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Abstract
In a randomized controlled trial, we administered seasonal trivalent inactivated influenza vaccine
(TIV) or placebo to subjects 6–15 years of age in two consecutive years. Receipt of TIV in year 2
induced seroprotection in most subjects. Among 39 children who received TIV in the second year,
receipt of TIV in the first year was associated with lower antibody titer rises in the second year to
seasonal influenza A(H1N1) and A(H3N2) strains for which the vaccine strains remained
unchanged. Antibody response to a different influenza B strain in the second year was unaffected
by receipt of TIV in the first year.
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INTRODUCTION
In a cohort of school-age children who were randomized to receive seasonal trivalent
inactivated influenza vaccine (TIV) or placebo in 2008–2009 and again in 2009–2010 (1,2),
we investigated whether antibody response to TIV could be affected by vaccination in the
preceding year (3,4).
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METHODS
Participants and follow up

In 2008, 119 children 6–15 years old were enrolled to a randomized controlled trial (1).
They were randomized to receive TIV or placebo in the ratio 3:2 in November-December
2008. After completing follow-up between August-October 2009, 64 children rejoined the
study and were again randomized to receive either TIV or placebo in the ratio 3:2 (2).
Allocation of TIV/placebo in year 2 was independent of allocation in year 1.

Serum specimens were collected immediately before and 1 month after vaccination, in the
middle (April-May) and at the end of the follow-up period (August-December) each year.
The subjects and their household members were monitored for acute upper respiratory tract
infections (URTIs) by daily symptom diaries, bi-weekly telephone interviews and reminders
to report acute URTIs to a hotline as soon after onset. Nose and throat swabs were collected
from all household members once any individual reported any 2 of fever ≥37.8°C, chills,
headache, sore throat, cough, presence of phlegm, coryza or myalgia. The study was
approved by the University of Hong Kong Institutional Review Board.

Vaccines
Seasonal TIV (0.5ml VAXIGRIP, Sanofi Pasteur) was used in both years. The 2008–2009
TIV contained the A/Brisbane/59/2007(H1N1)-like, A/Brisbane/10/2007(H3N2)-like, and
B/Florida/4/2006-like strains. The 2009–10 TIV used contained the same seasonal A
(H1N1) and A(H3N2) strains, and a B/Brisbane/60/2008-like strain. Children in the placebo
group received intramuscular injection (deltoid muscle) of 0.5ml saline. Vaccines and
placebos were identically packaged and administered using a 5/8” needle.

Laboratory methods
Sera were tested using hemagglutination-inhibition (HI) assays for antibody to the vaccine
strains A/Brisbane/59/2007 (H1N1), A/Brisbane/10/2007-like virus A/Uruguay/716/2009
(H3N2), B/Florida/4/2006 and B/Brisbane/60/2008, and the circulating strain A/California/
7/2009 (pandemic H1N1) using standard methods as previously described (1,2,5). A viral
microneutralization (VN) rather than HI assay was used to measure antibody responses to
the pandemic A(H1N1) strain in year 1 (1). Tests were done at serial doubling dilutions
from an initial dilution of 1:10. Pooled nose and throat swabs were tested for influenza A
and B viruses by reverse-transcription polymerase-chain-reaction (RT-PCR) (1,2,5).

Statistical methods
The reciprocal of antibody titers and the geometric rise (ratio of post-vaccination to pre-
vaccination titer) before and 1 month after vaccination in the first and second year were
compared using Wilcoxon signed-rank test and Wald test after log transformation (6).
Antibody titers <1:10 were imputed as 1:5. Sensitivity analyses were done using antibody
titer thresholds of 1:40 and 1:160, and 4 and 8-fold geometric titer rises as endpoints.
Fisher’s exact test and chi-squared tests were used to compare groups. A multivariable log-
linear regression model was used to estimate the effects of various factors on the logarithm
of the ratio of post-vaccination to pre-vaccination titer in year 2, including receipt of TIV in
year 1, age, sex, infection in year 1 based on a ≥4-fold rise in antibody titers during follow-
up or confirmed by RT-PCR, and calendar time of the post-vaccination serum draw.
Following the principle of intention-to-treat, multiple imputation was used to allow for a
small amount of missing data (7). Statistical analyses were conducted in R version 2.10.1.
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RESULTS
Most (86%) of the 64 subjects were 9–16 years of age, and 55% of subjects were male.
There were 3 children with chronic health conditions (allergic rhinitis). No children received
the monovalent pandemic A(H1N1) influenza vaccine during the study period.

Among the 39 subjects randomized to receive TIV in year 2, 23 subjects had previously
been randomized to receive TIV in year 1 and 16 to placebo. Among these 39 subjects, there
were no significant differences in sex or mean age between those who had received TIV or
placebo in year 1. The intervals between vaccination in year 2 and post-vaccination blood
collection were similar between children who were vaccinated in both years (median 28
days, range 27–49 days) and those who received placebo in year 1 (median 28 days, range
28–41 days) (Wilcoxon signed-rank test, p=0.28).

TIV in year 1 elicited good antibody responses to the seasonal strains (Table 1). Before
receipt of TIV in year 2, compared to those who received placebo the subjects who had
received TIV in year 1 had significantly higher antibody titers against seasonal A(H1N1),
but there was no significant difference in titers against seasonal A(H3N2), B or pandemic
A(H1N1) (Table 1, Figure 1). Prior receipt of TIV rather than placebo in year 1 was
associated with significantly lower ratio of post-vaccination to pre-vaccination titer against
the seasonal A(H1N1) and A(H3N2) strains (both p<0.01) following receipt of TIV in year
2, but no significant differences in the ratio of post-vaccination to pre-vaccination titer to
both influenza B strains and the pandemic A(H1N1) strains. Most subjects attained antibody
titers at or above 1:160 against seasonal A(H1N1) and A(H3N2) one month after receipt of
TIV in year 2 regardless of their vaccination status in the first year (Table 1). Post-
vaccination antibody titers against pandemic A(H1N1) were higher in subjects who had
previously received TIV rather than placebo in year 1 (p=0.06). There were no significant
changes in antibody titer in 25 children following receipt of placebo in year 2 (Figure 1,
Table 2). Results were consistent using post-vaccination titer of 1:40 and 1:160, 4 and 8-fold
geometric rises as endpoints (Table 1, Table 2).

A multivariate analysis was performed to explore the factors affecting the ratio of post-
vaccination to pre-vaccination antibody titers in subjects who received TIV in year 2 (Table
3). Prior vaccination in year 1 was associated with lower post- vs pre-vaccination antibody
titer ratio for seasonal A(H1N1) and A(H3N2). There were no significant effects associated
with infection with the corresponding influenza subtype in year 1. Younger age and longer
duration between serum collections were associated with increased titer ratio (Table 3).

DISCUSSION
Results from our study suggested humoral antibody response to TIV may be lower in
children who have received TIV in the preceding year when the vaccine strains are
unchanged, which was the case for the seasonal A(H1N1) and A(H3N2) strains in our study
(Table 1). No effect of prior receipt of TIV was observed in response to a different strain of
influenza B included in the TIV in year 2 compared to year 1. Our small study was
underpowered to explore whether the lower antibody responses in year 2 associated with
receipt of TIV in year 1 were indicative of any change in vaccine efficacy in year 2.

Interpretation of our findings should carefully take into account the contribution of antibody
avidity, mucosal and cell mediated immunity to protection against infection (8). These might
have been altered by prior vaccination through reduced short-term experience of natural
infection or priming of immune responses (1,4,9). A recent study showed that the HI test can
miss protective antibodies that do not bind to the hemagglutinin protein (10), and additional
testing using another assay such as viral neutralization would be warranted when planning
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further studies. Our findings are consistent with the hypothesis that the effect of consecutive
vaccination on vaccine efficacy may depend on the antigenic distance between consecutive
vaccines (11). The clinical significance and underlying mechanism of the small increase in
antibody response to pandemic A(H1N1) in year 2 associated with vaccination in the
preceding year has not been clearly understood, but we had previously reported evidence of
a higher risk of pandemic A(H1N1) infections among individuals who received TIV in year
1 (1) and it is possible that receipt of TIV in year 2 boosted antibodies associated with
earlier infections including pandemic A(H1N1) in year 1. Different strains were used in the
HI test for seasonal A(H3N2) and B between year 1 and 2, and may have contributed to the
observed changes in antibody titer levels between the 2 years.

There are several limitations of our study in addition to the lack of power to explore vaccine
efficacy. When adjusting for infections in year 1, we included serologic evidence of
infection as well as RT-PCR-confirmed infections, although serology can lack sensitivity to
identify infections in subjects who have received TIV (12). Subjects who were randomized
to receive placebo in year 1 had higher geometric mean antibody titer against seasonal
A(H3N2) and lower geometric mean antibody titer against seasonal B before vaccination in
year 1 (Table 1). There is some evidence that the antibody titer associated with 50%
protection against infection for children may be higher than the traditional 1:40 threshold
(13), although this did not affect our conclusions.

CONCLUSIONS
Children had lower antibody response to seasonal A(H1N1) and A(H3N2) if they had
received TIV in the previous year where these strains remained unchanged in the vaccine
composition. Further studies are needed to confirm whether repeated annual influenza
vaccination retains moderate to high efficacy in children.
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Figure 1.

Ng et al. Page 6

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 7

Ta
bl

e 
1

C
om

pa
ri

so
n 

of
 g

eo
m

et
ri

c 
m

ea
n 

an
d 

ge
om

et
ri

c 
m

ea
n 

ra
tio

 o
f 

an
tib

od
y 

tit
er

s 
(G

M
T

) 
be

fo
re

 a
nd

 1
 m

on
th

 a
ft

er
 r

ec
ei

pt
 o

f 
tr

iv
al

en
t i

na
ct

iv
at

ed
 in

fl
ue

nz
a

va
cc

in
e 

(T
IV

) 
or

 p
la

ce
bo

 in
 y

ea
r 

1 
(2

00
8–

20
09

) 
an

d 
ye

ar
 2

 (
20

09
–2

01
0)

 in
 3

9 
ch

ild
re

n 
w

ho
 r

ec
ei

ve
d 

T
IV

 in
 y

ea
r 

2 
(2

00
9–

20
10

).

G
ro

up
n

P
re

-d
os

e 
1

p-
va

lu
ea

P
os

t-
do

se
 1

p-
va

lu
ea

P
re

-d
os

e 
2

p-
va

lu
ea

P
os

t-
do

se
 2

p-
va

lu
ea

Se
as

on
al

 A
(H

1N
1)

b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
T

IV
-T

IV
c

23
20

0.
20

17
14

<
0.

01
19

2
<

0.
01

27
0

0.
12

PL
-T

IV
d

16
37

62
28

56
2

Pr
op

or
tio

n 
tit

er
 ≥

40
T

IV
-T

IV
c

23
0.

48
0.

33
0.

91
0.

63
0.

87
0.

03
0.

87
0.

44

PL
-T

IV
d

16
0.

69
0.

81
0.

50
0.

99

Pr
op

or
tio

n 
tit

er
≥1

60
T

IV
-T

IV
c

23
0.

09
0.

66
0.

91
<

0.
01

0.
74

0.
01

0.
83

0.
64

PL
-T

IV
d

16
0.

19
0.

44
0.

25
0.

93

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

T
IV

-T
IV

c
23

85
.7

<
0.

01
1.

4
<

0.
01

PL
-T

IV
d

16
1.

7
19

.9

Pr
op

or
tio

n 
ra

tio
 ≥

4
T

IV
-T

IV
c

23
0.

83
<

0.
01

0.
17

<
0.

01

PL
-T

IV
d

16
0.

19
0.

69

Pr
op

or
tio

n 
ra

tio
 ≥

8
T

IV
-T

IV
c

23
0.

83
<

0.
01

0.
09

<
0.

01

PL
-T

IV
d

16
0.

12
0.

62

Se
as

on
al

 A
(H

3N
2)

b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
T

IV
-T

IV
c

23
18

0.
02

85
9

0.
01

45
0.

33
24

3
<

0.
01

PL
-T

IV
d

16
10

3
14

0
26

81
9

Pr
op

or
tio

n 
tit

er
 ≥

40
T

IV
-T

IV
c

23
0.

39
0.

14
0.

91
0.

63
0.

65
0.

54
0.

95
0.

84

PL
-T

IV
d

16
0.

69
0.

81
0.

50
1.

00

Pr
op

or
tio

n 
tit

er
≥1

60
T

IV
-T

IV
c

23
0.

22
0.

48
0.

87
0.

06
0.

30
0.

65
0.

86
0.

35

PL
-T

IV
d

16
0.

38
0.

56
0.

19
1.

00

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

T
IV

-T
IV

c
23

47
.0

<
0.

01
5.

4
<

0.
01

PL
-T

IV
d

16
1.

4
31

.6

Pr
op

or
tio

n 
ra

tio
 ≥

4
T

IV
-T

IV
c

23
0.

91
<

0.
01

0.
65

0.
09

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 8

G
ro

up
n

P
re

-d
os

e 
1

p-
va

lu
ea

P
os

t-
do

se
 1

p-
va

lu
ea

P
re

-d
os

e 
2

p-
va

lu
ea

P
os

t-
do

se
 2

p-
va

lu
ea

PL
-T

IV
d

16
0.

12
0.

94

Pr
op

or
tio

n 
ra

tio
 ≥

8
T

IV
-T

IV
c

23
0.

78
<

0.
01

0.
34

<
0.

01

PL
-T

IV
d

16
0.

06
0.

88

Se
as

on
al

 B
b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
T

IV
-T

IV
c

23
29

2
0.

04
14

44
<

0.
01

11
0.

57
73

1.
00

PL
-T

IV
d

16
11

8
12

3
9

73

Pr
op

or
tio

n 
tit

er
 ≥

40
T

IV
-T

IV
c

23
0.

96
1.

00
1.

00
0.

41
0.

22
0.

86
0.

78
0.

80

PL
-T

IV
d

16
0.

94
0.

94
0.

19
0.

69

Pr
op

or
tio

n 
tit

er
≥1

60
T

IV
-T

IV
c

23
0.

74
0.

23
0.

96
<

0.
01

0.
04

0.
85

0.
49

0.
88

PL
-T

IV
d

16
0.

50
0.

50
0.

00
0.

56

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

T
IV

-T
IV

c
23

4.
9

<
0.

01
6.

5
0.

76

PL
-T

IV
d

16
1.

0
8.

0

Pr
op

or
tio

n 
ra

tio
 ≥

4
T

IV
-T

IV
c

23
0.

61
<

0.
01

0.
65

0.
83

PL
-T

IV
d

16
0.

00
0.

56

Pr
op

or
tio

n 
ra

tio
 ≥

8
T

IV
-T

IV
c

23
0.

35
0.

01
0.

60
1.

00

PL
-T

IV
d

16
0.

00
0.

56

Pa
nd

em
ic

 A
(H

1N
1)

b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
T

IV
-T

IV
c

23
7

0.
93

8
0.

03
11

0.
66

65
0.

06

PL
-T

IV
d

16
6

6
9

20

Pr
op

or
tio

n 
tit

er
 ≥

40
T

IV
-T

IV
c

23
0.

00
1.

00
0.

00
1.

00
0.

22
0.

75
0.

63
0.

44

PL
-T

IV
d

16
0.

00
0.

00
0.

12
0.

45

Pr
op

or
tio

n 
tit

er
≥1

60
T

IV
-T

IV
c

23
0.

00
1.

00
0.

00
1.

00
0.

09
0.

88
0.

58
0.

11

PL
-T

IV
d

16
0.

00
0.

00
0.

12
0.

26

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

T
IV

-T
IV

c
23

1.
3

0.
06

6.
1

0.
09

PL
-T

IV
d

16
1.

0
2.

3

Pr
op

or
tio

n 
ra

tio
 ≥

4
T

IV
-T

IV
c

23
0.

04
1.

00
0.

55
0.

31

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 9

G
ro

up
n

P
re

-d
os

e 
1

p-
va

lu
ea

P
os

t-
do

se
 1

p-
va

lu
ea

P
re

-d
os

e 
2

p-
va

lu
ea

P
os

t-
do

se
 2

p-
va

lu
ea

PL
-T

IV
d

16
0.

00
0.

32

Pr
op

or
tio

n 
ra

tio
 ≥

8
T

IV
-T

IV
c

23
0.

00
1.

00
0.

46
0.

63

PL
-T

IV
d

16
0.

00
0.

32

a P-
va

lu
es

 c
om

pa
ri

ng
 b

et
w

ee
n 

T
IV

-T
IV

 a
nd

 P
L

-T
IV

 w
er

e 
ob

ta
in

ed
 b

y 
th

e 
C

hi
-s

qu
ar

e 
te

st
, F

is
he

r’
s 

E
xa

ct
 te

st
, W

ilc
ox

on
-s

ig
ne

d 
ra

nk
 te

st
 o

r 
W

al
d 

te
st

 w
he

re
 a

pp
ro

pr
ia

te
.

b A
nt

ib
od

y 
tit

er
s 

m
ea

su
re

d 
by

 h
em

ag
gl

ut
in

at
io

n 
in

hi
bi

tio
n 

as
sa

ys
 to

 A
/B

ri
sb

an
e/

59
/2

00
7 

(H
1N

1)
, A

/B
ri

sb
an

e/
10

/2
00

7-
lik

e 
vi

ru
s 

A
/U

ru
gu

ay
/7

16
/2

00
9 

(H
3N

2)
, B

/F
lo

ri
da

/4
/2

00
6,

 A
/C

al
if

or
ni

a/
7/

20
09

(H
1N

1)
 v

ir
us

es
 in

 y
ea

r 
1;

A
/B

ri
sb

an
e/

59
/2

00
7 

(H
1N

1)
, A

/U
ru

gu
ay

/7
16

/2
00

9 
(H

3N
2)

, B
/B

ri
sb

an
e/

60
/2

00
8,

 A
/C

al
if

or
ni

a/
7/

20
09

 (
H

1N
1)

 v
ir

us
es

 in
 y

ea
r 

2 
(s

ee
 m

et
ho

ds
 f

or
 d

et
ai

ls
 o

f 
st

ra
in

s 
us

ed
).

c T
he

 T
IV

-T
IV

 g
ro

up
 c

on
si

st
s 

of
 s

ub
je

ct
s 

w
ho

 r
ec

ei
ve

d 
T

IV
 in

 2
00

8–
20

09
 a

nd
 2

00
9–

10
. T

he
 2

00
8–

09
 T

IV
 (

ye
ar

 1
) 

in
cl

ud
ed

 A
/B

ri
sb

an
e/

59
/2

00
7-

lik
e 

(H
1N

1)
, A

/B
ri

sb
an

e/
10

/2
00

7-
lik

e 
(H

3N
2)

 a
nd

 B
/

Fl
or

id
a/

4/
20

06
-l

ik
e 

st
ra

in
s.

 T
he

 2
00

9–
10

 T
IV

 (
ye

ar
 2

) 
in

cl
ud

ed
 A

/B
ri

sb
an

e/
59

/2
00

7-
lik

e 
(H

1N
1)

, A
/B

ri
sb

an
e/

10
/2

00
7-

lik
e 

(H
3N

2)
 a

nd
 B

/B
ri

sb
an

e/
60

/2
00

8 
st

ra
in

s.

d T
he

 P
L

-T
IV

 g
ro

up
 c

on
si

st
s 

of
 s

ub
je

ct
s 

w
ho

 r
ec

ei
ve

d 
pl

ac
eb

o 
in

 2
00

8–
20

09
 a

nd
 T

IV
 in

 2
00

9–
10

.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 10

Ta
bl

e 
2

C
om

pa
ri

so
n 

of
 g

eo
m

et
ri

c 
m

ea
n 

an
d 

ge
om

et
ri

c 
m

ea
n 

ra
tio

 o
f 

an
tib

od
y 

tit
er

s 
(G

M
T

) 
be

fo
re

 a
nd

 o
ne

 m
on

th
 a

ft
er

 r
ec

ei
pt

 o
f 

tr
iv

al
en

t i
na

ct
iv

at
ed

 in
fl

ue
nz

a
va

cc
in

e 
(T

IV
) 

or
 p

la
ce

bo
 in

 y
ea

r 
1 

(2
00

8–
20

09
) 

an
d 

ye
ar

 2
 (

20
09

–2
01

0)
 in

 2
5 

ch
ild

re
n 

w
ho

 r
ec

ei
ve

d 
pl

ac
eb

o 
in

 y
ea

r 
2 

(2
00

9–
20

10
).

G
ro

up
n

P
re

-d
os

e 
1

p-
va

lu
ea

P
os

t-
do

se
 1

p-
va

lu
ea

P
re

-d
os

e 
2

p-
va

lu
ea

P
os

t-
do

se
 2

p-
va

lu
ea

Se
as

on
al

 A
(H

1N
1)

b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
PL

-T
IV

c
16

19
0.

32
78

9
<

0.
01

77
0.

79
17

4
0.

17

PL
-P

L
d

9
37

47
63

69

Pr
op

or
tio

n 
tit

er
 ≥

40
PL

-T
IV

c
16

0.
31

0.
44

0.
94

0.
12

0.
67

1.
00

0.
88

0.
95

PL
-P

L
d

9
0.

56
0.

67
0.

78
0.

78

Pr
op

or
tio

n 
tit

er
≥1

60
PL

-T
IV

c
16

0.
25

0.
74

0.
81

0.
01

0.
46

0.
87

0.
75

0.
58

PL
-P

L
d

9
0.

22
0.

22
0.

33
0.

56

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

PL
-T

IV
c

16
41

.2
<

0.
01

2.
3

0.
35

PL
-P

L
d

9
1.

3
1.

1

Pr
op

or
tio

n 
ra

tio
 ≥

4
PL

-T
IV

c
16

0.
81

<
0.

01
0.

24
0.

80

PL
-P

L
d

9
0.

11
0.

11

Pr
op

or
tio

n 
ra

tio
 ≥

8
PL

-T
IV

c
16

0.
81

<
0.

01
0.

22
0.

85

PL
-P

L
d

9
0.

11
0.

11

Se
as

on
al

 A
(H

3N
2)

b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
PL

-T
IV

c
16

32
0.

20
90

2
<

0.
01

17
7

<
0.

01
28

1
<

0.
01

PL
-P

L
d

9
14

15
15

16

Pr
op

or
tio

n 
tit

er
 ≥

40
PL

-T
IV

c
16

0.
56

0.
49

1.
00

<
0.

01
0.

86
0.

03
0.

94
0.

01

PL
-P

L
d

9
0.

33
0.

33
0.

33
0.

33

Pr
op

or
tio

n 
tit

er
≥1

60
PL

-T
IV

c
16

0.
25

0.
75

0.
94

<
0.

01
0.

57
0.

02
0.

69
0.

02

PL
-P

L
d

9
0.

11
0.

22
0.

00
0.

11

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

PL
-T

IV
c

16
28

.0
<

0.
01

1.
6

0.
21

PL
-P

L
d

9
1.

1
1.

1

Pr
op

or
tio

n 
ra

tio
 ≥

4
PL

-T
IV

c
16

0.
88

<
0.

01
0.

20
0.

43

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 11

G
ro

up
n

P
re

-d
os

e 
1

p-
va

lu
ea

P
os

t-
do

se
 1

p-
va

lu
ea

P
re

-d
os

e 
2

p-
va

lu
ea

P
os

t-
do

se
 2

p-
va

lu
ea

PL
-P

L
d

9
0.

00
0.

00

Pr
op

or
tio

n 
ra

tio
 ≥

8
PL

-T
IV

c
16

0.
88

<
0.

01
0.

14
0.

69

PL
-P

L
d

9
0.

00
0.

00

Se
as

on
al

 B
b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
PL

-T
IV

c
16

15
3

0.
98

16
60

0.
03

9
0.

51
8

0.
62

PL
-P

L
d

9
14

8
23

5
7

7

Pr
op

or
tio

n 
tit

er
 ≥

40
PL

-T
IV

c
16

0.
88

1.
00

0.
94

1.
00

0.
19

0.
95

0.
19

0.
95

PL
-P

L
d

9
0.

89
1.

00
0.

11
0.

11

Pr
op

or
tio

n 
tit

er
≥1

60
PL

-T
IV

c
16

0.
56

0.
69

0.
81

1.
00

0.
00

1.
00

0.
06

0.
77

PL
-P

L
d

9
0.

44
0.

78
0.

00
0.

00

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

PL
-T

IV
c

16
10

.8
0.

00
1.

0
0.

89

PL
-P

L
d

9
1.

6
1.

0

Pr
op

or
tio

n 
ra

tio
 ≥

4
PL

-T
IV

c
16

0.
69

0.
01

0.
06

0.
77

PL
-P

L
d

9
0.

11
0.

00

Pr
op

or
tio

n 
ra

tio
 ≥

8
PL

-T
IV

c
16

0.
69

0.
01

0.
06

0.
77

PL
-P

L
d

9
0.

11
0.

00

Pa
nd

em
ic

 A
(H

1N
1)

b

G
eo

m
et

ri
c 

m
ea

n 
tit

er
PL

-T
IV

c
16

7
0.

31
10

0.
02

9
0.

21
15

0.
42

PL
-P

L
d

9
6

7
20

27

Pr
op

or
tio

n 
tit

er
 ≥

40
PL

-T
IV

c
16

0.
00

1.
00

0.
00

1.
00

0.
14

0.
25

0.
38

0.
65

PL
-P

L
d

9
0.

00
0.

00
0.

44
0.

56

Pr
op

or
tio

n 
tit

er
≥1

60
PL

-T
IV

c
16

0.
00

1.
00

0.
00

1.
00

0.
01

0.
27

0.
12

0.
47

PL
-P

L
d

9
0.

00
0.

00
0.

22
0.

33

G
eo

m
et

ri
c 

m
ea

n 
ra

tio
 o

f
po

st
-d

os
e 

to
 p

re
-d

os
e

PL
-T

IV
c

16
1.

4
0.

26
1.

7
0.

64

PL
-P

L
d

9
1.

2
1.

4

Pr
op

or
tio

n 
ra

tio
 ≥

4
PL

-T
IV

c
16

0.
06

1.
00

0.
25

0.
74

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 12

G
ro

up
n

P
re

-d
os

e 
1

p-
va

lu
ea

P
os

t-
do

se
 1

p-
va

lu
ea

P
re

-d
os

e 
2

p-
va

lu
ea

P
os

t-
do

se
 2

p-
va

lu
ea

PL
-P

L
d

9
0.

00
0.

22

Pr
op

or
tio

n 
ra

tio
 ≥

8
PL

-T
IV

c
16

0.
00

1.
00

0.
12

0.
95

PL
-P

L
d

9
0.

00
0.

22

a P-
va

lu
es

 c
om

pa
ri

ng
 b

et
w

ee
n 

PL
-T

IV
 a

nd
 P

L
-P

L
 w

er
e 

ob
ta

in
ed

 b
y 

th
e 

C
hi

-s
qu

ar
e 

te
st

, F
is

he
r’

s 
E

xa
ct

 te
st

, W
ilc

ox
on

-s
ig

ne
d 

ra
nk

 te
st

 o
r 

W
al

d 
te

st
 w

he
re

 a
pp

ro
pr

ia
te

.

b Se
e 

m
et

ho
ds

 a
nd

 le
ge

nd
 o

f 
T

ab
le

 1
 f

or
 d

et
ai

ls
 o

f 
vi

ru
se

s 
an

tig
en

s 
us

ed
 f

or
 h

em
ag

gl
ut

in
at

io
n 

in
hi

bi
tio

n 
as

sa
ys

.

c T
he

 P
L

-T
IV

 g
ro

up
 c

on
si

st
s 

of
 s

ub
je

ct
s 

w
ho

 r
ec

ei
ve

d 
pl

ac
eb

o 
in

 2
00

9–
20

10
 a

nd
 T

IV
 in

 2
00

8–
20

09
. T

he
 2

00
8–

09
 T

IV
 (

ye
ar

 1
) 

in
cl

ud
ed

 A
/B

ri
sb

an
e/

59
/2

00
7-

lik
e 

(H
1N

1)
, A

/B
ri

sb
an

e/
10

/2
00

7-
lik

e 
(H

3N
2)

an
d 

B
/F

lo
ri

da
/4

/2
00

6-
lik

e 
st

ra
in

s.

d T
he

 P
L

-P
L

 g
ro

up
 c

on
si

st
s 

of
 s

ub
je

ct
s 

w
ho

 r
ec

ei
ve

d 
pl

ac
eb

o 
in

 2
00

9–
20

10
 a

nd
 2

00
8–

20
09

.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ng et al. Page 13

Ta
bl

e 
3

Fa
ct

or
s 

af
fe

ct
in

g 
th

e 
ge

om
et

ri
c 

in
 a

nt
ib

od
y 

tit
er

s 
ra

tio
 p

os
t-

va
cc

in
at

io
n 

to
 p

re
-v

ac
ci

na
tio

n 
fo

llo
w

in
g 

re
ce

ip
t o

f 
tr

iv
al

en
t i

na
ct

iv
at

ed
 in

fl
ue

nz
a 

va
cc

in
e

(T
IV

) 
in

 y
ea

r 
2 

(2
00

9–
10

).

Se
as

on
al

 A
(H

1N
1)

a
Se

as
on

al
 A

(H
3N

2)
a

B
/B

ri
sb

an
ea

P
an

de
m

ic
 A

(H
1N

1)
a

F
ac

to
rs

n
G

M
T
Δ

 (
95

%
 C

.I
.)

b
G

M
T
Δ

 (
95

%
 C

.I
.)

b
G

M
T
Δ

 (
95

%
 C

.I
.)

b
G

M
T
Δ

 (
95

%
 C

.I
.)

b

A
ge

 7
–8

 y
ea

rs
7

1.
00

1.
00

1.
00

1.
00

A
ge

 9
–1

5 
ye

ar
s

32
0.

80
(0

.1
4,

 4
.4

7)
0.

14
(0

.0
2,

 0
.9

0)
1.

87
(0

.2
7,

 1
2.

97
)

2.
31

(0
.3

2,
 1

6.
63

)

N
ot

 r
ec

ei
ve

d 
20

08
–2

00
9 

T
IV

16
1.

00
1.

00
1.

00
1.

00

R
ec

ei
ve

d 
20

08
–2

00
9 

T
IV

23
0.

06
(0

.0
1,

 0
.2

5)
0.

13
(0

.0
3,

 0
.5

8)
0.

55
(0

.1
0,

 2
.9

1)
3.

90
(0

.7
6,

 2
0.

12
)

N
ot

 in
fe

ct
ed

b  
w

ith
 th

e 
sa

m
e 

su
bt

yp
e 

in
 2

00
8–

20
09

1.
00

1.
00

1.
00

In
fe

ct
ed

b  
w

ith
 th

e 
sa

m
e 

st
ra

in
 in

 2
00

8–
20

09
0.

33
(0

.0
4,

 2
.9

6)
1.

21
(0

.1
4,

 1
0.

77
)

0.
83

(0
.1

5,
 4

.6
5)

Pr
e-

va
cc

in
at

io
n 

bl
oo

d 
ta

ki
ng

 b
ef

or
e 

1st
 O

ct
ob

er
, 2

00
9

24
1.

00
1.

00
1.

00
1.

00

Pr
e-

va
cc

in
at

io
n 

bl
oo

d 
ta

ki
ng

 a
ft

er
 1

st
 O

ct
ob

er
, 2

00
9

13
0.

68
(0

.1
5,

 3
.0

9)
0.

80
(0

.1
7,

 3
.7

5)
1.

57
(0

.2
9,

 8
.5

1)
0.

50
(0

.1
0,

 2
.6

4)

T
im

e 
la

ps
e 

be
tw

ee
n 

va
cc

in
at

io
n 

an
d 

bl
oo

d 
ta

ki
ng

 w
ith

in
 2

8 
da

ys
25

1.
00

1.
00

1.
00

1.
00

T
im

e 
la

ps
e 

be
tw

ee
n 

va
cc

in
at

io
n 

an
d 

bl
oo

d 
ta

ki
ng

 b
ey

on
d 

28
 d

ay
s

14
4.

79
(1

.0
3,

 2
2.

31
)

3.
05

(0
.6

2,
 1

4.
93

)
2.

13
(0

.3
9,

 1
1.

80
)

0.
44

(0
.0

8,
 2

.4
6)

a A
nt

ib
od

y 
fo

ld
 r

is
es

 to
 e

ac
h 

st
ra

in
 in

 2
00

9–
20

10
 in

cl
ud

in
g 

A
/B

ri
sb

an
e/

59
/2

00
7-

lik
e 

(H
1N

1)
, A

/B
ri

sb
an

e/
10

/2
00

7-
lik

e 
(H

3N
2)

, B
/B

ri
sb

an
e/

60
/2

00
8-

lik
e,

 A
/C

al
if

or
ni

a/
7/

20
09

-l
ik

e 
vi

ru
se

s 
(s

ee
 m

et
ho

ds
 a

nd
le

ge
nd

 to
 ta

bl
e 

1 
fo

r 
de

ta
ils

).

b V
al

ue
s 

sh
ow

n 
re

pr
es

en
t t

he
 e

st
im

at
ed

 g
eo

m
et

ri
c 

ch
an

ge
s 

in
 m

ea
n 

tit
er

 r
at

io
 p

os
t-

va
cc

in
at

io
n 

to
 p

re
-v

ac
ci

na
tio

n 
as

so
ci

at
ed

 w
ith

 e
ac

h 
fa

ct
or

. F
or

 e
xa

m
pl

e 
a 

G
M

T
Δ

 o
f 

2 
w

ou
ld

 im
pl

y 
th

at
 a

 f
ac

to
r 

w
as

as
so

ci
at

ed
 w

ith
 a

 d
ou

bl
in

g 
in

 th
e 

ge
om

et
ri

c 
m

ea
n 

tit
er

 r
at

io
 c

om
pa

re
d 

to
 th

e 
re

fe
re

nc
e 

gr
ou

p.
 E

st
im

at
es

 w
er

e 
ad

ju
st

ed
 f

or
 a

ge
, v

ac
ci

na
tio

n 
hi

st
or

y 
in

 2
00

8–
20

09
, i

nf
ec

tio
n 

hi
st

or
y 

of
 th

e 
co

rr
es

po
nd

in
g

in
fl

ue
nz

a 
vi

ru
s 

su
bt

yp
e 

in
 2

00
8–

20
09

, c
al

en
da

r 
da

te
 o

f 
bl

oo
d 

ta
ki

ng
 b

ef
or

e 
va

cc
in

at
io

n 
an

d 
tim

e-
la

ps
e 

be
tw

ee
n 

va
cc

in
at

io
n 

an
d 

bl
oo

d 
ta

ki
ng

.

b In
fe

ct
io

n 
w

as
 d

ef
in

ed
 a

s 
ei

th
er

 R
T

-P
C

R
 c

on
fi

rm
ed

 in
fe

ct
io

n 
or

 s
er

ol
og

ic
al

 e
vi

de
nc

e 
of

 in
fe

ct
io

n 
(≥

4 
fo

ld
 r

is
e 

in
 a

nt
ib

od
y 

tit
er

) 
of

 th
e 

co
rr

es
po

nd
in

g 
in

fl
ue

nz
a 

su
bt

yp
e 

[7
].

 T
he

re
 w

er
e 

3 
se

as
on

al
 A

(H
1N

1)
in

fe
ct

io
ns

, 2
 s

ea
so

na
l A

(H
3N

2)
 in

fe
ct

io
ns

, 1
 s

ea
so

na
l B

/F
lo

ri
da

 in
fe

ct
io

n 
an

d 
10

 p
an

de
m

ic
 A

(H
1N

1)
 in

fe
ct

io
ns

 d
ur

in
g 

th
e 

20
08

–2
00

9 
se

as
on

. S
ea

so
na

l B
/F

lo
ri

da
 in

fe
ct

io
n 

in
 2

00
8–

20
09

 c
ou

ld
 n

ot
 b

e
in

cl
ud

ed
 in

 th
e 

an
al

ys
is

.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 September 01.


