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ABSTRACT
Two large pivotal phase III studies demonstrated the efficacy of the tetravalent dengue vaccine (CYD-TDV;
Dengvaxia�, Sanofi Pasteur) against all dengue serotypes. Here we present an unprecedented integrated
summary of the immunogenicity of CYD-TDV to identify the parameters driving the neutralizing humoral
immune response and evolution over time. We summarized the immunogenicity profiles of a 3-dose
schedule of CYD-TDV administered 6 months apart across 10 phase II and 6 phase III trials undertaken in
dengue endemic and non-endemic countries. Dengue neutralizing antibody titers in sera were
determined at centralized laboratories using the 50% plaque reduction neutralization test (PRNT50) at
baseline, 28 d after the third dose, and annually thereafter for up to 4 y after the third dose in some
studies. CYD-TDV elicits neutralizing antibody responses against all 4 dengue serotypes; geometric mean
titers (GMTs) increased from baseline to post-dose 3. GMTs were influenced by several parameters
including age, baseline dengue seropositivity and region. In the 2 pivotal studies, GMTs decreased initially
during the first 2 y post-dose 3 but appear to stabilize or slightly increase again in the third year. GMTs
persisted 1.2–3.2-fold higher than baseline levels for up to 4 y post-dose 3 in other studies undertaken in
dengue endemic countries. Our integrated analysis captures the fullness of the CYD-TDV immunogenicity
profile across studies, age groups and regions; by presenting the available data in this way general trends
and substantial outliers within each grouping can be easily identified. CYD-TDV elicits neutralizing
antibody responses against all dengue serotypes, with differences by age and endemicity, which persist
above baseline levels in endemic countries.
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Introduction

A recombinant yellow fever-17D–dengue virus, live, attenuated,
tetravalent dengue vaccine (CYD-TDV) has recently been
approved in several endemic countries for the prevention of
dengue in those aged � 9 y. The World Health Organization
(WHO) has also recommended the introduction of CYD-TDV
in regions with high dengue endemicity.1 These decisions were
based on efficacy, safety and immunogenicity data from 2 piv-
otal phase III studies involving � 31,000 children and adoles-
cents in Asia and Latin America,2,3 14 other supportive studies
as well as modeling analyses which suggested that the benefit-
risk profile of the vaccine may depend on the endemicity level
of the region considered.4,5 The approved CYD-TDV schedule,
3 doses administered 6 months apart, was shown in the 2 piv-
otal phase III studies to have pooled efficacy rates of 60.3%
against virologically-confirmed dengue for all participants and
72.7% against hospitalizations during the first 25 months.6

However, vaccine efficacy differed by serotype, was higher in
individuals with pre-existing dengue immunity (seropositive),
and appeared to increase directly with age in the Asian phase

III study. Whether age simply reflects accumulated exposure to
dengue or to other factors related to host physiology such as
maturity of the immune system and/or microvascular are
unknown.7

The CYD-TDV immunogenicity profile has been docu-
mented in reports from regions with varying epidemiological
settings, age groups and baseline dengue status.2,3,8-21 Here we
present an unprecedented integrated summary of dengue neu-
tralizing antibody geometric mean titers (GMTs) as measured
at centralized laboratories using the same standardized 50%
plaque reduction neutralization test (PRNT50) after 3 CYD-
TDV doses in infants, toddlers, children, adolescents and adults
aged up to 60 y from studies undertaken in endemic or non-
endemic areas. These results further elucidate vaccine-induced
dengue neutralizing antibody responses and persistence, and
complement critical analyses identifying factors that may influ-
ence vaccine protection. We also describe the neutralizing anti-
body response in participants aged <9 y and those living in
non-endemic regions, populations which are not indicated in
the approved CYD-TDV label.

CONTACT Claire Vigne claire.vigne@sanofi.com Research & Development, Sanofi Pasteur, 1541 Avenue Marcel M�erieux, 69280 Marcy l’Etoile, France.
Supplemental data for this article can be accessed on the publisher’s website.

© 2017 Sanofi Pasteur. Published with license by Taylor & Francis.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

HUMAN VACCINES & IMMUNOTHERAPEUTICS
2017, VOL. 13, NO. 9, 2004–2016
https://doi.org/10.1080/21645515.2017.1333211

https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2017.1333211&domain=pdf&date_stamp=2017-09-12
mailto:claire.vigne@sanofi.com
http://www.tandfonline.com/khvi
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/21645515.2017.1333211


Results

Studies and participants

A total of 5,780 participants aged � 9 months received at least
one dose of CYD-TDV and 5,499 (95.1%) received the third
CYD-TDV dose. The numbers of participants in studies under-
taken in Asia Pacific (including Australia) and Latin America
were 3,233 (55.9%) and 2,329 (40.3%), respectively, and there
were 218 (3.8%) in the 2 US studies (CYD12 and CYD51). Par-
ticipants included in the immunogenicity subset for CYD14,
CYD15, CYD23 and CYD28 had similar baseline demographic
data to the overall study population. The majority of partici-
pants were from endemic regions (4,400; 76.1%) and most were
children 6 to 11 y (1,833; 31.7%) and adolescents 12 to 17 y
(1,510; 26.1%). Overall, there were 3,104 (53.7%) participants
aged 9–45 y (2,810 [48.6%] aged 9 to 17 years) and 241 [4.2%]
aged 46–60 y included in this integrated analysis. Studies
undertaken in non-endemic regions recruited only adult
participants.

Dengue and Japanese encephalitis (JE)/Yellow fever (YF)
seropositivity rates at baseline in CYD-TDV recipients are
summarized in Table 1. In studies undertaken in dengue non-
endemic regions, the proportion of participants who were den-
gue seropositive at baseline ranged from 6.6% (43/653; CYD17)
to 16.8% (17/101; CYD12). The most common dengue serotypes
detected were serotypes 3 and 4. Some participants in CYD51
had previously been vaccinated against YF and as such, the pro-
portion of flavivirus seropositive participants corresponded
mainly to those who were YF seropositive (66.7%; 78/117).

A high proportion of participants were dengue seropositive
in studies undertaken in dengue endemic Asia-Pacific coun-
tries; seropositive rates ranged from 44.1% (78/177; CYD08) to
86.5% (109/126; CYD47), except for one study undertaken in
Singapore, CYD28 (26.7%; 114/427), which had a much lower
seropositivity rate (Table 1). Baseline dengue seropositivity
generally increased with age: dengue seropositivity ranged from
47.1% (66/140; CYD28) to 95.0% (19/20; CYD22) in adults;
13.6% (19/140; CYD28) to 80.0% (320/400; CYD14) in adoles-
cents; 19.8% (20/101; CYD28) to 72.5% (124/171; CYD23) in
children aged 6–11 years; 19.6% (9/46; CYD28) to 60.0% (24/
40; CDY22) in children aged 2–5 years; and it was 44.1% in the
one study with infants and toddlers. The most common dengue
serotypes detected were serotypes 1, 2 and 3 in adults, serotypes
2 and 3 in adolescents, children aged 6 to 11 y and 2 to 5 y, and
serotype 3 in infants and toddlers.

Studies undertaken in dengue endemic Latin American
countries had similar trends in baseline dengue seropositivity
rates as those undertaken in dengue endemic Asia-Pacific
countries. Dengue seropositivity rates ranged from 37.8% (74/
196; CYD24) to 80.7% (1048/1299; CYD15), except in CYD29
(3.9%; 4/103) and CYD33 (6.5%; 14/216) where dengue sero-
positive rates were much lower than in other studies which
may be explained by the lower age group recruited into these 2
studies (infants and toddlers only) (Table 1). In addition, den-
gue seropositivity rates generally increased with age: these
ranged from 80.2% (186/232; CYD13) to 84.3% (554/657;
CYD15) in adolescents; 36.1% (35/97; CYD24) to 76.9% (494/
642; CYD15) in children aged 6–11 years; and 39.4% (39/99;
CYD24) in the one study that included children aged 2–5 y.

The most and equally represented serotypes were serotypes 2
and 3 in all age groups.

The proportion of participants with neutralizing dengue
antibody responses to at least 2 serotypes at baseline is summa-
rized in Supplementary Table S1 by age group, study and
region. In general, the proportion of participants with neutral-
izing dengue antibody responses to at least 2 serotypes
increased with age in the 2 endemic regions.

CYD-TDV immunogenicity

Baseline and post-dose 3 dengue neutralizing antibody GMTs
varied across studies depending on region and age group
(Table 2) — in general, GMTs were usually higher in adults
and adolescents compared with children aged 6 to 11 years, 2
to 5 y and infants and toddlers in trials conducted in endemic
regions (studies in non-endemic regions were in adults only).
However, the reverse tended to occur in those who were sero-
negative at baseline, with higher post-dose 3 GMTs in younger
children than adolescents and adults. Nonetheless, GMTs
against each of the 4 dengue serotypes increased from baseline
to 28 d post-dose 3 in all studies, regardless of region and age.
There was a trend toward lower GMTs against serotype 1 in
most studies compared with serotypes 2, 3 and 4: the GMT
ratios (GMTRs) post-dose 3 to baseline ranged from 1.42
(CYD51) to 9.99 (CYD08) for serotype 1; from 2.03 (CYD22)
to 18.9 (CYD33) for serotype 2; from 2.46 (CYD22) to 19.8
(CYD33) for serotype 3; and 3.35 (CYD14) to 22.9 (CYD30)
for serotype 4. No specific gender effect was observed on neu-
tralizing antibody GMTs (data not shown).

In adults, both baseline and post-dose 3 GMTs were consis-
tently higher in endemic regions than non-endemic regions
(Fig. S1). No data are available for adolescents and children in
non-endemic region with CYD-TDV. There was a trend
toward higher GMTs post-dose 3 for all serotypes in endemic
Latin American countries compared with Asia Pacific endemic
countries in adolescents and children aged 6–11 y (Figs. S2–
S3), despite limited differences in baseline titers between the 2
regions. No differences were observed between endemic regions
in infants and toddlers.

Participants who were seropositive to at least one dengue
serotype at baseline in general achieved higher post-dose 3
GMTs for all serotypes than those who were seronegative
regardless of the region. The impact of the dengue immune sta-
tus at baseline on the immune response against each serotype is
illustrated by the reverse cumulative distribution curves by
region for adolescents (Fig. 1). In children, the same trend was
observed for all 4 serotypes but to a lesser extent than in adoles-
cents (Fig. S4). In infants and toddlers, there were insufficient
data to draw any conclusions.

Although dengue seropositive participants achieved higher
post-dose 3 GMTs than those who were seronegative, the mag-
nitude of the increase in immune response was higher in the
latter group of participants. The post-dose 3/baseline GMTRs
for each serotype ranged from 3.53 to 13.7 for baseline dengue
seronegative participants compared with 2.37 to 3.75 for base-
line dengue seropositive participants in the 2 pivotal efficacy
studies. These observations were consistent across all studies
and age groups, except in infants and toddlers where

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2005



Ta
bl
e
1.

St
ud

ie
s
in
cl
ud

ed
in
th
e
an
al
ys
is
.

St
ud

y,
st
ud

y
re
gi
st
ra
tio

n
an
d

re
fe
re
nc
e

Lo
ca
tio

n
St
ud

y
de
si
gn

Po
pu

la
tio

n
G
ro
up

s
(r
an
do
m
iz
e,
n)

#

D
en
gu

e
se
ro
po
si
tiv
e

at
ba
se
lin
e
in
th
e
CY
D
-

TD
V
gr
ou
p1

JE
/Y
F
se
ro
po
si
tiv
e
at

ba
se
lin
e
in
th
e
CY
D
-T
D
V

gr
ou
p1

N
on

-e
nd

em
ic
co
un

tr
ie
s

CY
D
12
,N

CT
00
61
73
44

8
U
SA

Ph
as
e
II;
ra
nd

om
iz
ed
,

do
ub
le
-b
lin
d,
co
nt
ro
lle
d;

up
to

18
m
on
th
s
fo
llo
w
-

up

Ad
ul
ts
ag
ed

18
–4
5
y

–C
YD

-T
D
V
(5
55
5;
�5

lo
g1
0
TC
ID
50

se
ro
ty
pe
s
1–
4)
;n

D
10
4

17
/1
01

(1
6.
8%

)
N
ot

te
st
ed

–C
YD

-T
D
V
(5
55
3;
�5

lo
g1
0
TC
ID
50

se
ro
ty
pe
s
1–
3
an
d
�3

lo
g1
0

TC
ID
50

se
ro
ty
pe

4)
;n

D
10
3

–C
YD

-T
D
V
(4
44
4;
�4

lo
g1
0
TC
ID
50

se
ro
ty
pe
s
1–
4)
;n

D
53

CY
D
51
,N

CT
01
48
88
90

9
U
SA

Ph
as
e
II;
ra
nd

om
iz
ed

op
en
-

la
be
l;
up

to
18

m
on
th
s

du
ra
tio

n

Ad
ul
ts
ag
ed

18
to

45
y

–C
YD

-T
D
V;
n
D

12
0

9/
11
7
(7
.7
%
)

78
/1
17

(6
6.
7%

)(
YF
)�

–C
YD

-T
D
V
(c
om

pr
es
se
d)

x ;
n
D

12
0

–C
YD

-T
D
V
(c
om

pr
es
se
d)

x p
lu
s
YF
;

n
D

12
0

–Y
F;
n
D

30
CY
D
17
,N

CT
01
13
42
63

10
Au

st
ra
lia

Ph
as
e
III
;r
an
do
m
iz
ed
,

bl
in
de
d,
co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

Ad
ul
ts
ag
ed

18
–6
0
y

–C
YD

-T
D
V
(3
ph

as
e
III
lo
ts
);
n
D

49
0

43
/6
53

(6
.6
%
)

N
ot

te
st
ed

–C
YD

-T
D
V
(1
ph

as
e
II
lo
t)
;n

D
16
8

–P
la
ce
bo
;n

D
57

En
de
m
ic
A
si
a-
Pa
ci
fi
c
co
un

tr
ie
s

CY
D
08
,N

CT
01
06
41
41

11
Th
e
Ph
ili
pp

in
es

Ph
as
e
II;
m
od
ifi
ed

do
ub

le
-

bl
in
d
st
ag
e
fo
rt
he

fi
rs
t

va
cc
in
at
io
n
an
d
op
en
-

la
be
lt
he
re
af
te
r;
up

to
18

m
on
th
s
fo
llo
w
-u
p

To
dd

le
rs
ag
ed

12
–1
5
m
on
th
s

–C
YD

-T
D
V�
;n

D
60

78
/1
77

(4
4.
1%

)
14
/1
78

(7
.9
%
)(J
E)

–C
on
tr
ol
va
cc
in
es

� ;
n
D

30
–C

YD
-T
D
V
pl
us

M
M
R;
n
D

60
–C

YD
-T
D
V
pl
us

pl
ac
eb
o�
;n

D
60

CY
D
22
,N

CT
00
87
55
24

12
Vi
et
na
m

Ph
as
e
II;
ra
nd

om
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

Ch
ild
re
n
an
d
ad
ul
ts
(a
ge

ra
ng

e:
2–
45

y)
–C

YD
-T
D
V;
n
D

12
0

85
/1
20

(7
0.
8%

)
44
/1
19

(3
7.
0%

)(
JE
)

–C
on
tr
ol
va
cc
in
es
;n

D
60

CY
D
28
,N

CT
00
88
08
93

13
Si
ng

ap
or
e

Ph
as
e
II;
ra
nd

om
iz
ed
,

bl
in
de
d,
co
nt
ro
lle
d;
up

to
13

m
on
th
s
fo
llo
w
-u
p

Ch
ild
re
n
an
d
ad
ul
ts
(a
ge

ra
ng

e:
2–
45

y)
–C

YD
-T
D
V;
n
D

89
8

11
4/
42
7
(2
6.
7%

)
N
ot

te
st
ed

–P
la
ce
bo
/c
on
tr
ol
va
cc
in
es
;n

D
30
0

CY
D
32
,N

CT
01
25
44
22

14
M
al
ay
si
a

Ph
as
e
II;
ra
nd

om
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

Ch
ild
re
n
ag
ed

2–
11

y
–C

YD
-T
D
V;
n
D

19
9

88
/1
96

(4
4.
9%

)
67
/1
96

(3
4.
2%

)(
JE
)

–P
la
ce
bo
;n

D
51

CY
D
47
,N

CT
01
55
02
89

15
In
di
a

Ph
as
e
II;
ra
nd

om
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

Ad
ul
ts
ag
ed

18
–4
5
y

–C
YD

-T
D
V;
n
D

12
8

10
9/
12
6
(8
6.
5%

)
86
/1
26

(6
8.
3%

)(
JE
)

–P
la
ce
bo
;n

D
61

CY
D
23
,N

CT
00
84
25
30

16
Th
ai
la
nd

Ph
as
e
IIb
;r
an
do
m
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
25

m
on
th
s
fo
llo
w
-u
py

Ch
ild
re
n
an
d
ad
ol
es
ce
nt
s

ag
ed

4–
11

y
–C

YD
-T
D
V;
n
D

2,
66
9

13
8/
19
7
(7
0.
1%

)
15
7/
19
7
(7
9.
7%

)(
JE
)

–C
on
tr
ol
va
cc
in
es
;n

D
1,
33
3

CY
D
14
,N

CT
01
37
32
81

3
In
do
ne
si
a,
M
al
ay
si
a,
th
e

Ph
ili
pp

in
es
,T
ha
ila
nd

an
d
Vi
et
na
m

Ph
as
e
III
;r
an
do
m
iz
ed
,

bl
in
de
d,
co
nt
ro
lle
d;
up

to
6
y
fo
llo
w
-u
p
(o
n-
go
in
g)

Ch
ild
re
n
ag
e
2–
14

y
–C

YD
-T
D
V;
n
D

6,
85
1

89
6/
13
15

(6
8.
1%

)
70
2/
13
19

(5
3.
2%

)(
JE
)

–P
la
ce
bo
;n

D
3,
42
4

2006 C. VIGNE ET AL.



En
de
m
ic
La
tin

A
m
er
ic
an

co
un

tr
ie
s

CY
D
13
,N

CT
00
99
34
47

17
Co
lo
m
bi
a,
H
on
du

ra
s,

M
ex
ic
o
an
d
Pu
er
to

Ri
co

Ph
as
e
II;
ra
nd

om
iz
ed
,

bl
in
de
d,
co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

Ch
ild
re
n
an
d
ad
ol
es
ce
nt
s

ag
ed

9–
16

y
–C

YD
-T
D
V;
n
D

40
1

30
1/
40
1
(7
5.
1%

)
28
1/
40
1
(7
0.
1%

)(
YF
)

–P
la
ce
bo
/c
on
tr
ol
va
cc
in
es
;n

D
19
9

CY
D
30
,N

CT
01
18
74
33

18
Br
az
il

Ph
as
e
II;
ra
nd

om
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

Ch
ild
re
n
an
d
ad
ol
es
ce
nt
s

ag
ed

9–
16

y
–C

YD
-T
D
V;
n
D

10
0

68
/9
9
(6
8.
7%

)
70
/9
9
(7
0.
7%

)(
YF
)

–P
la
ce
bo
;n

D
50

CY
D
33
,N

CT
01
41
12
41

19
M
ex
ic
o

Ph
as
e
II;
ra
nd

om
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

To
dd

le
rs
ag
ed

15
–1
8
m
on
th
s

–C
YD

-T
D
V
pl
us

D
Ta
P-
IP
V/
/H
ib
z ;
n
D

36
6

14
/2
16

(6
.5
%
)

N
ot

te
st
ed

–C
YD

-T
D
V
pl
us

pl
ac
eb
oz
;n

D
36
6

CY
D
24
,N

CT
00
78
81
51

20
Pe
ru

Ph
as
e
II;
ra
nd

om
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
13

m
on
th
s
fo
llo
w
-u
p

Ch
ild
re
n
ag
ed

2–
11

y
–C

YD
-T
D
V;
n
D

20
0

74
/1
96

(3
7.
8%

)
17
1/
19
9
(8
5.
9%

)(Y
F)

–P
la
ce
bo
/c
on
tr
ol
va
cc
in
es
;n

D
10
0

CY
D
15
,N

CT
01
37
45
16

2
Co
lo
m
bi
a,
Br
az
il,
M
ex
ic
o,

Pu
er
to

Ri
co

an
d

H
on
du

ra
s

Ph
as
e
III
;r
an
do
m
iz
ed
,

bl
in
de
d,
co
nt
ro
lle
d;
up

to
6
y
fo
llo
w
-u
p
(o
n-
go
in
g)

Ch
ild
re
n
an
d
ad
ol
es
ce
nt
s

ag
ed

9–
16

y
–C

YD
-T
D
V;
n
D

13
,9
20

10
48
/1
29
9
(8
0.
7%

)
10
42
/1
29
5
(8
0.
5%

)(
YF
)

–P
la
ce
bo
;n

D
6,
94
9

CY
D
29
,N

CT
01
43
63
96

21
Co
lo
m
bi
a
an
d
Pe
ru

Ph
as
e
III
;r
an
do
m
iz
ed
,

ob
se
rv
er
-b
lin
d,

co
nt
ro
lle
d;
up

to
18

m
on
th
s
fo
llo
w
-u
p

To
dd

le
rs
ag
ed

12
–1
3
m
on
th
s

–Y
F
pl
us

CY
D
-T
D
V<

;n
D

39
6

4/
10
3
(3
.9
%
)

7/
11
1
(6
.3
%
)(
YF
)

–Y
FC

pl
ac
eb
o,
an
d
CY
D
-T
D
V<

;n
D

39
6

# C
YD

-T
D
V
ad
m
in
is
te
re
d
as

a
3-
do
se

sc
he
du

le
6
m
on
th
s
ap
ar
tu

nl
es
s
st
at
ed
.n

re
pr
es
en
ts
th
e
nu

m
be
rr
an
do
m
iz
ed
.

1
D
at
a
ar
e
sh
ow

n
fo
rt
he

gr
ou
p
co
ns
id
er
ed

in
th
is
in
te
gr
at
ed

an
al
ys
is
on
ly
.

� S
om

e
pa
rt
ic
ip
an
ts
ha
d
re
ce
iv
ed

pr
io
rY

F
va
cc
in
at
io
n

x C
om

pr
es
se
d
re
fe
rs
to

CY
D
-T
D
V
ad
m
in
is
te
ri
n
a
co
m
pr
es
se
d
sc
he
du

le
at
0,
2
an
d
6
m
on
th
s.

� T
od
dl
er
s
re
ce
iv
ed

M
M
R
va
cc
in
at
io
n
(T
RI
M
O
VA

X;
Sa
no
fi
Pa
st
eu
r,
Fr
an
ce
)1

m
on
th

ea
rli
er
(M

¡1
).

y 3
20
3
of

40
02

pa
rt
ic
ip
an
ts
(8
0%

)e
nr
ol
le
d
in
th
e
ph

as
e
IIb

CY
D
23

tr
ia
lw

er
e
fo
llo
w
ed

fo
rs
af
et
y
in
th
e
CY
D
57

tr
ia
l.

<
YF

va
cc
in
e
co
nc
om

ita
nt
ly
w
ith

CY
D
-T
D
V
or

pl
ac
eb
o,
fo
llo
w
ed

by
CY
D
-T
D
V
af
te
r6

an
d
12

m
on
th
s

z A
ll
pa
rt
ic
ip
an
ts
re
ce
iv
ed

th
e
fi
rs
tC

YD
-T
D
V
do
se

fo
llo
w
ed

at
6
m
on
th
s
by

bo
os
te
rD

Ta
P-
IP
V/
/H
ib
va
cc
in
e
co
-a
dm

in
is
te
re
d
w
ith

th
e
se
co
nd

do
se

of
CY
D
-T
D
V
or

D
Ta
P-
IP
V/
/H
ib
va
cc
in
e
pl
us

pl
ac
eb
o.
At

m
on
th

7,
a
se
co
nd

CY
D
-T
D
V
do
se

w
as

gi
ve
n
to

th
e
gr
ou
p
th
at
di
d
no
tr
ec
ei
ve

it
at
m
on
th

6
w
hi
le
pl
ac
eb
o
in
je
ct
io
n
w
as

ad
m
in
is
te
re
d
to

th
e
ot
he
rt
o
m
ai
nt
ai
n
bl
in
di
ng

.T
he

th
ird

do
se

of
CY
D
-T
D
V
w
as

ad
m
in
is
te
re
d
at
m
on
th

12
us
in
g
an

op
en
-la
be
lp
ro
ce
du

re
.A
ll
pa
r-

tic
ip
an
ts
al
so

re
ce
iv
ed

a
M
M
R
va
cc
in
e
an
d
pn

eu
m
oc
oc
ca
lc
on
ju
ga
te
d
va
cc
in
e
at
m
on
th

1.
D
Ta
P-
IP
V/
/H
ib
,d
ip
ht
he
ria
,t
et
an
us
,a
ce
llu
la
rp
er
tu
ss
is,
in
ac
tiv
at
ed

po
lio
vi
ru
sa
nd

ha
em

op
hi
lu
si
nfl
ue
nz
ae

ty
pe

b
po
ly
sa
cc
ha
rid
ec
on
ju
ga
te
d
to
te
ta
nu
sp

ro
te
in
co
m
bi
ne
d
va
cc
in
e;
M
M
R,
m
ea
sle
s,
m
um

ps
an
d
ru
be
lla
va
cc
in
e;
YF
,y
el
lo
w
fe
ve
rv
ac
ci
ne

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2007



Ta
bl
e
2.

D
en
gu

e
ne
ut
ra
liz
in
g
an
tib

od
y
ge
om

et
ric

m
ea
n
tit
er
s
at
ba
se
lin
e
(p
re
-d
os
e
1)
an
d
po
st
-d
os
e
3
fo
re
ac
h
se
ro
ty
pe
,b
y
re
gi
on

an
d
ag
e
gr
ou
p
(fu

ll
an
al
ys
is
se
t)
.

D
en
gu

e
G
ro
up

Se
ro
ty
pe

1
Se
ro
ty
pe

2
Se
ro
ty
pe

3
Se
ro
ty
pe

4

Pr
e-
do
se

1
Po
st
-d
os
e
3

Pr
e-
do
se

1
Po
st
-d
os
e
3

Pr
e-
do
se

1
Po
st
-d
os
e
3

Pr
e-
do
se

1
Po
st
-d
os
e
3

G
M
T
(M

)
G
M
T
(M

)
G
M
T
(M

)
G
M
T
(M

)
G
M
T
(M

)
G
M
T
(M

)
G
M
T
(M

)
G
M
T
(M

)
Ag

e
G
ro
up

St
ud

y
N

(9
5%

CI
)

(9
5%

CI
)

N
(9
5%

CI
)

(9
5%

CI
)

N
(9
5%

CI
)

(9
5%

CI
)

N
(9
5%

CI
)

(9
5%

CI
)

N
on
-e
nd

em
ic

Ad
ul
ts

CY
D
12

10
1

5.
04

(1
01
)

24
.4
(6
9)

10
1

5.
13

(1
01
)

54
.8
(7
0)

10
1

6.
60

(1
01
)

63
.5
(7
0)

10
1

5.
26

(1
01
)

13
3
(6
9)

(4
.9
6;
5.
13
)

(1
8.
5;
32
.1
)

(4
.8
7;
5.
40
)

(3
8.
7;
77
.7
)

(5
.7
8;
7.
53
)

(4
6.
9;
85
.9
)

(4
.9
6;
5.
59
)

(9
8.
6;
17
9)

CY
D
17

65
5

5.
12

(6
54
)

18
.0
(5
66
)

65
5

5.
22

(6
53
)

45
.3
(5
66
)

65
5

5.
31

(6
53
)

74
.9
(5
66
)

65
5

5.
24

(6
54
)

11
1
(5
65
)

(5
.0
5;
5.
21
)

(1
6.
3;
19
.8
)

(5
.0
5;
5.
39
)

(3
9.
8;
51
.5
)

(5
.1
4;
5.
49
)

(6
8.
2;
82
.4
)

(5
.1
1;
5.
38
)

(9
9.
2;
12
5)

CY
D
51

11
7

5.
38

(1
17
)

14
.8
(9
3)

11
7

5.
19

(1
17
)

51
.2
(9
4)

11
7

5.
32

(1
17
)

45
.7
(9
4)

11
7

5.
78

(1
17
)

66
.8
(9
4)

(4
.8
5;
5.
96
)

(1
1.
3;
19
.4
)

(4
.8
2;
5.
58
)

(3
8.
2;
68
.6
)

(4
.9
4;
5.
73
)

(3
5.
0;
59
.8
)

(5
.1
6;
6.
48
)

(5
0.
9;
87
.8
)

En
de
m
ic
As
ia
-P
ac
ifi
c
co
un
tr
ie
s

Ad
ul
ts

CY
D
22

20
32
7
(2
0)

69
5
(1
8)

20
35
0
(2
0)

82
5
(1
8)

20
16
0
(2
0)

42
4
(1
8)

20
75
.0
(2
0)

37
5
(1
8)

(1
48
;7
25
)

(3
35
;1
44
3)

(1
68
;7
30
)

(4
93
;1
38
3)

(8
7.
5;
29
1)

(2
86
;6
27
)

(3
5.
0;
16
1)

(2
51
;5
61
)

CY
D
28

14
8

15
.8
(1
42
)

48
.7
(1
27
)

14
8

16
.9
(1
41
)

66
.9
(1
27
)

14
8

14
.5
(1
41
)

88
.4
(1
27
)

14
8

10
.1
(1
40
)

12
2
(1
26
)

(1
1.
7;
21
.5
)

(3
3.
6;
70
.4
)

(1
2.
3;
23
.1
)

(4
7.
9;
93
.5
)

(1
1.
2;
18
.7
)

(6
8.
6;
11
4)

(8
.0
3;
12
.7
)

(9
6.
5;
15
5)

CY
D
47

12
6

18
4
(1
26
)

46
1
(1
15
)

12
6

20
4
(1
26
)

48
4
(1
15
)

12
6

21
9
(1
26
)

70
9
(1
15
)

12
6

55
.4
(1
26
)

33
6
(1
15
)

(1
27
;2
68
)

(3
40
;6
25
)

(1
41
;2
94
)

(3
70
;6
34
)

(1
53
;3
12
)

(5
52
;9
11
)

(4
1.
4;
74
.2
)

(2
71
;4
17
)

Ad
ol
es
ce
nt
s

CY
D
14

40
0

93
.1
(3
97
)

30
5
(3
96
)

40
0

15
2
(3
97
)

59
2
(3
96
)

40
0

84
.2
(3
95
)

30
9
(3
96
)

40
0

51
.2
(3
99
)

21
3
(3
96
)

(7
3.
5;
11
8)

(2
49
;3
72
)

(1
21
;1
90
)

(5
06
;6
92
)

(6
7.
6;
10
5)

(2
61
;3
67
)

(4
2.
4;
61
.8
)

(1
85
;2
45
)

CY
D
22

20
59
.9
(2
0)

19
2
(2
0)

20
83
.2
(2
0)

33
4
(2
0)

20
36
.3
(2
0)

13
5
(2
0)

20
26
.9
(2
0)

18
3
(2
0)

(1
7.
7;
20
3)

(6
8.
6;
53
6)

(2
9.
5;
23
5)

(1
32
;8
45
)

(1
7.
1;
76
.9
)

(6
6.
9;
27
4)

(1
2.
2;
59
.2
)

(8
7.
0;
38
5)

CY
D
28

14
1

6.
47

(1
41
)

28
.5
(1
35
)

14
1

7.
45

(1
41
)

48
.7
(1
35
)

14
1

6.
84

(1
40
)

71
.4
(1
34
)

14
1

5.
83

(1
40
)

79
.2
(1
35
)

(5
.3
1;
7.
89
)

(2
1.
4;
37
.9
)

(5
.9
5;
9.
33
)

(3
7.
4;
63
.5
)

(5
.8
1;
8.
06
)

(5
6.
3;
90
.7
)

(5
.1
7;
6.
56
)

(6
4.
2;
97
.8
)

Ch
ild
re
n
6–
11
y

CY
D
14

46
8

42
.6
(4
63
)

14
9
(4
66
)

46
8

63
.1
(4
65
)

32
1
(4
64
)

46
8

48
.8
(4
61
)

22
2
(4
64
)

46
8

29
.0
(4
64
)

15
3
(4
65
)

(3
4.
5;
52
.5
)

(1
26
;1
76
)

(5
1.
1;
77
.9
)

(2
80
;3
68
)

(3
9.
8;
59
.9
)

(1
90
;2
59
)

(2
4.
5;
34
.2
)

(1
37
;1
72
)

CY
D
22

40
26
.8
(4
0)

93
.9
(3
7)

40
28
.1
(4
0)

18
5
(3
7)

40
24
.1
(4
0)

14
7
(3
7)

40
12
.9
(4
0)

13
1
(3
7)

(1
3.
2;
54
.3
)

(5
4.
4;
16
2)

(1
5.
2;
51
.9
)

(1
16
;2
95
)

(1
4.
0;
41
.4
)

(1
04
;2
06
)

(8
.5
5;
19
.6
)

(9
3.
0;
18
5)

CY
D
23

17
1

48
.5
(1
71
)

17
2
(1
63
)

17
1

66
.4
(1
71
)

38
4
(1
63
)

17
1

35
.3
(1
71
)

37
4
(1
63
)

17
1

32
.2
(1
71
)

16
4
(1
63
)

(3
3.
9;
69
.4
)

(1
25
;2
36
)

(4
6.
0;
95
.7
)

(2
95
;4
98
)

(2
6.
6;
46
.9
)

(3
00
;4
65
)

(2
4.
2;
42
.8
)

(1
37
;1
96
)

CY
D
28

10
3

5.
49

(1
02
)

53
.7
(9
9)

10
3

6.
01

(1
01
)

95
.5
(9
9)

10
3

6.
21

(1
01
)

12
8
(9
9)

10
3

5.
63

(1
02
)

10
9
(9
9)

(5
.1
1;
5.
89
)

(4
1.
5;
69
.6
)

(5
.1
0;
7.
08
)

(7
3.
3;
12
4)

(5
.4
2;
7.
11
)

(1
02
;1
60
)

(5
.0
7;
6.
25
)

(8
8.
1;
13
4)

CY
D
32

10
0

22
.2
(1
00
)

19
2
(1
00
)

10
0

22
.5
(1
00
)

20
3
(1
00
)

10
0

20
.0
(1
00
)

22
0
(1
00
)

10
0

11
.8
(1
00
)

12
3
(1
00
)

(1
4.
1;
34
.8
)

(1
36
;2
72
)

(1
4.
2;
35
.6
)

(1
44
;2
85
)

(1
3.
7;
29
.2
)

(1
64
;2
95
)

(8
.7
9;
15
.8
)

(9
5.
7;
15
9)

Ch
ild
re
n
2–
-5
y

CY
D
14

45
5

15
.7
(4
49
)

10
9
(4
54
)

45
5

19
.9
(4
51
)

25
2
(4
54
)

45
5

17
.1
(4
51
)

13
6
(4
54
)

45
5

11
.8
(4
50
)

11
0
(4
54
)

(1
3.
1;
18
.8
)

(9
3.
5;
12
6)

(1
6.
5;
24
.0
)

(2
22
;2
87
)

(1
4.
4;
20
.3
)

(1
19
;1
55
)

(1
0.
4;
13
.5
)

(9
8.
6;
12
2)

CY
D
22

40
9.
38

(4
0)

64
.7
(3
9)

40
8.
01

(4
0)

10
7
(3
9)

40
18
.7
(4
0)

14
3
(3
9)

40
8.
55

(4
0)

92
.7
(3
9)

(6
.1
8;
14
.2
)

(3
8.
0;
11
0)

(5
.6
3;
11
.4
)

(7
5.
9;
15
2)

(1
1.
1;
31
.5
)

(9
2.
9;
22
0)

(5
.9
4;
12
.3
)

(6
2.
6;
13
7)

CY
D
23

26
18
.7
(2
6)

78
.0
(2
5)

26
20
.5
(2
6)

23
0
(2
5)

26
14
.9
(2
6)

23
5
(2
5)

26
11
.5
(2
6)

88
.0
(2
5)

(8
.0
0;
43
.6
)

(3
7.
7;
16
1)

(8
.0
6;
52
.2
)

(1
47
;3
60
)

(7
.6
2;
29
.3
)

(1
62
;3
41
)

(6
.9
2;
19
.0
)

(5
9.
7;
13
0)

CY
D
28

46
5.
00

(4
6)

63
.6
(4
5)

46
5.
52

(4
6)

11
5
(4
5)

46
6.
31

(4
6)

15
5
(4
5)

46
5.
65

(4
6)

95
.2
(4
4)

(N
C)

(4
7.
9;
84
.4
)

(4
.7
7;
6.
39
)

(7
8.
8;
16
8)

(5
.0
9;
7.
82
)

(1
18
;2
03
)

(4
.9
8;
6.
40
)

(6
6.
9;
13
6)

CY
D
32

96
10
.4
(9
6)

11
7
(9
6)

96
11
.1
(9
6)

15
8
(9
6)

96
12
.1
(9
6)

16
8
(9
6)

96
8.
28

(9
6)

10
5
(9
6)

(7
.5
1;
14
.5
)

(9
1.
2;
15
1)

(7
.7
9;
15
.7
)

(1
25
;2
01
)

(8
.9
7;
16
.3
)

(1
36
;2
08
)

(6
.4
4;
10
.6
)

(8
6.
0;
12
9)

In
fa
nt
s
an
d
to
dd

le
rs

CY
D
08

17
8

6.
05

(1
78
)

11
2
(1
75
)

17
8

8.
15

(1
78
)

17
6
(1
75
)

17
8

12
.7
(1
77
)

35
1
(1
75
)

17
8

6.
88

(1
78
)

14
3
(1
75
)

(5
.4
8;
6.
68
)

(9
3.
5;
13
4)

(6
.6
2;
10
.0
)

(1
42
;2
19
)

(1
0.
1;
15
.9
)

(2
95
;4
17
)

(6
.1
0;
7.
75
)

(1
23
;1
66
)

2008 C. VIGNE ET AL.



En
de
m
ic
La
tin

Am
er
ic
an

co
un
tr
ie
s

Ad
ol
es
ce
nt
s

CY
D
13

23
2

10
4
(2
32
)

40
6
(2
13
)

23
2

12
8
(2
32
)

52
3
(2
13
)

23
2

12
5
(2
32
)

63
5
(2
13
)

23
2

45
.3
(2
32
)

29
9
(2
13
)

(7
7.
1;
13
9)

(3
08
;5
34
)

(9
6.
1;
17
0)

(4
25
;6
43
)

(9
3.
7;
16
6)

(5
17
;7
80
)

(3
5.
9;
57
.2
)

(2
55
;3
50
)

CY
D
15

65
8

16
3
(6
55
)

46
6
(6
51
)

65
8

17
9
(6
57
)

68
4
(6
51
)

65
8

14
6
(6
57
)

55
4
(6
51
)

65
8

50
.4
(6
56
)

27
7
(6
51
)

(1
37
;1
94
)

(3
99
;5
45
)

(1
52
;2
11
)

(6
05
;7
72
)

(1
24
;1
71
)

(4
88
;6
28
)

(4
4.
0;
57
.7
)

(2
52
;3
05
)

CY
D
30

59
75
.6
(5
9)

37
1
(5
3)

59
12
7
(5
9)

81
6
(5
3)

59
13
9
(5
9)

94
4
(5
3)

59
19
.7
(5
9)

46
7
(5
3)

(4
3.
4;
13
2)

(2
33
;5
90
)

(7
6.
3;
21
1)

(5
44
;1
22
4)

(7
4.
3;
26
1)

(6
27
;1
42
0)

(1
3.
8;
28
.2
)

(3
34
;6
53
)

Ch
ild
re
n
6–
11
y

CY
D
13

16
9

46
.8
(1
69
)

22
9
(1
51
)

16
9

59
.5
(1
69
)

44
0
(1
51
)

16
9

50
.2
(1
69
)

54
1
(1
51
)

16
9

28
.3
(1
69
)

23
9
(1
51
)

(3
2.
5;
67
.4
)

(1
64
;3
19
)

(4
1.
6;
85
.2
)

(3
39
;5
69
)

(3
5.
9;
70
.2
)

(4
32
;6
78
)

(2
1.
5;
37
.4
)

(1
97
;2
92
)

CY
D
15

64
3

99
.9
(6
42
)

33
3
(6
40
)

64
3

10
6
(6
42
)

48
0
(6
40
)

64
3

10
0
(6
43
)

46
6
(6
40
)

64
3

37
.6
(6
41
)

21
0
(6
40
)

(8
2.
8;
12
0)

(2
85
;3
90
)

(8
9.
2;
12
6)

(4
29
;5
38
)

(8
4.
2;
11
9)

(4
12
;5
27
)

(3
2.
8;
43
.1
)

(1
91
;2
31
)

CY
D
24

99
18
.4
(9
7)

15
7
(9
6)

99
17
.5
(9
8)

16
3
(9
6)

99
16
.6
(9
8)

17
1
(9
6)

99
8.
50

(9
8)

15
2
(9
5)

(1
2.
0;
28
.4
)

(1
15
;2
16
)

(1
1.
6;
26
.3
)

(1
27
;2
08
)

(1
1.
5;
24
.0
)

(1
37
;2
13
)

(6
.7
2;
10
.8
)

(1
26
;1
84
)

CY
D
30

40
17
.1
(4
0)

16
5
(3
6)

40
26
.0
(4
0)

29
9
(3
6)

40
37
.4
(4
0)

51
8
(3
6)

40
10
.0
(4
0)

38
5
(3
6)

(1
0.
6;
27
.6
)

(8
4.
8;
32
3)

(1
3.
9;
48
.8
)

(1
56
;5
72
)

(1
6.
5;
85
.0
)

(2
66
;1
00
9)

(7
.1
3;
14
.1
)

(2
58
;5
74
)

Ch
ild
re
n
2–
5y

CY
D
24

10
0

16
.4
(9
9)

20
5
(9
0)

10
0

11
.8
(9
9)

19
5
(9
0)

10
0

16
.2
(9
9)

21
4
(9
0)

10
0

7.
76

(9
9)

22
3
(9
0)

(1
1.
1;
24
.3
)

(1
49
;2
82
)

(8
.9
4;
15
.6
)

(1
63
;2
34
)

(1
1.
2;
23
.4
)

(1
69
;2
70
)

(6
.2
0;
9.
70
)

(1
81
;2
76
)

In
fa
nt
s
an
d
to
dd

le
rs

CY
D
29

11
3

5.
08

(1
09
)

89
.0
(1
10
)

11
3

5.
10

(1
09
)

17
3
(1
10
)

11
3

5.
05

(1
06
)

18
1
(1
10
)

11
3

5.
00

(1
10
)

74
.0
(1
10
)

(4
.9
2;
5.
25
)

(7
6.
4;
10
4)

(4
.9
6;
5.
23
)

(1
42
;2
11
)

(4
.9
5;
5.
16
)

(1
58
;2
07
)

(N
C)

(6
1.
3;
89
.4
)

CY
D
33

21
6

5.
31

(2
16
)

95
.0
(2
00
)

21
6

5.
37

(2
16
)

19
8
(2
00
)

21
6

5.
32

(2
16
)

20
6
(2
00
)

21
6

5.
06

(2
15
)

12
4
(2
00
)

(4
.9
7;
5.
68
)

(8
2.
5;
10
9)

(5
.0
8;
5.
68
)

(1
71
;2
29
)

(5
.0
5;
5.
61
)

(1
84
;2
31
)

(4
.9
7;
5.
14
)

(1
09
;1
40
)

M
:n
um

be
ro

fp
ar
tic
ip
an
ts
w
ith

av
ai
la
bl
e
de
ng

ue
ne
ut
ra
liz
in
g
an
tib

od
y
tit
er
fo
rt
he

re
le
va
nt

tim
e
po
in
t

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2009



insufficient data are available to draw any conclusions. In addi-
tion, GMTRs generally decreased with age; higher GMTRs
were observed in infants and toddlers, than in older children,
adolescents and adults. In adults, GMTRs tended to be higher
in studies undertaken in non-endemic areas than in endemic
areas for serotypes 2, 3 and 4 (range across the 3 serotypes
4.38–13.0 vs 2.03–7.83, respectively), but were similar for sero-
type 1 (1.42–2.44 vs 2.10–2.33).

Dengue neutralizing antibody GMTs in participants aged
<9 y in endemic countries at baseline and post-dose 3 are sum-
marized by study and region in Fig. 2. Although the increase in
GMTs post-dose 3 in dengue seronegative participants aged <9
y varied by study and serotype, the increase observed was simi-
lar across the 2 endemic regions. In dengue seropositive partici-
pants, both baseline and the observed increase in post-dose 3

GMTs also varied by study and serotype but were also similar
across the 2 endemic regions. There was a trend toward higher
post-dose 3 GMTs for each serotype in seropositive participants
compared with those who were dengue seronegative.

Dengue neutralizing antibody GMTs in participants aged
9–17 y in endemic countries at baseline and post-dose 3 are
summarized by study and region in Fig. 3; corresponding data
for participants aged 18–45 y in endemic Asia-Pacific countries
are presented in Figure S5 (similar data for adults in endemic
Latin American countries are lacking). In dengue seronegative
participants, the increase in GMTs post-dose 3 varied by study
and serotype. There was a trend toward higher GMTs against
serotype 4 in Latin America compared with Asia Pacific. In
dengue seropositive participants, both baseline and the
observed increase in post-dose 3 GMTs also varied by study

Figure 1. Serotype-specific reverse cumulative distribution curves of post-dose 3 titers by baseline dengue status in adolescents (12 to 17 y): Data are summarized by
region (Full Analysis Set).
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and serotype but were generally similar across the 2 endemic
regions. Of note, baseline GMTs for all serotypes except for
serotype 4 in seropositive participants aged 9–17 y in Latin
American were similar to those achieved post-dose 3 in sero-
positive participants aged <9 y (Figs. 2 and 3).

The effect of seropositivity to other flaviviruses at baseline
was investigated despite the low number of participants who
were dengue seronegative but seropositive for either JE or YF.
No effect on dengue immune response could be clearly estab-
lished or ruled out in those with prior exposure to these other
flaviviruses.

Antibody persistence

Dengue neutralizing antibody persistence data post-dose 3 were
available from the following studies: CYD14, CYD15, CYD22,
CYD23 and CYD28. In this section, we focus on data from
CYD14 and CYD15 as these were pivotal studies and included
the most number of participants accessed for immunogenicity
and have long-term follow-up up to 3 y post-dose 3 (follow-up
is still ongoing through to 5 y post-dose 3). During the first 2 y
of follow-up, GMTs for all serotypes decreased relative to post-
dose 3 in both studies, regardless of participant’s age or dengue
immune status at baseline (Fig. 4). The decrease in GMTs
against all 4 serotypes from Year 1 to Year 2 of follow-up
tended to be lower than between post-dose 3 and Year 1 of fol-
low-up in all age groups. However, GMTs at Year 3 of follow-
up remain stable or slightly increased relative to those at Year 2

for all serotypes in both studies. Of note, GMTs for placebo
recipients seronegative at baseline gradually increased through-
out the duration of follow-up. For placebo recipients seroposi-
tive at baseline GMTs tended to decrease between pre-dose and
post-dose 3 in those aged � 9 y before gradually increasing
throughout the duration of follow-up; in those aged <9 years,
GMTs tended to gradually increase from pre-dose levels. In
general, GMTs for each serotype in the CYD-TDV group
remained at higher levels than those observed at baseline or in
the control group for all age groups across both studies. In
addition, the GMTs remained higher in seropositive partici-
pants aged � 9 y than those aged <9 y throughout follow-up.
Dengue neutralizing antibody persistence data in 2 studies
(CYD22 and CYD28) with longer follow-up to 4 y post-dose 3
(Year 4 of follow-up) also show that GMTs remain 1.2–3.2-fold
higher than baseline (Fig. S6).

Discussion

Three doses of CYD-TDV 6 months apart consistently induces
an increase in dengue neutralizing antibody GMTs, as mea-
sured by PRNT50, in all studied populations encompassing a
wide age range and different regions with various dengue
endemicity. In addition, several factors including age, previous
exposure to dengue and region are known to impact on the
level of CYD-TDV induced immune response. Therefore, to
capture the fullness of the available immunogenicity profiles we
did not pool the immunogenicity data across studies; all GMTs

Figure 2. Dengue neutralizing antibody GMTs (95% CI) in participants aged<9 y by baseline dengue status, region and study. PD3, post-dose 3; sero1–4, serotype 1–4.
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are reported by age, study, and region in this article. By present-
ing all the available data in this way, the reader should be able
to identify general trends and any substantial outliers within
each grouping.

One of the strengths of our analysis is that we present labo-
ratory data that were determined at centralized laboratories
using the same validated PRNT50 across all studies rather than
compare results obtained from multiple different neutralization
assays. Although it is recognized to be a valuable assay in den-
gue research, intra- and inter-laboratory variation may impact
comparability and interpretation of results between laboratories
or studies.22,23 As such, while CYD-TDV was consistently
shown to induce increased GMTs, there are examples of mini-
mal increases (e.g. against serotype 1 in adults living in non-
endemic areas) which considering the variability of the assay,
are arguably negligible increases. In addition, its relevance is
uncertain with regard to thresholds of protection as it lacks
qualitative aspects — for example, it does not differentiate
between homotypic (expected to provide life-long protection)
and heterotypic antibodies (cross-protective during a certain
window of time).24,25

A multifaceted approach may be required where the PRNT50

assay is supplemented with more physiologically relevant neu-
tralization tests capable of identification of homotypic and het-
erotypic antibodies, and their relative contributions to the
immune response and protection.25,26 Moreover, protective
PRNT50 titers have not been established for any dengue sero-
type and it is possible that these may vary by serotype and/or

be vaccine-specific, which has to be taken into account when
interpreting immunogenicity results.25 Analyses have been
undertaken to better define correlates of CYD-TDV protection
using efficacy and PRNT50 immunogenicity obtained in the 2
large-scale pivotal studies (CYD14 and CYD15) (submitted for
publication). Although the data suggest that high post-dose 3
titers are predictive of high vaccine efficacy across all serotypes
and age groups, other factors may play a role in protection par-
ticularly among those with low titers.

The current analysis confirms that there is a link between
the level of endemicity (and therefore, between baseline dengue
immune status) and the immune response, with higher GMTs
after 3 vaccinations observed in endemic regions than in non-
endemic regions. In addition, GMTs also increased with age in
endemic countries: the older the participant, the higher the
baseline and post-dose 3 GMTs. This observation is consistent
with the increased likelihood of prior dengue exposure with age
in endemic countries boosting memory responses.

A modeling study that included PRNT50 data from 5 phase
II trials (also included in the current analysis) in South East
Asia and Latin America reported that CYD-TDV immunoge-
nicity in endemic countries was principally influenced by the
baseline dengue immunological status.27 However, we did not
examine the effect of previous homotypic vs. heterotypic den-
gue infection on CYD-TDV induced GMTs in our analysis.
Additional studies are required to better define the immune
response as it evolves sequentially with exposure or repeat
exposure to the varying dengue serotypes.

Figure 3. Dengue neutralizing antibody GMTs (95% CI) in participants aged 9–17 y by baseline dengue status, region and study. PD3, post-dose 3; sero1–4, serotype 1–4.
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JE or YF seropositivity was expected to increase the immune
response to dengue vaccination based on previous studies.27-29

Participants who were dengue seropositive at baseline, as well
as JE seropositive, were shown to have higher GMTs following
CYD-TDV administration for all 4 serotypes than dengue sero-
positive but JE seronegative participants.27 Similarly, prior
exposure to the YF vaccine increases antibody responses to
CYD-TDV,28 and vaccination of YF seropositive participants
with a monovalent live-attenuated dengue candidate vaccine
was shown to boost antibody responses to both flaviviruses
compared with those who were YF seronegative.29 However, JE

and YF seropositivity in our studies was determined using the
PRNT, and as such cross-reactivity with dengue (due to anti-
genic epitopes common to flaviviruses) in regions where the
viruses co-circulate would result in false positives.30,31 Conse-
quently, after ruling out all dengue seropositive participants,
the number who were dengue seronegative but seropositive for
either JE or YF at baseline was limited in our analysis and
therefore, a potential increase in dengue immune response
because of prior exposure to these flaviviruses could not be
clearly established nor ruled out. Further research would need
to be undertaken to address the question of cross-reactivity

Figure 4. GMTs (95% CI) for each dengue serotype over time (years after the last dose) in children aged 2–8 y or � 9 y in the CYD14 and CYD15 studies.
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before a more definitive effect of baseline JE or YF seropositiv-
ity on CYD-TDV immune response can be established.

We showed that GMTs post-dose 3 decline annually across
all 4 serotypes but this decline appears to stabilize from Y2 of
follow-up and remains above baseline against all 4 serotypes up
to 4 y post-dose 3 regardless of age and baseline dengue immu-
nological status. However, it is unclear to what extent exposure
to wild-type dengue contributed to antibody persistence in
these analyses in the absence of an appropriate comparator
(e.g., long-term follow-up from vaccinated participants living
in a non-endemic area). There was a rise in GMTs observed in
the placebo groups of the 2 efficacy studies. Indeed, the annual
incidence of symptomatic and asymptomatic dengue infections
in the immunogenicity subsets of the 2 pivotal phase III CYD-
TDV studies was 8.1–14.8% and 0.9–3.5%, respectively,
depending on age or allocated group.32 Whether symptomatic
and asymptomatic infections contribute differentially to the
boosting/persistence of the GMTs remains to be established. In
addition, it is not known whether the decay in vaccine-induced
antibody titers is quantitatively similar to the decay of natu-
rally-acquired dengue antibodies. Additional studies would be
required to identify factors that modulate antibody persistence.

In conclusion, a 3-dose schedule of CYD-TDV 6 months
apart elicits neutralizing antibody responses against all 4 den-
gue serotypes, with raised neutralizing antibody GMTs persist-
ing above baseline levels over the longer term in dengue
endemic countries. Our conclusions are based on an unprece-
dented integrated summary of the immunogenicity of CYD-
TDV attained across studies using the same validated PRNT50

undertaken at centralized laboratories.

Methods

This summary includes immunogenicity data from 16 pivotal
and supportive clinical studies, conducted by Sanofi Pasteur
from 2008 to the present, in which participants aged 9 months
to 60 y received CYD-TDV (»5 log10 cell-culture infectious
dose 50% [CCID50]/serotype) as a 3-dose schedule 6 months
apart. The 16 studies included in the current report consisted
of 10 phase II and 6 phase III studies (Table 1); these were con-
ducted in non-endemic (USA and Australia) and in endemic
regions (Asia Pacific and Latin America countries) to assess the
safety and immunogenicity of CYD-TDV. Few studies investi-
gated long-term safety and immunogenicity. Three studies also
assessed the safety and immunogenicity of CYD-TDV co-
administration with other childhood vaccines in infants and
toddlers (< 2 y of age). Although there were differences in vac-
cine lots used across the studies, a formal analysis of lot-to-lot
consistency was performed in the CYD17 study, which estab-
lished biological and clinical equivalence between phase II and
phase III vaccine lots (based on post-dose 3 GMTs).10

The study designs, enrollment details, and inclusion/
exclusion criteria are described in detail in the original publi-
cations. Key characteristics of the trials are summarized in
Table 1. All studies were performed in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization-Good Clinical Practice. Study protocols and
amendments were approved by the individual review board/
independent ethics committee for each participating site. All

participants or their parents/guardians provided informed
written consent. A pooled analysis of safety data from most
of the studies included in the current analysis and others in
which the dengue vaccine was administered has recently
been published.33

Immunogenicity

In the current analysis, we focus on dengue neutralizing anti-
body titers obtained before the first CYD-TDV dose and 28 d
after the third dose (in all participants except in CYD14,3

CYD15,2 CYD2316 and CYD2813 where subsets were assessed)
as these were evaluated in all studies. Studies where CYD-TDV
was co-administered with other childhood vaccines were also
included in the current analysis as the co-administered prod-
ucts did not impact the humoral response to CYD-TDV; in
these studies the immunogenicity data were combined across
the groups that received 3 CYD-TDV doses.11,19,21 In addition,
we present persistence data where available. Pre-vaccination
baseline blood samples were also assessed for antibodies against
Japanese encephalitis (JE) for studies undertaken in Asia Pacific
(except for CYD1710 and CYD2813) and for antibodies against
Yellow Fever (YF) in those undertaken in the Americas (except
for CYD128 and CYD3319). Baseline JE and YF immune status
were assessed using the PRNT50 for JE (CYD08,11 CYD143 and
CYD22,12 CYD23,16 CYD32,14 CYD4715), and PRNT50 (CYD
13,17 CYD15,2 CYD29,21 CYD30,18 CYD51 (however, a derived
PRNT80 value was reported in the publication9)) or PRNT80

(CYD2420) for YF. The lower limit of quantitation (LLOQ) of
the JE and YF PRNT50 was 10 (1/dil) and of the YF PRNT80

was 5; seropositivity for JE and YF was defined as antibody
titers � 10 1/dil.

Neutralizing antibodies serum levels against each of the 4
CYD-TDV’s dengue parental strains (dengue 1 strain PUO-
359, dengue 2 strain PUO-218, dengue 3 strain PaH881/88,
and dengue 4 strain 1228) were determined using a validated
PRNT50 at a centralized Sanofi Pasteur laboratory (GCI, Swift-
water, USA) or outsourced to another laboratory after demon-
stration of successful method transfer and concordance across
a panel of samples (CYD29, CYD33 and CYD47).22 The vali-
dated PRNT50 was continuously monitored at both laboratories
using a panel of samples with known values and compared
with historical results to ensure consistency of results over
time. This harmonized approach in dengue PRNT50 under-
taken during the CYD-TVD clinical development was intended
to minimize inter-laboratory variation, which can be consider-
able if different methods are used to perform and analyze the
PRNT50 data,23 and would ultimately impact comparability
and interpretation of results between laboratories. Nonetheless,
variations in precision exist even within the same laboratory,
and assay variation may be as much as 3-fold.22 The LLOQ for
the PRNT50 was 10 (1/dil), and dengue seropositivity was
defined by dengue neutralization antibodies titer � 10 for at
least one serotype. Titers below the LLOQ were assigned a value
of 5; for the calculation of GMT ratios (GMTRs), baseline titers
< LLOQ (i.e. for the denominator) were assigned a value of 10.
Dengue neutralizing antibody persistence in samples collected
annually for at least 2 y after the last CYD-TDV dose were also
summarized.
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Statistical analyses

There was no hypothesis testing undertaken in our current analy-
sis. Statistical analyses were performed with SAS� software. GMTs
and 95% CIs were calculated for antibodies against each of the 4
dengue serotypes for the full analysis set assuming normal distribu-
tion of the log10 transformed titers. The definitions of the study
populations used in this integrated analysis were the same as those
used in the individual studies; the full analysis set in most studies
consisted of all participants who received at least one dose of CYD-
TDV and who had at least one blood sample drawn and one valid
post-injection serology result.
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