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In children, 2 AS03-adjuvanted A(H1N1)pdm09 vaccine doses given 21 days apart were previously shown to induce
a high humoral immune response and to have an acceptable safety proﬁle up to 42 days following the ﬁrst vaccination.
Here, we analyzed the persistence data from 2 open-label studies, which assessed the safety, and humoral and cellmediated immune responses induced by 2 doses of this vaccine. The ﬁrst study was a phase II, randomized trial
conducted in 104 children aged 6–35 months vaccinated with the A(H1N1)pdm09 vaccine containing 1.9 mg
haemagglutinin antigen (HA) and AS03B (5.93 mg tocopherol) and the second study, a phase III, non-randomized trial
conducted in 210 children and adolescents aged 3–17 years vaccinated with the A(H1N1)pdm09 vaccine containing
3.75 mg HA and AS03A (11.86 mg tocopherol). Approximately one year after the ﬁrst dose, all children with available
data were seropositive for haemagglutinin inhibition and neutralising antibody titres, but a decline in geometric mean
antibody titres was noted. The vaccine induced a cell-mediated immune response in terms of antigen-speciﬁc
CD4C T-cells, which persisted up to one year post-vaccination. The vaccine did not raise any safety concern, though
these trials were not designed to detect rare events. In conclusion, 2 doses of the AS03-adjuvanted A(H1N1)pdm09
vaccine at 2 different dosages had a clinically acceptable safety proﬁle, and induced high and persistent humoral and
cell-mediated immune responses in children aged 6–35 months and 3–17 years. These studies have been registered at
www.clinicaltrials.gov NCT00971321 and NCT00964158.
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Introduction
In 2009, an outbreak of swine-origin influenza A virus
(A(H1N1)pdm09) was reported in Mexico, which rapidly spread
throughout the world, reaching pandemic proportions.1-6 As of
March 2010, almost all countries had reported cases, and more
than 17,400 deaths among laboratory-confirmed cases had been
reported to the World Health Organization (WHO).7 In August
2010, the WHO stated that the post-pandemic period had
started.8 Since then, the pandemic A(H1N1)pdm09 virus has
been widely circulating across the globe, causing variable levels of
disease and outbreaks, and is now established in human populations as a seasonal influenza virus.9
The A(H1N1)pdm09 influenza pandemic predominantly
affected children and young adults, and hospitalisation rates
were highest in children under 5 years of age.2,10 Therefore,
and also because children play a major role in the spread of
influenza virus infections, pediatric vaccination was considered
to be an effective solution to reduce mortality and to break
the transmission cycle during the A(H1N1)pdm09 influenza
pandemic.11-14 In this context, an antigen-sparing A(H1N1)
pdm09 split-virion inactivated vaccine, adjuvanted with a
tocopherol oil-in-water emulsion-based adjuvant system
(AS03), was developed. While a single dose of this vaccine was
shown to be immunogenic and to have an acceptable safety
profile in healthy adults, a permissive recommendation for 2
doses was made in children to ensure that their immune system responded adequately to the vaccination.15-18
In this manuscript, we evaluated the long-term safety and the
persistence of the immune responses induced by 2 doses of the
AS03-adjuvanted A(H1N1)pdm09 pandemic influenza vaccine,
when given 21 days apart, in children aged between 6 months

and 17 years. We report the results of 2 clinical trials conducted
either in children 6–35 months of age vaccinated with the pandemic vaccine containing 1.9 mg haemagglutinin antigen (HA)
and AS03B (1.9 mg HA/AS03B vaccine; Study A), or in children
3–17 years of age vaccinated with the pandemic vaccine containing 3.75 mg HA and AS03A (3.75 mg HA/AS03A vaccine; Study
B). Safety and humoral immunogenicity results of both studies
have been previously reported up to 42 days after the first vaccination.19,20 For Study A, we present the results obtained in
infants who received the 1.9 mg HA/AS03B vaccine because this
lower dosage of the pandemic influenza vaccine was shown to be
optimal in this age group.19 Moreover, a vaccine that induces a
satisfactory immune response using a minimum amount of antigen is always preferable.15,21 The persistence of the immune
response was assessed up to one year after the first dose administration in terms of haemagglutinin inhibition (HI) antibody
titres in all participants with available data and in terms of neutralising antibody titres in a subset of participants. In addition,
the cellular immunogenicity and the persistence of the cell-mediated immunity (CMI) were evaluated up to one year post-vaccination in a sub-cohort of participants from both studies.

Results
Study population
In Study A, 104 children 6–35 months of age received 2 doses
of the 1.9 mg HA/AS03B vaccine (Fig. 1). Between 11 and
12 months after the first vaccine dose administration (time point
named “Month 12”), 99 children completed the persistence
phase of the study and 89 children were included in the according to protocol (ATP) cohort for persistence Month 12.
In Study B, 210 children 3–17 years
of age received 2 doses of the 3.75 mg
HA/AS03A vaccine. At Month 12, 201
children (109 in the 3–9 years age group
and 92 in the 10–17 years age group)
completed the persistence phase of the
study. Of these, 184 children were
included in the ATP cohort for persistence Month 12.
The mean age, gender distribution,
and ethnicity of the participants included
in the ATP cohorts for persistence
Month 12 are shown for both studies in
Table 1.
Immunogenicity

Figure 1. Participant ﬂow. Footnote: TVC D total vaccinated cohort, ATP D according to protocol, HA
D haemagglutinin antigen, N D number of children.
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HI responses
Approximately one year after the
administration of the first dose of the
AS03-adjuvanted A(H1N1)pdm09 pandemic influenza vaccine, HI geometric
mean titres (GMTs) had expectedly
decreased, but they remained higher than
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Table 1. Baseline characteristics of children enrolled and vaccinated in
Study A and Study B (ATP cohort for persistence Month 12)
Characteristic
N
Age
Gender
Race

Median
Range
Female, n (%)
Male, n (%)
White – Caucasian /
European
heritage, n (%)
Other, n (%)

Study A

Study B

89
20.0 months
7–35 months
37 (41.6)
52 (58.4)
85 (95.5)

184
9.0 years
3–17 years
105 (57.1)
79 (42.9)
182 (98.9)

4 (4.5)

2 (1.1)

Footnote: N D number of children.
n (%) D number (percentage) of children with the speciﬁed characteristic.

the corresponding pre-vaccination values in both studies (Fig. 2).
In the ATP cohorts for persistence Month 12, HI GMTs were
215.8 [95% confidence interval (CI): 186.9–249.1] in Study A,
and 114.0 [95% CI: 100.2–129.7] and 251.0 [95% CI: 206.6–
304.9]
in
the
3–9 years and the 10–17 years age groups in Study B.
At one year post-vaccination, all children with available data
in both studies were seropositive for HI antibodies, and more
than 98.9% of them had seroprotective HI antibody titres against
the vaccine strain (Table 2). The HI seroconversion rates (SCRs)
were also high (94.3%), and the geometric mean fold rises
(GMFRs) ranged between 20.1 and 37.5 across both studies.
The observed immune response in terms of SCR, seroprotection
rate (SPR), and GMFR against the vaccine strain at Month 12
were above the Committee for Medicinal Products for Human
Use (CHMP) regulatory acceptance thresholds for influenza vaccines for adults in both pediatric studies.
Neutralising antibodies
Neutralising antibody assessments
were performed on a subset of participants, which was representative for the
whole cohort. As observed for the HI
titres, the observed neutralising antibody
GMTs had decreased at approximately
one year post-vaccination, but remained
higher than the corresponding pre-vaccination values in both studies. Neutralising antibody GMTs at Month 12 were
318.1 (95% CI: 228.1–443.6) in the
children in Study A, and 206.8 (95%
CI: 164.4–260.3) and 118.1 (95%:
85.6–163.0) in the children in the 3–
9 years age and the 10–17 years age
groups in Study B (Fig. 3).
All participants with available data in
both studies were seropositive approximately one year post-vaccination. The
vaccine response rate (VRR) was 92.0%
in the children in Study A at Month 12
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(Table 2). The VRRs were also high in Study B at Month 12:
98.2% and 89.3% in the 3–9 years and the
10–17 years age groups, respectively.
Cell-mediated immune response
CMI was evaluated in a sub-cohort of children from the ATP
immunogenicity cohort at Days 0, 21 and 42 (n D 29 in Study
A, n D 50 in Study B), and at Month 12 (n D 27 in Study A, n
D 56 in Study B) for persistence.
In the youngest age group (Study A), the frequency of H1N1specific CD4C T-cells increased after the first and second vaccine
doses (Fig. 4A). The CD4C T-cell response declined over time,
but the frequency of CD4C T-cells at Month 12 was similar to
that observed at 21 days after the first vaccine dose. Similarly, the
first vaccine dose induced H1N1-specific CD4C T-cells in the
3–17 years age group (Study B). However, following the second
dose, only a marginal increase of the CD4C T-cell response was
detected (Fig. 4B). The observed CD4C T-cell response
decreased between Day 42 and Month 12 but remained higher
than that observed at pre-vaccination in the older children.
To better understand the functionality of the H1N1-specific
CD4C T-cells, the cytokine expression profile has been described
as the frequency of H1N1-specific CD4C T-cells able to express
various cytokines such as gamma interferon [IFN-g], interleukin-13 [IL-13], tumor necrosis factor a [TNF-a], and IL-2 upon
in vitro stimulation with A(H1N1)pdm09 split antigen at
pre-vaccination, Day 21, and Day 42 (Fig. 5).
In Study A, the H1N1-specific CD4C T-cells mainly
expressed 3 combinations of markers (CD40L/IL-2/TNF-a,
IL-2/TNF-a, and CD40L/IL-2) (Fig. 5A). The most frequently
detected functional profile of the CD4C T-cells were cells producing mainly CD40L and IL-2 and did not suggest a particular
T helper 1 (TH1) or T helper 2 (TH2) profile. Little IFN-g and

Figure 2. Haemagglutinin inhibition antibody geometric mean titres at pre-vaccination, Day 21, Day
42, and Month 12 in (A) Study A and (B) Study B (according to protocol cohort for persistence at
Month 12). Footnote: 3–9 years age group D children in Study B, who received the ﬁrst vaccine dose
at 3–9 years of age, 10–17 years age group D children in Study B, who received the ﬁrst vaccine dose
at 10–17 years of age. Error bars represent 95% conﬁdence intervals.
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Table 2. Immune response as determined by haemagglutinin inhibition (HI) and neutralising antibody titres in Study A and in Study B (ATP cohort for persistence at Month 12)
Study A

Study B
3–9 years age group

HI responses
SPR [95% CI]

SCR [95% CI]

GMFR [95% CI]

Neutralising antibody
VRR (95% CI)

N

N

10–17 years age group
N

Day 0
Day 21
Day 42
Month 12
Day 21
Day 42
Month 12
Day 21
Day 42
Month 12

88
87
85
88
87
85
88
87
85
88

3.4 [0.7–9.6]
100 [95.8–100]
100 [95.8–100]
100 [95.9–100]
98.9 [93.8–100]
100 [95.8–100]
97.7 [92.0–99.7]
41.0 [35.1–47.9]
305.1 [251.2–370.5]
37.5 [31.0–45.2]

92
91
90
92
91
90
92
91
90
92

3.3 [0.7–9.2]
100 [96.0–100]
100 [96.0–100]
98.9 [94.1–100]
100 [96.0–100]
100 [96.0–100]
97.8 [92.4–99.7]
39.5 [34.1–45.7]
212.0 [182.5–246.2]
20.1 [17.4–23.1]

87
87
83
87
87
83
87
87
83
87

13.8 [7.3–22.9]
100 [95.8–100]
100 [95.7–100]
100 [95.8–100]
97.7 [91.9–99.7]
96.4 [89.8–99.2]
94.3 [87.1–98.1]
61.8 [48.4–78.8]
119.8 [92.3–155.4]
28.3 [22.2–36.1]

Day 21
Day 42
Month 12

54
54
50

53.7 [39.6–67.4]
98.1 [90.1–100]
92.0 [80.8–97.8]

60
57
55

86.7 [75.4–94.1]
100 [93.7–100]
98.2 [90.3–100]

28
28
28

85.7 [67.3–96.0]
100 [87.7–100]
89.3 [71.8–97.7]

Footnote: 3–9 years age group D children from Study B who received the ﬁrst vaccine dose at 3–9 years of age.
10–17 years age group D children from Study B who received the ﬁrst vaccine dose at 10–17 years of age.
N D number of children with available results.
95% CI D 95% conﬁdence interval.
SPR D seroprotection rate.
SCR D seroconversion rate.
GMFR D geometric mean fold rise.
VRR D vaccine response rate.

TNF-a expression and almost no IL-13 expression were detected
in children aged 6–35 months.
In Study B, the H1N1-specific CD4C T-cells showed mainly
expression of the following combinations of cytokines: IL-2/
TNF-a, CD40L/IL-2/TNF-a, IL-2/IFN-g, and CD40L/IL-2/
TNF-a/IFN-g (Fig. 5B). While almost no IL-13 expression was
observed in both studies, higher levels of H1N1-specific CD4C
T-cells producing IFN-g and TNF-a were detected in the 3- to
17-year-old children in comparison with the younger children.
These results suggest that the A(H1N1)pdm09 vaccine induced a
TH0/TH1 functional profile in the children 3–17 years of age.
In both studies, vaccination did not have any detectable
impact on the frequency of H1N1-specific CD8C T-cells at
21 days following the first or the second dose (data not shown).
Safety
During the one-year study period, at least one medically
attended adverse event (MAE) was reported by 90.4% [94/104]
of the children in Study A, who received the 1.9 mg HA/AS03B
vaccine, and by 42.9% [90/210] of the children in Study B, who
received the 3.75 mg HA/AS03A vaccine (Table 3). The most
frequently reported MAE was upper respiratory tract infection in
both studies. Three MAEs were considered to be related to vaccination: 2 in Study A (abnormal transaminases and dermatitis)
and one in Study B (urticaria).
In Study A, 2 children reported 4 serious adverse events (SAEs)
(obstructive bronchitis; and bronchiolitis, conjunctivitis and otitis
media). In Study B, one child reported one SAE (bone marrow
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failure). None of these SAEs were considered to be related to vaccination. While all SAEs reported in Study A resolved within
8 days, the patient with a bone marrow failure in Study B had
not recovered at the time of data analysis. No potential immunemediated diseases (pIMDs) were reported, but 4 adverse events of
specific interest (AESIs, all urticaria) were reported in Study B,
of which one was considered to be related to vaccination. No cases
of narcolepsy were reported in these studies.

Discussion
In this manuscript, we report the results of 2 studies,
which evaluated the persistence of the immune response and
the safety of 2 doses of the AS03-adjuvanted A(H1N1)
pdm09 vaccine given 21 days apart. The first study was conducted in children 6–35 months of age at the time of first
vaccination, who received 2 doses of the 1.9 mg HA/AS03B
vaccine, and the second study, in children 3–17 years of age,
who received 2 doses of the 3.75 mg HA/AS03A vaccine. The
immunogenicity and reactogenicity results of both studies
were previously reported up to 42 days after the first vaccination: both vaccine dosages were shown to be immunogenic in
terms of HI and neutralising antibody titres, and to have an
acceptable safety profile.19,20
One year after the administration of the first AS03-adjuvanted
A(H1N1)pdm09 vaccine dose, all children with available data
were seropositive and nearly all of them were seroprotected in
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terms of HI antibody titres against the
vaccine strain. The HI immune responses
continued to exceed the regulatory acceptance threshold for adults in both pediatric studies. Although it is difficult to
compare results of studies on different
vaccines, these findings are in line with
previous studies showing that immune
responses induced by 2 doses of an
AS03A-adjuvanted H5N1 vaccine containing 3.75 mg HA persisted up to
6 months in children22 and 18 months
in adults.23 As expected, a decrease in HI
antibody GMTs was observed between
Day 42 and Month 12 in both studies.
However, HI antibody GMTs at Month
12 remained within the same range as, or
Figure 3. Neutralising antibody geometric mean titres at pre-vaccination, Day 21, Day 42, and Month
slightly lower than, those observed at
12 in (A) Study A and (B) Study B (according to protocol cohort for persistence at Month 12). FootDay 21 and were higher than the correnote: 3–9 years age group D children in Study B, who received the ﬁrst vaccine dose at 3–9 years of
age, 10–17 years age group D children in Study B, who received the ﬁrst vaccine dose at 10–17 years
sponding pre-vaccination levels.19,20
of age. Error bars represent 95% conﬁdence intervals.
A similar pattern of immune response
was suggested by the neutralising antibodies. Two doses of the AS03-adjuvanted A(H1N1)pdm09 vac- who had experienced previous exposure to H1N1.22,25,28,29
cine induced a high and persistent neutralising antibody immune
In both age groups, almost no IL-13 expression was detected,
response in children. Similarly to the HI response, a decrease in showing that the responding CD4C T-cells did not display a
the neutralising antibody GMTs was observed between Day 42 TH2 functional profile. While little IFN-g and TNF-a expresand Month 12 in both studies. However, neutralising antibody sion was detected in children 6–35 months of age, higher levels
titres at Month 12 were higher than or within the same range as were
detected
in
children
those measured at Day 21 in both studies.19,20
3–17 years of age, suggesting that the A(H1N1)pdm09 vaccine
Apart from promoting a good humoral immune response in induced a TH0/TH1 functional profile in this population. Previterms of HI and neutralising antibody titres, the first dose of the ous studies have shown that an increase in TH1 responses relative
AS03-adjuvanted A(H1N1)pdm09 vaccine also induced CD4C to TH2 responses would provide improved cell-mediated
T-cell responses specific for the vaccine. This observation is in immune response after influenza vaccination.30,31 There was no
line with findings of previous studies showing that AS03-adju- detectable effect of vaccination on the frequency of vaccine-spevanted H5N1, H1N1 or trivalent inactivated influenza vaccines cific CD8C T-cells in either study, which is consistent with previinduced stronger polyfunctional CD4C T-cell responses than ous findings following influenza vaccination.22,24 The results of
non-adjuvanted vaccines.22-27 In the present study, the second both studies suggested that the AS03-adjuvanted A(H1N1)
vaccine dose induced a further increase of
H1N1-specific CD4C T-cell frequencies
in children 6–35 months of age, which
persisted up to one year post-vaccination
with values remaining above those
observed at pre-vaccination and similar
to those measured after the first vaccine
dose. In children 3–17 years of age, the
second vaccine dose did not induce a
marked further increase of H1N1-specific CD4C T-cell frequencies, and the
decline of the CMI response at one year
post-vaccination was more pronounced
than that observed in the younger age
group. The CMI profile observed in chilFigure 4. Frequencies of H1N1 split antigen speciﬁc CD4C T-cells identiﬁed as expressing 2 or more
dren 6–35 months of age was more typimarkers among CD40L, IL-2, IFN-g, TNF-a, and IL-13 per million of CD4C T-cells at pre-vaccination,
Day
21, Day 42, and Month 12 in (A) Study A and (B) Study B (sub-cohort of the according to protocol
cal for subjects na€ıve for H1N1, while
cohort
for persistence at Month 12). Footnote: IL-2 D interleukin-2, TNF-a D tumor necrosis factor a,
that observed in children 3–17 years of
IFN-g D gamma interferon, IL-13 D interleukin-13.
age was more characteristic for subjects
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The studies described in this manuscript were limited by their open-label
design and by the absence of a control
group. Moreover, they were not primarily designed to allow direct comparisons,
and the results must be considered within
the limitations of retrospective betweenstudy evaluations. The small sample size
for the CMI results in both studies was a
further limitation. Finally, the fact that
the CMI assays were performed in 2 separate runs in each study could possibly
introduce inter-run variation in the
reported levels.
In conclusion, 2 doses of AS03-adjuvanted A(H1N1)pdm09 pandemic influenza vaccine, containing either 3.75 mg
HA and AS03A or 1.9 mg HA and
AS03B, did not raise any safety concern,
and were shown to induce a high and
persistent humoral immune response in
terms of HI and neutralising antibodies,
and a high CMI response in children 6–
35 months and 3–17 years of age.

Materials and Methods
Study design
In this manuscript, we analyzed the
persistence data from 2 open-label studies, which were both conducted at 5
centers in Spain between September
Figure 5. Functional characterization of H1N1 split antigen speciﬁc CD4C T-cells per million CD4C T2009 and November 2010.19,20 The
cells at pre-vaccination, Day 21, Day 42, and Month 12 in (A) Study A and (B) Study B (sub-cohort of
first study (Study A) was a phase II ranthe according to protocol cohort for persistence at Month 12). Footnote: IL-2 D interleukin-2, TNF-a
domized study conducted in children
D tumor necrosis factor a, IFN-g D gamma interferon, IL-13 D interleukin-13.
6–35 months of age at the time of first
vaccination (Fig. 1).19 The second
pdm09 vaccine could induce a persistent immune response in study (Study B) was a phase III non-randomized trial conchildren since strong T- and B-cell responses were associated ducted in children and adolescents 3–17 years of age at the
with enhanced antibody persistence in previous studies following time of first vaccination.20 The results of Study B were preadministration of this vaccine or an AS03-adjuvanted H5N1 vac- sented for 2 age groups (3–9 years and 10–17 years age
cine.22-24 However, additional analyses at later timepoints are groups).
In the first step of Study A, all the children were enrolled in
needed to confirm this finding.
In both studies, no safety concerns were raised during the one vaccine group to receive 2 doses of the 1.9 mg HA/AS03B
one year post-vaccination safety follow-up, though these trials vaccine, while in the second sequential step, children were ranwere not designed to detect rare events. Several retrospective domized (1:1) in 2 vaccine groups to receive either 2 doses of the
studies suggest an association between vaccination with the 1.9 mg HA/AS03B vaccine or 2 doses of the 3.75 mg HA/AS03A
A/H1N1pdm09 vaccine PandemrixTM during the 2009–2010 vaccine. In this manuscript, we describe the persistence results for
pandemic and the subsequent onset of narcolepsy.32 As these the children who received the 1.9 mg HA/AS03B vaccine in
retrospective observational studies alone are insufficient to Study A or the 3.75 mg HA/AS03A vaccine in Study B. Results
ascribe the risk solely to the vaccine in light of several from the children who received the 3.75 mg HA/AS03A vaccine
known confounding factors,33-35 research into the chain of in Study A are available at www.clinicaltrials.gov
events that resulted in narcolepsy will benefit from further NCT00971321. In both studies, the 2 doses of the study vaccine
investigation of contributing genetic and environmental were administered 21 days apart (on Days 0 and 21), and blood
samples were taken from all the children on Days 0, 21, and 42.
components.36,37
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Table 3. Number and percentage of children with serious adverse events and unsolicited adverse events with medically attended visits reported during the
entire study period in Study A and Study B (total vaccinated cohort)

At least one SAE
Bone marrow failure
Bronchitis
Conjunctivitis
Bronchiolitis
Otitis media
At least one MAE
Bone marrow failure
Motion sickness
Conjunctival hyperaemia
Conjunctivitis
Keratitis
Abdominal pain
Constipation
Diarrhea
Gastritis
Odynophagia
Stomatitis
Tooth disorder
Vomiting
Allergy to animal
Latex allergy
Seasonal allergy
Granuloma
Pyrexia
Acute tonsillitis
Bronchiolitis
Bronchitis
Bronchopneumonia
Croup infectious
Cytomegalovirus infection
Cellulitis
Ear infection
Enterobiasis
Gastroenteritis
Hand-foot-and-mouth disease
Impetigo
Inﬂuenza
Laryngitis
Molluscum contagiosum
Nasopharyngitis
Oral herpes
Otitis externa
Otitis media
Otitis media acute
Pertussis
Pharyngitis
Pharyngotonsillitis
Pneumonia
Respiratory tract infection
Rhinitis
Scarlet fever
Skin infection
Tonsillitis
Upper respiratory tract infection
Urinary tract infection
Varicella
Viral infection
Face injury

Study A (ND104)

Study B (ND 210)

N
2
0
1
1
1
1
94
0
0
0
7
0
1
0
4
0
0
0
1
3
0
0
0
1
9
1
5
15
1
2
1
0
1
0
15
1
1
1
7
0
4
2
1
8
10
0
13
4
0
9
2
1
1
2
53
1
3
3
0

N
1
1
0
0
0
0
90
1
1
2
2
1
1
2
1
1
1
1
0
1
1
1
1
0
0
4
0
4
0
0
0
1
4
1
7
0
0
4
9
1
1
1
1
3
7
1
6
1
4
1
0
1
0
9
16
0
5
3
1

% [95% CI]
1.9 [0.2–6.8]
—
1.0 [0.0–5.2]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
90.4 [83.0–95.3]
—
—
—
6.7 [2.7–13.4]
—
1.0 [0.0–5.2]
—
3.8 [1.1–9.6]
—
—
—
1.0 [0.0–5.2]
2.9 [0.6–8.2]
—
—
—
1.0 [0.0–5.2]
8.7 [4.0–15.8]
1.0 [0.0–5.2]
4.8 [1.6–10.9]
14.4 [8.3–22.7]
1.0 [0.0–5.2]
1.9 [0.2–6.8]
1.0 [0.0–5.2]
—
1.0 [0.0–5.2]
—
14.4 [8.3–22.7]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
6.7 [2.7–13.4]
—
3.8 [1.1–9.6]
1.9 [0.2–6.8]
1.0 [0.0–5.2]
7.7 [3.4–14.6]
9.6 [4.7–17.0]
—
12.5 [6.8–20.4]
3.8 [1.1–9.6]
—
8.7 [4.0–15.8]
1.9 [0.2–6.8]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
1.9 [0.2–6.8]
51.0 [41.0–60.9]
1.0 [0.0–5.2]
2.9 [0.6–8.2]
2.9 [0.6–8.2]
—

% [95% CI]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
—
—
—
—
42.9 [36.1–49.8]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
1.0 [0.1–3.4]
1.0 [0.1–3.4]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
1.0 [0.1–3.4]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
—
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
—
—
1.9 [0.5–4.8]
—
1.9 [0.5–4.8]
—
—
—
0.5 [0.0–2.6]
1.9 [0.5–4.8]
0.5 [0.0–2.6]
3.3 [1.4–6.7]
—
—
1.9 [0.5–4.8]
4.3 [2.0–8.0]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
1.4 [0.3–4.1]
3.3 [1.4–6.7]
0.5 [0.0–2.6]
2.9 [1.1–6.1]
0.5 [0.0–2.6]
1.9 [0.5–4.8]
0.5 [0.0–2.6]
—
0.5 [0.0–2.6]
—
4.3 [2.0–8.0]
7.6 [4.4–12.1]
—
2.4 [0.8–5.5]
1.4 [0.3–4.1]
0.5 [0.0–2.6]
(Continued on next page)
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Table 3. Number and percentage of children with serious adverse events and unsolicited adverse events with medically attended visits reported during the
entire study period in Study A and Study B (total vaccinated cohort) (Continued)
Study A (ND104)
Fracture
Head injury
Radius fracture
Humerus fracture
Injury
Muscle strain
Open wound
Wound
Myalgia
Pain in extremity
Synovitis
Dyslalia
Headache
Migraine
Attention deﬁcit/hyperactivity disorder
Haematuria
Transaminases abnormal
Transaminases increased
Balanitis
Asthma
Bronchial hyperreactivity
Bronchospasm
Cough
Nasal congestion
Pulmonary hypertension
Rhinitis allergic
Blister
Dermatitis
Dermatitis atopic
Dermatitis diaper
Eczema
Prurigo
Acne
Rash
Skin lesion
Urticaria

0
1
0
1
2
1
1
1
0
0
0
0
0
0
0
0
1
1
1
5
4
0
7
0
0
0
1
3
2
3
1
2
0
6
1
0

—
1.0 [0.0–5.2]
—
1.0 [0.0–5.2]
1.9 [0.2–6.8]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
—
—
—
—
—
—
—
—
1.0 [0.0–5.2]
1.0 [0.0–5.2]
1.0 [0.0–5.2]
4.8 [1.6–10.9]
3.8 [1.1–9.6]
—
6.7 [2.7–13.4]
—
—
—
1.0 [0.0–5.2]
2.9 [0.6–8.2]
1.9 [0.2–6.8]
2.9 [0.6–8.2]
1.0 [0.0–5.2]
1.9 [0.2–6.8]
—
5.8 [2.1–12.1]
1.0 [0.0–5.2]
—

Study B (ND 210)
1
1
2
0
0
0
0
0
1
1
1
1
3
1
1
1
0
0
0
2
0
2
3
1
1
3
0
0
0
0
0
0
4
1
0
4

0.5 [0.0–2.6]
0.5 [0.0–2.6]
1.0 [0.1–3.4]
—
—
—
—
—
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
1.4 [0.3–4.1]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
—
—
—
1.0 [0.1–3.4]
—
1.0 [0.1–3.4]
1.4 [0.3–4.1]
0.5 [0.0–2.6]
0.5 [0.0–2.6]
1.4 [0.3–4.1]
—
—
—
—
—
—
1.9 [0.5–4.8]
0.5 [0.0–2.6]
—
1.9 [0.5–4.8]

Footnote: N D number of children.
95% CI D 95% conﬁdence interval.
SAE D serious adverse event.
MAE D unsolicited adverse event with medically attended visit.

In addition, a blood sample was taken at Month 11 (referred as
Month 12 in this manuscript) or Month 12 from the children
enrolled in Study A, and at Month 12 from all the children
enrolled in Study B.
Both studies were conducted in accordance with the International Conference on Harmonisation guidelines for Good Clinical Practice, all applicable subject privacy requirements, and the
guiding principles of the Declaration of Helsinki. The protocols
and associated documents were reviewed and approved by local
Ethics Committees. Written informed consent was obtained
from the parents/guardians of all the children prior to any study
procedure. To be compliant with the local regulations, an
informed assent was also obtained from children 12 years of age
or older in Study B. These trials have been registered at www.
clinicaltrials.gov NCT00971321 and NCT00964158. A summary of the studies protocols can be accessed at http://www.gskclinicalstudyregister.com/ (GSK study ID 113462 and 113528).
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Study participants
Participants included in Study A and Study B were healthy
children 6–35 months and 3–17 years of age at the time of vaccination, respectively.
Children were excluded from the studies if they used any
investigational or non-registered product; they had immunosuppression from any cause; they had clinically or virologically confirmed influenza infection within 6 months preceding the study
start; they previously received any H1N1 A/California-like vaccine; they had planned administration of any vaccine 30 days
prior and 30 days after any study vaccine administration; they
had received immunoglobulins or blood products within
3 months preceding the study; or they had used an analgesic or
antipyretic medication within 12 hours prior to the first vaccination. Moreover, girls of childbearing potential had to practice
adequate contraception for 30 days prior to vaccination, have a
negative pregnancy test prior to each vaccination, and continue
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such precautions for 2 months after completion of the vaccination series.
Study vaccines
The AS03-adjuvanted monovalent A(H1N1)pdm09 pandemic influenza vaccine (PandemrixTM , GSK Vaccines) was
formulated from inactivated, split-virion virus. The vaccine was a
2-component vaccine containing either 1.9 mg or 3.75 mg HA
per dose of the A/California/7/2009 (H1N1) NYMC X-179A
strain (New York Medical College, New York) adjuvanted with
either AS03B (containing 5.93 mg tocopherol per dose) or
AS03A (containing 11.86 mg tocopherol per dose).
One dose of the 3.75 mg HA/AS03A vaccine (total injection
volume of 0.5 mL) or one dose of the 1.9 mg HA/AS03B vaccine
(total injection volume of 0.25 mL) were administered intramuscularly on Days 0 and 21.
Study objectives
As previously described, the primary objective of each study
was to evaluate whether the humoral immune response of either
the 1.9 mg HA/AS03B or the 3.75 mg HA/AS03A vaccine
administered to infants aged 6–35 months or children aged
3–17 years met or exceeded the Committee for Medicinal Products for Human Use (CHMP) guidance targets as applied for
young adults for pandemic vaccines at 21 days following the second vaccine dose.19,20
The secondary objectives of both studies, which are presented
in this manuscript, included (1) the evaluation of the persistence
of the humoral immune response induced by 2 doses of the
3.75 mg HA/AS03A or the 1.9 mg HA/AS03B vaccine in terms
of HI antibody titres against the vaccine homologous strain up to
Month 12; (2) the evaluation of the humoral immune response
induced by both vaccine dosages in terms of H1N1 neutralising
antibodies in a subset of children; and (3) the evaluation of the
safety in terms of MAEs, AESIs, pIMDs, and SAEs during the
entire study period.
Moreover, the CMI response induced by both vaccine dosages
in terms of the expression of TH1 and TH2 markers was evaluated at each timepoint in a sub-cohort of children from both
studies (exploratory objective).
Immunogenicity assessments
Serum samples were tested by a validated HI microtitre assay
using chicken erythrocytes, as previously described,38 with the A/
California/7/2009 vaccine strain used as antigen.
The H1N1 micro-neutralisation assay was performed at the
Viroclinics laboratories on serum samples collected at all timepoints from all infants aged 6–11 months and from a subsets of
children from the other age groups.39,40 The serum was subjected
to heat treatment at 56 C for 30 minutes and then tested in triplicate. The assay used a constant amount of A/Netherlands/602/
2009 pandemic H1N1 influenza virus (A/California/07/2009like virus) mixed with serial 2-fold dilutions of serum samples.
The mixture of virus and serum was added to Madin-Darby
Canine Kidney (MDCK) cell cultures and incubated for one
hour at 37 C. Then, the virus-antibody mixture was removed
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from the wells, and the cells were fed with fresh culture medium
and further incubated for 6 days at 37 C. After the incubation
period, virus replication was visualised by haemagglutination of
red blood cells. The 50% neutralisation titer of a serum was calculated by the Reed and Muench method.41 The assay cut-off
was a neutralising antibody titer of 1:8.
The CMI assays were performed in a sub-cohort of children
on 2 separate testing runs: the first one including the samples
taken on Days 0, 21 and 42, and the second one including the
samples collected at Month 12. The intracellular cytokine staining was based on an adaptation of a method that was previously
described in full.22,42 In brief, whole blood samples were stimulated with A(H1N1)pdm09 split antigen. Peripheral blood
mononuclear cells were purified following the lysis of red blood
cells and then stained with fluorochrome-conjugated antibodies
(anti-CD4, anti-CD8, anti-IFN-g, anti-IL-2, anti-TNF-a, antiCD40L, and anti-IL-13). The cells were analyzed by flow cytometry, and antigen-specific T-cells were identified as CD4C or
CD8C T-cells expressing 2 or more immune markers among
CD40L, IL-2, IFN-g, TNF-a, and IL-13 after stimulation. The
results were expressed as frequencies of influenza-specific CD4C
and CD8C T-cells per 106 CD4C and CD8C T-cells, respectively. The characterization of TH1 versus TH2 profiles of vaccine-induced responses was performed by considering the
expression of IFN-g vs. IL-13 in the specific CD4C T-cells upon
in vitro stimulation.
All serological testing was performed in a central GSK
Vaccines’ laboratory or in validated laboratories designated by
GSK Vaccines using standardised, validated procedures.
Statistical analyses
Antibody persistence analyses were performed on the ATP
cohort for persistence at Month 12, which included all evaluable
children who met all eligibility criteria, complied with the procedures defined in the protocol, did not meet the elimination criteria during the entire study, and for whom data concerning
immunogenicity endpoint measures were available at Month 12.
In both studies, safety analyses were performed on the total vaccinated cohort.
The HI immune response was described by estimating the following parameters with their 95% CIs: GMTs, seropositivity
rates, SPRs, SCRs, and GMFRs. Seropositivity rates were defined
as percentages of children with serum HI antibody titres 1:10.
SPRs were defined as percentages of vaccinees with serum HI
antibody titres 1:40, which is usually accepted as indicating
protection. SCRs were defined as percentages of vaccinees with
serum HI antibody titres 1:40 for initially seronegative subjects,
or at least 4-fold increases in post-vaccination serum HI antibody
titres compared to pre-vaccination serum HI antibody titres in
initially seropositive subjects. GMFRs were defined as geometric
means of within-subject ratios of post-vaccination reciprocal HI
antibody titres to pre-vaccination reciprocal HI antibody titres
for the vaccine virus. The CHMP criteria are fulfilled in adults
aged 18–60 years if the point estimate was >40% for SCR,
>70% for SPR, and >2.5 for GMFR. The same CHMP criteria
were used for the pediatric studies presented here.
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The neutralising antibody immune response was described in
a subset of children from each group in both studies, who were
randomly selected using a centralised randomization system on
Internet and/or Matex. The following parameters were estimated
with their 95% CIs: GMTs, seropositivity rates, and VRRs. Seropositivity rates were defined as percentages of children with neutralising antibody titres 1:8. VRRs were defined as percentages
of vaccinees with neutralising antibody titres 1:32 for initially
seronegative children or at least 4-fold increases in
post-vaccination neutralising antibody titres compared to
pre-vaccination neutralising antibody titres for initially seropositive children.
The CMI response induced by the AS03-adjuvanted A/
H1N1/2009 pandemic influenza vaccine and the characteristics
of its T-helper profile were estimated at each timepoint by the
frequency of influenza-specific CD4C/CD8C T-lymphocytes in a
sub-cohort of 30 children in Study A and 60 children in Study
B, who were selected on a first-come basis at the centers that had
CMI sample proceeding capabilities. Since an additional specific
blood volume (taken on the same day as serum sampling for
humoral response assessments) was needed for CMI analyses,
only a sub-cohort of participants was selected in order to decrease
the burden on the children.
The proportion of children with MAEs, AESIs and PIMDs,
were tabulated with their exact 95% CIs up to Month 12, and
SAEs were described in detail during the entire study period. An
assessment of causality was made by the investigator for these
reported adverse events.
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