Hib only groups (Supplementary Table 3).
Anti-pneumococcal antibody GMCs were similar between
groups (based on overlapping 95% confidence intervals [CIs])
and ranged from 0.48 µg/mL (serogroup 3, Hib only group) to
4.77 µg/mL (serogroup 14, Hib-MenCY group).

The percentages of participants with serum bactericidal
antibody titers measured using a human complement assay
(hSBA) ≥ 1:8 were 100% against MenC and 97.7% against
MenY at 1 month after the 3rd Hib-MenCY-TT dose in the
Hib-MenCY group, and 1.4% against MenC and 100% against
MenY at 3 months after the 2nd Hib-OMP dose in the Hib
only group (Supplementary Table 3). hSBA antibody geo-
metric mean titers (GMTs) were 807.3 for MenC and 510.9
for MenY in the Hib-MenCY group, and 2.1 for MenC and
550.2 for MenY in the Hib only group.

Booster immune responses
In the booster ATP immunogenicity cohort, ≥ 97.2% of par-
ticipants had anti-PRP antibody concentrations ≥ 1 µg/mL
after the booster dose of Hib-MenCY-TT or Hib-OMP
(Supplementary Table 4). Anti-PRP antibody GMCs were
28.090 µg/mL in the Hib-MenCY group and 20.869 µg/mL
in the Hib only group.

After the 4th dose of PCV13, ≥ 69.5% of participants had
anti-pneumococcal antibody concentrations ≥ 0.35 µg/mL
against pneumococcal serotype 3, and ≥ 94.1% against pneumo-
coccal serotypes 1, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and
23F (Supplementary Table 4). Anti-pneumococcal antibody
GMCs were comparable between groups (based on overlapping

95% CIs), and ranged from 0.51 µg/mL (serogroup 3, Hib only
group) to 7.14 µg/mL (serogroup 14, Hib-MenCY group).

In the Hib-MenCY group, ≥ 98.5% of participants had hSBA
antibody titers ≥ 1:8 against MenC and MenY after the 4th dose
of Hib-MenCY-TT (Supplementary Table 4). In the Hib only
group, 0.6% of participants had hSBA antibody titers ≥ 1:8
against MenC and all participants had hSBA antibody titers
≥ 1:8 against MenY after the 3rd dose of Hib-OMP. hSBA
GMTs against MenC and MenY were 2566.2 and 2761.4 in the
Hib-MenCY group, and 2.0 and 2728.2 in the Hib only group.

Immune response to HAV
In both groups, ≥ 85.2% of participants in the booster ATP
immunogenicity cohort had anti-HAV antibody concentrations
≥ 15 mIU/mL one month after the first dose of HAV, which
increased to 100% of participants in the HAV immunogenicity
cohort after the second dose (Supplementary Table 4). Anti-
HAV antibody GMCs were 44.8 and 47.3 mIU/mL after the
first dose, and increased to 1590.7 and 1390.6 after the second
dose in the Hib-MenCY and Hib only groups.

Safety

The most common solicited local symptoms at the injection
site for all co-administered vaccines were pain (38.8%–61.2%
after each dose) in the primary TVC, and pain and redness
(38.6%–56.2%) in the booster TVC (Figure 2). Across all
groups, ≤ 10.3% (primary phase) and ≤ 5.4% (booster
phase) of participants reported grade 3 solicited local symp-
toms at the injection site of each co-administered vaccine.

The most common solicited general symptom in all groups
was irritability, reported in 66.0–83.5% of participants after each
primary dose and 66.0–74.3% of participants after the booster

Figure 2. Incidence of solicited local symptoms reported in the 4-day interval following vaccination (primary and booster total vaccinated cohorts).
Hib-MenCY-TT, Haemophilus influenzae type b and Neisseria meningitidis serogroups C and Y-tetanus toxoid conjugate vaccine; Hib-OMP, Hib vaccine conjugated to N.
meningitidis outer membrane protein complex; PCV13, 13-valent pneumococcal conjugate vaccine; DTaP-HBV-IPV, diphtheria-tetanus-acellular pertussis-hepatitis B
surface antigen-inactivated poliovirus vaccine; HAV, hepatitis A vaccine; 95% CI, 95% confidence interval.
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dose (Figure 3). Across all groups, ≤ 11.9% and ≤ 8.7% of
participants reported grade 3 solicited general symptoms after
each dose in the primary and booster vaccination phases.

During the 31-day follow-up after each dose and overall in
the primary vaccination phase, 180/297 (60.6%) participants in
the Hib-MenCY group and 171/303 (56.4%) participants in the
Hib only group reported at least one unsolicited adverse event
(AE), and 23/297 (7.7%) participants in the Hib-MenCY group
and 19/303 (6.3%) participants in the Hib only group reported at
least one grade 3 unsolicited AE. The most frequently reported
grade 3 unsolicited AEs were upper respiratory tract infections
(6/297 participants in the Hib-MenCY and 1/303 participant in
the Hib only group) and otitis media (3/297 participants in the
Hib-MenCY and 4/303 participants in the Hib only group).

During the 31-day period following the booster dose, 99/
248 (39.9%) participants in the Hib-MenCY and 105/250
(42.0%) participants in the Hib only group reported at least
one unsolicited AE, and 19/248 (7.7%) participants in the
Hib-MenCY and 20/250 (8.0%) participants in the Hib only
group reported at least one grade 3 unsolicited AE. The most
frequently reported grade 3 unsolicited AEs were otitis media
and pyrexia (each in 4/248 participants) in the Hib-MenCY
group, and otitis media (5/250 participants) and vomiting (3/
250 participants) in the Hib only group.

Up to the day of the booster dose, 5/297 (1.7%) partici-
pants in the Hib-MenCY and 10/303 (3.3%) in the Hib only
group reported at least one serious AE (SAE). There were 1
case each of gastroesophageal reflux disease, sudden infant
death syndrome, gastroenteritis, pneumonia, failure to thrive
and apparent life-threatening event in the Hib-MenCY group.
The fatal sudden infant death syndrome reported in the Hib-
MenCY group was not considered by the investigator as
related to vaccination. There were 2 cases of respiratory syn-
cytial virus bronchiolitis, and 1 case each of anemia, hemato-
phagic histiocytosis, neutropenia, hypothermia, subcutaneous
abscess, urinary tract infection, viral infection (inconclusive
final diagnosis), subdural hematoma, hypernatremia, apparent
life-threatening event and Kawasaki disease in the Hib only
group.

After the booster dose, 3/248 (1.2%) participants in the
Hib-MenCY and 1/250 (0.4%) participants in the Hib only
group reported at least one SAE. There were 2 cases of
pneumonia, 1 infectious croup cough and 1 accidental over-
dose (benzodiazepine) in the Hib-MenCY group, and 1 case
of ketoacidosis and type 1 diabetes mellitus (same participant)
in the Hib only group.

The investigators did not consider any of the SAEs
reported during the study period as vaccine-related.

Figure 3. Incidence of solicited general symptoms reported in the 4-day interval following vaccination (primary and booster total vaccinated cohorts).
95% CI, 95% confidence interval.
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Discussion

This study evaluated the immunogenicity and safety of the
Hib-MenCY-TT vaccine co-administered with HRV, PCV13
and HAV vaccines during infancy. Four doses of the Hib-
MenCY-TT vaccine induced a robust immune response
against PRP, which was non-inferior to that induced by 3
doses of the Hib-OMP vaccine, and against MenC and
MenY. This study also showed that the use of Hib-MenCY-
TT vaccine did not interfere with the immune response to the
concomitant vaccines. Finally, all co-administered vaccines
had a clinically acceptable safety profile.

The robust immune response against PRP induced by Hib-
MenCY-TT confirmed the results of previous studies, which
also demonstrated the non-inferiority of the immune
response to Hib induced by Hib-MenCY-TT over that
induced by licensed monovalent Hib vaccines (3 primary
doses of Hib-TT followed by a booster dose of Hib-
OMP).8,12 Further, the higher anti-PRP antibody concentra-
tions after the booster dose of Hib-MenCY-TT compared
with those measured after the 3 primary doses confirmed
that this vaccine induced immune memory for Hib.8,12-15

This study also confirmed that a 3-dose primary vaccination
series with Hib-MenCY-TT during infancy followed by a booster
dose in the second year of life induced robust immune responses
to MenC and MenY.10,12,13,15 The 3 primary doses of Hib-
MenCY-TT induced high levels of bactericidal antibodies against
MenC andMenY in almost all participants, which were consistent
with those observed in previous studies.8,10,12 The increase in
hSBA titers after the 4th dose of Hib-MenCY-TT demonstrates
the induction of immune memory for MenC and MenY.8,12-15

Unexpectedly, the immune response to MenY after Hib-MenCY-
TT vaccination was similar to the immune response to MenY
induced byHib-OMP, a finding which has also been observed to a
lesser extent in other studies using Hib-OMP as booster vaccine
following three primary doses of Hib-TT.8,12 One possible expla-
nation could be that Hib-OMP contains N. meningitidis ser-
ogroup B outer membrane protein as carrier for the Hib
polysaccharide,8,12 which produces cross-reactive antibodies to
the outer membrane proteins of the MenY target strain used in
the hSBA-MenY functional cell killing assay.

Our study also showed that Hib-MenCY-TT did not inter-
fere with the immune responses to the concomitantly admi-
nistered vaccine, which is in line with the results of previous
studies evaluating its co-administration with other routine
childhood vaccines.9-11 The absence of interference with
PCV13 is consistent with a previous study evaluating the co-
administration of Hib-MenCY-TT with the 7-valent pneumo-
coccal conjugate vaccine.9,10 In our study, the 4th dose of
PCV13 did not induce increases in percentages of participants
with anti-pneumococcal antibody concentrations ≥ 0.35 µg/
mL against serotype 3 compared with the primary vaccination
series and percentages of seroprotected participants were
lower against serotype 3 than for the other serotypes in both
groups, which is in line with findings from a previous study
conducted in the US.16

This study did not identify any new safety concerns. The safety
profile of Hib-MenCY-TT in our study was similar to that
observed in previous studies which evaluated its co-

administration with the routine recommended vaccines (DTaP-
HBV-IPV, 7-valent pneumococcal conjugate vaccine, mumps-
measles-rubella vaccine, and varicella virus vaccine).17 The safety
profiles of HRV, PCV13 and HAV were also similar when co-
administered with Hib-MenCY-TT or Hib-OMP, which is also
consistent with the results obtained when other routine childhood
vaccines were co-administered with Hib-MenCY-TT.11

A study limitation was the high drop-out rate observed during
the study period as nearly one fourth of participants did not
complete the study and nearly half of participants were excluded
from the primary ATP immunogenicity cohort, because we had
not planned to bleed most of these participants. An additional
analysis performed on the TVC suggested that the high drop-out
rates did not bias the outcomes of the co-primary objectives,
however it should be noted that most of the participants who
dropped out did not have immunogenicity results available.
Another limitation of this study was its open study design,
which might have influenced the safety assessments. Finally, the
comparisons between groups should be interpreted with caution
because there was no adjustment for multiplicity and the study
was only powered for the primary objectives.

In conclusion, we showed that 4 doses of Hib-MenCY-TT co-
administered with HRV, PCV13 and HAV during infancy
induced a robust immune response against PRP, which was
non-inferior to that induced by 3 doses of Hib-OMP vaccine,
and against MenC andMenY, and did not interfere with immune
responses of the co-administered vaccines. All co-administered
vaccines in this study had a clinically acceptable safety profile.

Figure 4 summarizes the research, clinical relevance and
impact of this study on the patient population.

Materials and methods

Study design and participants

We conducted this phase III, open-label, randomized, controlled
trial in 27 centers in the US between February 2014 and March
2016. This study included healthy infants aged 6–12 weeks, who
were born after at least 37 weeks of gestation. Supplementary
material 1 contains a full list of inclusion/exclusion criteria.

In order to minimize the number of blood draws in this
pediatric population, we enrolled infants into 3 sub-cohorts,
each of which provided a blood sample at 3 different timepoints
out of the 4 total possible timepoints (Figure 5). Within each
sub-cohort, we randomized the infants (1:1) to the Hib-MenCY
and Hib only groups. Participants in the Hib-MenCY group
received Hib-MenCY-TT co-administered with HRV, PCV13
and DTaP-HBV-IPV at 2 and 4 months of age, Hib-MenCY-
TT co-administered with PCV13 and DTaP-HBV-IPV at
6 months of age, a booster dose of Hib-MenCY-TT co-adminis-
tered with PCV13 and HAV at 12–15 months of age, and HAV
at 18–21 months of age. In the Hib only group, participants
received Hib-OMP co-administered with HRV, PCV13 and
DTaP-HBV-IPV at 2 and 4 months of age, PCV13 co-adminis-
tered with DTaP-HBV-IPV at 6 months of age, a booster dose of
Hib-OMP co-administered with PCV13 and HAV at
12–15 months of age, and HAV at 18–21 months of age.

We administered HRV orally and all other vaccines intra-
muscularly (DTaP-HBV-IPV and HAV in the upper left thigh
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and PCV13 in the lower left thigh). Participants in the Hib-
MenCY and Hib only groups received an injection of either
Hib-MenCY-TT or Hib-OMP (as appropriate) in the upper
right thigh (Supplementary material 2 contains the descrip-
tion of the study vaccines).

We conducted the study in accordancewith ICHGoodClinical
Practice guidelines and the Declaration of Helsinki. Each partici-
pant’s parent/guardian gave written informed consent prior to
enrolment. Institutional Review Boards at participating sites
approved the study. The study is registered at www.clinicaltrials.
gov (NCT01978093) and a protocol summary is available at http://
www.gsk-clinicalstudyregister.com (study 112931). Anonymized
individual participant data and study documents can be requested
for further research from www.clinicalstudydatarequest.com.

Study objectives

This study had 5 co-primary objectives that we assessed in a
hierarchical manner (Table 2). The study had to meet the statis-
tical criteria for non-inferiority of the immune response to Hib
induced by 4 doses of Hib-MenCY-TT compared with 3 doses of

Hib-OMP to conclude on the other co-primary objectives, which
were tested in a hierarchicalmanner independently of one another
in each study phase. In the primary vaccination phase, the study
had to meet the statistical criteria for non-inferiority of a 2-dose
primary vaccination course with HRV in the Hib-MenCY com-
pared with the Hib only group to conclude on the non-inferiority
of a 3-dose primary vaccination course of PCV13 in the Hib-
MenCY compared with the Hib only group. In the booster vacci-
nation phase, the study had to meet the statistical criteria for non-
inferiority of a 2-dose vaccination course with HAV in the Hib-
MenCY compared with the Hib only group to conclude on the
non-inferiority of a 4-dose vaccination course of PCV13 in the
Hib-MenCY compared with the Hib only group. Supplementary
Figure 1 presents the sequence for evaluating the study objectives.

Secondary immunogenicity objectives included evaluating
the following immune responses: anti-PRP antibody concentra-
tions 2 months after the 2nd dose of Hib-OMP (Hib only
group), 1 month after the 3rd dose of Hib-MenCY-TT (Hib-
MenCY group) and 1 month post-booster dose after Hib-
MenCY-TT or Hib-OMP vaccination; hSBA-MenC and
hSBA-MenY titers at 1 month after the 3rd dose and 1 month

Figure 4. Focus on the patient.
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post-booster dose of Hib-MenCY-TT or Hib-OMP; and anti-
HAV at 1 month after the first HAV vaccination in both groups.

Safety objectives included evaluating the safety and
reactogenicity of the primary doses of Hib-MenCY-TT

or Hib-OMP co-administered with PCV13, HRV and
DTaP-HBV-IPV and of the booster doses of Hib-
MenCY-TT or Hib-OMP co-administered with HAV and
PCV13.

Figure 5. Study design.
Hib-MenCY-TT, Haemophilus influenzae type b and Neisseria meningitidis serogroups C and Y-tetanus toxoid conjugate vaccine; Hib-OMP, Hib vaccine conjugated to N.
meningitidis outer membrane protein complex; HRV, human rotavirus vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; DTaP-HBV-IPV, diphtheria-tetanus-
acellular pertussis-hepatitis B surface antigen-inactivated poliovirus vaccine; HAV, hepatitis A vaccine; M, month; W, Weeks
The first 200 participant were enrolled in the blood sample sub-cohort 3, the next 200 participant were enrolled in the blood sample sub-cohort 2 and the last 200
participant were enrolled in the blood sample sub-cohort 1. An extended safety follow-up was done up to the start of the Booster phase. If a participant did not
return for the M10–13 timepoint, the study personnel reviewed the participant’s electronic medical records and/or contacted the participant’s parent/guardian by
phone to obtain the safety information.
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Immunogenicity assessment

We collected approximately 5 mL of blood from participants at
the timepoints specified in Figure 5. We measured anti-HRV,
-HAV and -PRP antibody concentrations with in-house
enzyme-linked immunosorbent assays (ELISA) at GSK
Clinical Laboratory Sciences, Belgium. Anti-HRV IgA concen-
trations of 20 unit/mL, anti-HAV antibody concentrations of 15
mIU/mL and anti-PRP antibody concentrations of 1 µg/mL
were indicative of seroprotection.18-21 We measured serum bac-
tericidal antibody titers against MenC and MenY with a hSBA
assay at GSK Clinical Laboratory Sciences, Belgium. As pre-
viously established for MenC and later extended to MenY, we
used hSBA titers above 1:8 to define protection.22,23 The
Institute of Child Health (London) performed the ELISA to
assess antibody concentrations against pneumococcal serotypes
1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F. We used
antibody concentrations of 0.35 µg/mL to define protection
against the 13 vaccine pneumococcal serotypes.24,25

Safety and reactogenicity assessment

After each vaccination, we collected solicited local (pain, red-
ness and swelling at injection site) and general (drowsiness,
fever, irritability and loss of appetite) symptoms on diary
cards during a 4-day follow-up period and unsolicited AEs
during a 31-day follow-up period. We graded all solicited
symptoms and unsolicited AEs by intensity from 1 (mild) to
3 (severe). We defined a SAE as any untoward medical occur-
rence that resulted in death, was life-threatening, required
hospitalization or prolonged existing hospitalization, or
resulted in disability or incapacity. We recorded SAEs during
the entire study period. We considered all solicited local
(injection site) symptoms as causally related to vaccination.
The investigator assessed the causality of all other AEs.

Statistical analyses

Considering a drop-out rate of 25%, we calculated a total sample
size of 600 participants (300 per group) to ensure availability of
450 participants for the assessment of HRV and PCV13 in the
primary vaccination phase of the study. Considering an addi-
tional drop-out rate of 30% for participants completing the
primary vaccination phase of the study, 600 initial participants
ensured availability of 315 participants for the assessment of Hib,
PCV13 and HAV in the booster vaccination phase. To maintain
the type I error below 2.5% and to conclude independently on
the co-primary objectives of the primary and booster vaccination
phases, the first co-primary objective had to be achieved and we
used a Bonferroni correction to test the other co-primary objec-
tives (1.25% one-sided for the primary vaccination phase and
1.25% one-sided for the booster vaccination phase). The power
of the study to meet the first co-primary objective was ≥ 99.9%,
and the overall power of the study was at least 89.5%.

We randomized the infants to the Hib-MenCY and Hib only
groups by using an internet-based randomization system at the
investigator site.We stratified the randomization within each sub-
cohort and used the center as minimization factor. We conducted
the safety analyses on the primary and booster TVCs. We

performed the analyses of immunogenicity on the primary, boos-
ter and HAV ATP immunogenicity cohorts, including all evalu-
able participants who had assay results for antibodies against at
least one antigen for the blood samples taken. Additional immu-
nogenicity analyses were performed on the primary and booster
TVCs.

Table 2 contains the statistical non-inferiority criteria for
the co-primary objectives. For each treatment group and for
each antigen, we assessed seroprotection rates and GMTs/
GMCs with exact 95% CIs. We computed antibody GMCs/
GMTs by taking the anti-log of the means of the log-trans-
formed antibody titers/concentrations. We obtained the 95%
CIs for the GMTs/GMCs by exponential-transformation for
the 95% CIs for the means of log transformed concentrations/
titers. We obtained the group GMC/GMT ratios using an
ANOVA model on the logarithm10 transformation of the
concentrations/titers. The ANOVA model included the vac-
cine group and the blood sample sub-cohort as fixed effect.

MenHibrix, Rotarix, Havrix are trademarks of the GSK group
of companies. Prevenar 13/Prevnar 13 is a trademark of Pfizer Inc.

Abbreviations

ATP according-to-protocol
AE adverse event
CI confidence interval
DTaP-HBV-IPV diphtheria–tetanus–acellular pertussis–hepatitis B–

inactivated poliovirus vaccine
ELISA enzyme-linked immunosorbent assay
GMC geometric mean concentration
GMT geometric mean titer
Hib Haemophilus influenzae type b
Hib-MenCY-TT combined Haemophilus influenzae type b–Neisseria

meningitidis serogroups C and Y–tetanus toxoid con-
jugate vaccine

HRV human rotavirus vaccine
HAV hepatitis A vaccine
Hib-OMP Hib vaccine conjugated to Neisseria meningitidis

outer membrane protein complex
Hsba human serum bactericidal assay
LL lower limit; MenB, Neisseria meningitidis serogroup B
MenC Neisseria meningitidis serogroup C
MenY Neisseria meningitidis serogroup Y
TT tetanus toxoid
PCV13 13-valent pneumococcal conjugate vaccine
PRP polyribosylribitol phosphate
TVC total vaccinated cohort
SAE serious adverse event
US United States

Disclosure of potential conflicts of interest

NPK reports receipt of research grants from GSK group of companies,
Merck & Co, Pfizer, Sanofi Pasteur, Protein Science and Dynavax. BC,
MS, NM, and RAE declare they are employed by the GSK group of
companies and hold shares in the GSK group of companies. YB was a
GSK group of companies (King of Prussia, US) employee at the time the
study was conducted; she is now an independent expert. YB holds shares
in the GSK group of companies.

Acknowledgments

The authors would like to thank the infants and their families for
participating in the study. The authors would also like to thank XPE

336 N. P. KLEIN ET AL.



Pharma & Science platform for editorial assistance and manuscript
coordination on behalf of GSK: Claire Verbelen provided medical writing
support and Iudit-Hajnal Filip coordinated manuscript development and
provided editorial support.

Funding

This study and related publication were sponsored by GlaxoSmithKline
Biologicals S.A.

Authors´ contributions

BC, NM, RAE, and YB were involved in study conception and design. NK,
NM, and RAE performed the study or collected the data. BC, MS, NK, NM,
and YB were involved in data analysis and interpretation. All authors have
drafted or reviewed the manuscript, approved the final version of the
manuscript as submitted and accept full accountability for the content.

Trial registration

NCT01978093 (www.clinicaltrials.gov)

ORCID

Yaela Baine http://orcid.org/0000-0001-6712-572X

References

1. Brouwer MC, van de Beek D. Epidemiology of community-
acquired bacterial meningitis. Curr Opin Infect Dis. 2018;31:78–
84. doi:10.1097/qco.0000000000000417.

2. MacNeil JR, Blain AE, Wang X, Cohn AC. Current epidemiology
and trends in meningococcal disease-United States, 1996-2015.
Clin Infect Dis. 2018;66:1276–1281. doi:10.1093/cid/cix993.

3. Castelblanco RL, Lee M, Hasbun R. Epidemiology of bacterial
meningitis in the USA from 1997 to 2010: a population-based
observational study. Lancet Infect Dis. 2014;14:813–819.
doi:10.1016/s1473-3099(14)70805-9.

4. Thigpen MC, Whitney CG, Messonnier NE, Zell ER, Lynfield R,
Hadler JL, Harrison LH, Farley MM, Reingold A, Bennett NM,
et al. Bacterial meningitis in the United States, 1998-2007. N Engl
J Med. 2011;364:2016–2025. doi:10.1056/NEJMoa1005384.

5. Kowalsky RH, Jaffe DM. Bacterial meningitis post-PCV7: declin-
ing incidence and treatment. Pediatr Emerg Care. 2013;29:758–
766. doi:10.1097/PEC.0b013e318294f709.

6. U.S. Food and Drug Administration. MenHibrix: package insert
[accessed on March 27, 2018]. https://www.fda.gov/downloads/
BiologicsBloodVaccines/Vaccines/ApprovedProducts/
UCM308577.pdf.

7. Hale SF, Camaione L, Lomaestro BM. MenHibrix: a new combi-
nation meningococcal vaccine for infants and toddlers. Ann
Pharmacother. 2014;48:404–411. doi:10.1177/1060028013514375.

8. Bryant KA, Marshall GS, Marchant CD, Pavia-Ruiz N, Nolan T,
Rinderknecht S, Blatter M, Aris E, Lestrate P, Boutriau D, et al.
Immunogenicity and safety of H influenzae type b-N meningitidis
C/Y conjugate vaccine in infants. Pediatrics. 2011;127:e1375–
1385. doi:10.1542/peds.2009-2992.

9. Marshall GS, Marchant CD, Blatter M, Friedland LR, Aris E,
Miller JM. Co-administration of a novel Haemophilus influenzae
type b and Neisseria meningitidis serogroups C and Y-tetanus
toxoid conjugate vaccine does not interfere with the immune
response to antigens contained in infant vaccines routinely used
in the United States. Hum Vaccin. 2011;7:258–264.

10. Marchant CD, Miller JM, Marshall GS, Blatter M, Aris E,
Friedland LR, Boutriau D. Randomized trial to assess

immunogenicity and safety of Haemophilus influenzae type b
and Neisseria meningitidis serogroups C and Y-tetanus toxoid
conjugate vaccine in infants. Pediatr Infect Dis J. 2010;29:48–52.
doi:10.1097/INF.0b013e3181c3ce88.

11. Bryant K, McVernon J, Marchant C, Nolan T, Marshall G,
Richmond P, Marshall H, Nissen M, Lambert S, Aris E, et al.
Immunogenicity and safety of measles-mumps-rubella and vari-
cella vaccines coadministered with a fourth dose of Haemophilus
influenzae type b and Neisseria meningitidis serogroups C and
Y-tetanus toxoid conjugate vaccine in toddlers: a pooled analysis
of randomized trials. Hum Vaccin Immunother. 2012;8:1036–
1041. doi:10.4161/hv.20357.

12. Nolan T, Richmond P, Marshall H, McVernon J, Alexander K,
Mesaros N, Aris E, Miller J, Poolman J, Boutriau D.
Immunogenicity and safety of an investigational combined hae-
mophilus influenzae type B-Neisseria meningitidis serogroups C
and Y-tetanus toxoid conjugate vaccine. Pediatr Infect Dis J.
2011;30:190–196. doi:10.1097/INF.0b013e3181fcb2bf.

13. Nolan T, Lambert S, Roberton D, Marshall H, Richmond P,
Streeton C, Poolman J, Boutriau D. A novel combined
Haemophilus influenzae type b-Neisseria meningitidis serogroups
C and Y-tetanus-toxoid conjugate vaccine is immunogenic and
induces immune memory when co-administered with DTPa-
HBV-IPV and conjugate pneumococcal vaccines in infants.
Vaccine. 2007;25:8487–8499. doi:10.1016/j.vaccine.2007.10.013.

14. Bryant KA, Marshall GS. Haemophilus influenzae type b-Neisseria
meningitidis serogroups C and Y tetanus toxoid conjugate vaccine
for infants and toddlers. Expert Rev Vaccines. 2011;10:941–950.
doi:10.1586/erv.11.90.

15. Marshall GS, Marchant CD, Blatter M, Aris E, Boutriau D,
Poolman JT, Friedland LR, Miller JM. Immune response and
one-year antibody persistence after a fourth dose of a novel
Haemophilus influenzae type b and Neisseria meningitidis ser-
ogroups C and Y-tetanus toxoid conjugate vaccine (HibMenCY)
at 12 to 15 months of age. Pediatr Infect Dis J. 2010;29:469–471.
doi:10.1097/INF.0b013e3181cdd379.

16. Yeh SH, Gurtman A, Hurley DC, Block SL, Schwartz RH,
Patterson S, Jansen KU, Love J, Gruber WC, Emini EA, et al.
Immunogenicity and safety of 13-valent pneumococcal conjugate
vaccine in infants and toddlers. Pediatrics. 2010;126:e493–e505.
doi:http://dx.doi.org/10.1542/peds.2009-3027.

17. Rinderknecht S, Bryant K, Nolan T, Pavia-Ruz N, Doniz CA,
Weber MA, Cohen C, Aris E, Mesaros N, Miller JM. The safety
profile of Haemophilus influenzae type b-Neisseria meningitidis
serogroups C and Y tetanus toxoid conjugate vaccine
(HibMenCY). Hum Vaccin Immunother. 2012;8:304–311.
doi:10.4161/hv.18752.

18. Bernstein DI, Sack DA, Rothstein E, Reisinger K, Smith VE,
O’Sullivan D, Spriggs DR, Ward RL. Efficacy of live, attenuated,
human rotavirus vaccine 89-12 in infants: a randomised placebo-
controlled trial. Lancet. 1999;354:287–290. doi:10.1016/S0140-
6736(98)12106-2.

19. Plotkin SA. Vaccines: correlates of vaccine-induced immunity.
Clin Infect Dis. 2008;47:401–409. doi:10.1086/589862.

20. Käyhty H, Peltola H, Karanko V, Mäkelä PH. The protective level
of serum antibodies to the capsular polysaccharide of
Haemophilus influenzae type b. J Infect Dis. 1983;147:1100.
doi:10.1093/infdis/147.6.1100.

21. Anderson P. The protective level of serum antibodies to the
capsular polysaccharide of Haemophilus influenzae type b. J
Infect Dis. 1984;149:1034–1035.

22. AndrewsN, Borrow R,Miller E. Validation of serological correlate of
protection for meningococcal C conjugate vaccine by using efficacy
estimates from postlicensure surveillance in England. ClinDiagn Lab
Immunol. 2003;10:780–786. doi:10.1128/CDLI.10.5.780-786.2003.

23. Borrow R, Balmer P, Miller E. Meningococcal surrogates of pro-
tection–serum bactericidal antibody activity. Vaccine.
2005;23:2222–2227. doi:10.1016/j.vaccine.2005.01.051.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 337

http://www.clinicaltrials.gov
http://dx.doi.org/10.1097/qco.0000000000000417
http://dx.doi.org/10.1093/cid/cix993
http://dx.doi.org/10.1016/s1473-3099(14)70805-9
http://dx.doi.org/10.1056/NEJMoa1005384
http://dx.doi.org/10.1097/PEC.0b013e318294f709
https://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM308577.pdf
https://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM308577.pdf
https://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM308577.pdf
http://dx.doi.org/10.1177/1060028013514375
http://dx.doi.org/10.1542/peds.2009-2992
http://dx.doi.org/10.1097/INF.0b013e3181c3ce88
http://dx.doi.org/10.4161/hv.20357
http://dx.doi.org/10.1097/INF.0b013e3181fcb2bf
http://dx.doi.org/10.1016/j.vaccine.2007.10.013
http://dx.doi.org/10.1586/erv.11.90
http://dx.doi.org/10.1097/INF.0b013e3181cdd379
http://dx.doi.org/http://dx.doi.org/10.1542/peds.2009-3027
http://dx.doi.org/10.4161/hv.18752
http://dx.doi.org/10.1016/S0140-6736(98)12106-2
http://dx.doi.org/10.1016/S0140-6736(98)12106-2
http://dx.doi.org/10.1086/589862
http://dx.doi.org/10.1093/infdis/147.6.1100
http://dx.doi.org/10.1128/CDLI.10.5.780-786.2003
http://dx.doi.org/10.1016/j.vaccine.2005.01.051


24. Siber GR, Chang I, Baker S, Fernsten P, O’Brien KL, Santosham
M, Klugman KP, Madhi SA, Paradiso P, Kohberger R. Estimating
the protective concentration of anti-pneumococcal capsular poly-
saccharide antibodies. Vaccine. 2007;25:3816–3826. doi:10.1016/j.
vaccine.2007.01.119.

25. Jodar L, Butler J, Carlone G, Dagan R, Goldblatt D, Kayhty H,
Klugman K, Plikaytis B, Siber G, Kohberger R, et al. Serological
criteria for evaluation and licensure of new pneumococcal con-
jugate vaccine formulations for use in infants. Vaccine.
2003;21:3265–3272.

338 N. P. KLEIN ET AL.

http://dx.doi.org/10.1016/j.vaccine.2007.01.119
http://dx.doi.org/10.1016/j.vaccine.2007.01.119

	Abstract
	Introduction
	Results
	Demographics
	Immunogenicity
	Non-inferiority criteria
	Primary immune responses
	Booster immune responses
	Immune response to HAV

	Safety

	Discussion
	Materials and methods
	Study design and participants
	Study objectives
	Immunogenicity assessment
	Safety and reactogenicity assessment
	Statistical analyses

	Abbreviations
	Disclosure of potential conflicts of interest
	Acknowledgments
	Funding
	Authors´ contributions
	Trial registration
	References

