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Background. Cell-culture-derived (CC) influenza vaccine production methods could provide benefits over clas-
sical embryonated-egg technology, including a higher production capacity and the faster creation of a supply that
meets demand.

Methods. ACC-inactivated split-virus influenza A/Indonesia/5/2005(H5N1) vaccine derived from the EB66 cell
line (hereafter, “CC-H5N1”) was investigated in a phase 1 randomized, blinded study. Healthy adults (n = 521) re-
ceived 2 vaccine doses (days 0 and 21) of either investigational CC-H5N1 vaccine (1.9 µg or 3.75 µg of hemagglutinin
antigen [HA] with the AS03 adjuvant system or 15 µg of plain HA), embryonated-egg-derived vaccines (3.75 µg of
HA with AS03 or 15 µg of plain HA), or placebo. Assessment of the adjuvant effect and immunogenicity was per-
formed using Center for Biologics Evaluation and Research acceptability criteria 21 days after dose 2. Safety was
assessed until month 12.

Results. AS03-adjuvanted CC-H5N1 elicited a homologous hemagglutination inhibition antibody response that
satisfied immunogenicity criteria 21 days after dose 2 and persisted at month 12. Adjuvant effect and immune re-
sponse against a drift-variant strain were demonstrated. No vaccine-related serious adverse events were reported. The
immunogenicity and safety of the CC-H5N1 formulation containing 3.75 µg of HA and AS03 appeared to be similar
to those for the licensed egg-derived AS03-adjuvanted control vaccine.

Conclusions. The feasibility of the EB66 cell line to produce an immunogenic influenza vaccine with acceptable
safety profile was demonstrated. Antigen sparing was achieved through combination with AS03 adjuvant. This CC-
H5N1 might contribute to the rapid access of vaccine in the event of an influenza A(H5N1) pandemic.

Clinical Trials Registration. NCT01236040.
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Influenza pandemics occur when a large proportion of
the global population is immunologically naive to an

emerging, transmissible influenza virus strain and
may result in great loss of life [1]. While the impact of
influenza pandemics could be attenuated by the prompt
and widespread use of effective vaccines [2], vaccine
production capacity is heavily constrained by current
technology. Traditionally, influenza vaccines licensed
in the United States have been manufactured using em-
bryonated hen eggs, the limitations of which were high-
lighted by the 2009 influenza A(H1N1) pandemic: at
least 6 months are needed for development of a new
egg-based vaccine, by which time the peak of a pandem-
ic may have already been reached, and vaccine supply is
not able to meet global demand [3]. Consequently, sev-
eral manufacturers have developed or are investigating
production of influenza vaccines in cell culture (CC).
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Potential benefits of CC-derived influenza vaccines over manu-
facturing processes using eggs include independence from the
need for a readily available supply of high-quality eggs, in-
creased manufacturing flexibility, existing cell banks allowing
immediate start of production, and the possibility of a simpler,
more streamlined scale-up [4, 5].

The influenza A(H5N1) strain is a highly pathogenic
avian influenza virus with pandemic potential [2]. Influenza
A(H5N1) vaccines are poorly immunogenic without adjuvant,
and the influenza A(H5N1) hemagglutinin antigen (HA) dose
required to induce acceptable levels of humoral immunity
in adults is 6 times that typically administered in seasonal
influenza vaccines [6]. Egg-derived inactivated split-virion re-
combinant influenza A(H5N1) vaccines with the proprietary
AS03 adjuvant system induced broad clade and subclade cross-
reactivity and improved immunogenicity, compared with unadju-
vanted formulations, allowing administration of lower HA doses
[7–12]. GlaxoSmithKline’s (GSK’s) egg-derived influenza
A(H5N1)–AS03 vaccines are licensed for use in adults aged ≥18
years in the European Union, the United States, and elsewhere.

To allow a rapid and flexible response in the event of an in-
fluenza A(H5N1) pandemic, GSK Vaccines has developed a
CC-inactivated split-virus influenza A/Indonesia/5/2005
(H5N1) vaccine (hereafter, “CC-H5N1”), using the EB66 cell
line. The safety and immunogenicity of different formulations
of CC-H5N1 and the benefit of the AS03 adjuvant were evalu-
ated in a phase 1 study conducted in healthy adults.

METHODS

Study Design and Objectives
The study (clinical trials registration NCT01236040) was con-
ducted according to good clinical practice and the Declaration
of Helsinki. The protocol and associated documents were re-
viewed and approved by a commercial independent institution-
al review board (Chesapeake Research Review; Columbia,
Maryland). Written informed consent was obtained from par-
ticipants prior to enrollment. This observer-blinded, random-
ized, controlled study was conducted in 4 US centers between
29 November 2010 and 20 August 2012.

The coprimary immunogenicity objectives were to demon-
strate the adjuvant effect of AS03 and the immunogenicity of
AS03A-adjuvanted CC-H5N1 containing 3.75 µg of HA 21
days after dose 2, using Center for Biologics Evaluation and Re-
search (CBER) acceptance criteria for pandemic influenza vac-
cine candidates [13]. Secondary immunogenicity objectives
were to characterize immunogenicity in terms of hemagglutinin
inhibition (HI) and neutralizing antibodies (NAbs), antibody
persistence to month 12, and the immune response to a drift
variant strain and to contrast the immunogenicity of CC-
H5N1 to that of an egg-derived vaccine (Q-H5N1; at similar an-
tigen doses and with or without adjuvant).

The coprimary safety objective was to evaluate the reactoge-
nicity of CC-H5N1 in terms of grade 3 injection site pain ≤7
days after any vaccination. Reactogenicity of the study vaccines
and safety up to 12 months after vaccination were assessed as
secondary objectives.

Enrollment was conducted in 2 waves to allow refinement of
dose selection on the basis of wave 1 data. Recruitment was stag-
gered to allow review of accrued safety data by an independent
safety review committee.

Randomization was performed at GSK Vaccines, using
MATEX in SAS (Cary, North Carolina). A randomization
blocking scheme ensured that balance between vaccine groups
was maintained. Treatment allocation at the investigator site
was performed using an Internet-based randomization system,
with study center and history of previous seasonal or pandemic
A(H1N1)pdm09 influenza vaccination within the last 3 years as
minimization factors. Owing to the difference in appearance of
the study vaccines, the study was conducted with blinding of
observers, meaning that study staff who administered the vac-
cines were not involved in assessment of study outcomes.

Study Subjects
Participants were healthy adults (age, 18–49 years) who satisfied
baseline medical assessment by history, physical examination,
and assessment of laboratory parameters. Participants were ex-
cluded if they had a history of influenza A(H5N1) infection,
were at risk of occupational influenza A(H5N1) exposure, or
if they had received previous vaccination with any influenza
A(H5N1) vaccine or oil-in-water adjuvanted influenza vaccine.
Other exclusion criteria included significant acute or chronic,
uncontrolled illness; coagulation disorders; evidence of current
substance abuse; cancer; suspected immunodeficiency; receipt
of systemic glucocorticoids within 1 month or any other cyto-
toxic or immunosuppressive drug within 6 months of enroll-
ment; receipt of immunoglobulins/blood products within 3
months of enrollment; or a history of Guillain-Barré syndrome.
Participants who received inactivated seasonal influenza vacci-
nation within 14 days before the first study dose or had a history
of allergy or hypersensitivity to any vaccine component were
also excluded. Female participants of childbearing potential
had a negative pregnancy test result at vaccination and practiced
adequate contraception from 30 days prior to vaccination until
2 months after completion of the vaccination. Female partici-
pants who were pregnant or lactating were excluded.

Vaccines
All subjects received 2 doses of vaccine administered 21 days
apart. Wave 1 participants were equally assigned to one of 4
study groups: CC-3.75 µgHA + AS03A (a cell-culture-derived
formulation with 3.75 µg of HA plus AS03A), CC-15 µg
PlainHA (a cell-culture-derived formulation with 15 µg of HA
without adjuvant), Q-15 µgPlainHA (an egg-derived formulation
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with 15 µg of HAwithout adjuvant), or placebo (saline). Wave 2
participants were equally assigned to one of 4 study groups: CC-
3.75 µgHA + AS03A, CC-1.9 µgHA + AS03B (a cell-culture-
derived formulation with 1.9 µg of HA plus AS03B), Q-3.75
µgHA + AS03A (an egg-derived formulation with 3.75 µg of
HA plus AS03A), or placebo. All vaccines were given intramus-
cularly into the deltoid muscle, alternating sides for each dose.

All vaccines were manufactured by GSK Vaccines. The split
virion vaccines were produced using an inactivated A/Indone-
sia/05/2005 (IBCDC-RG2) clade 2.1 strain (Centers for Disease
Control and Prevention, Atlanta, Georgia). The CC-H5N1 can-
didates were manufactured in Belgium using EB66 as substrate.
Egg-derived vaccines were produced in Quebec, Canada.

AS03A and AS03B are GSK Vaccines’ proprietary Adjuvant
Systems, manufactured in Rixensart, Belgium, and contain α-
tocopherol (11.86 mg and 5.93 mg, respectively) and squalene
in an oil-in-water emulsion.

Immunogenicity Assessment
Humoral immunity was assessed on days 0, 21, and 42 and 6
and 12 months after vaccination. HI antibodies to A/Indone-
sia/5/2005 (all samples) and to clade 1 strain A/Vietnam/
1194/2004 (subset of samples) were measured as previously de-
scribed but using horse erythrocytes rather than avian erythro-
cytes [14–17]. The titration end point was the highest dilution
that completely inhibited hemagglutination. The lowest dilution
tested was 1:10. HI antibody titers of ≥1:40 were considered
seroprotective.

NAbs to A/Indonesia/05/2005 and A/Vietnam/1194/2004
were measured in a subset of samples, using methods described
previously [14, 16]. In brief, a standardized amount of the re-
verse-genetics-derived virus was mixed with serial 2-fold dilu-
tions of serum samples to allow antibody/virus binding. The
mixture containing bound antibody was added to Madin-
Darby canine kidney cell (Novartis) cultures and incubated
for seven days at 33°C. Viral replication was visualized as hem-
agglutination of chicken red blood cells. The 50% neutralization
titer of a serum specimen was calculated by the method of Reed
and Muench [18]. The assay cutoff was 1:28. Results with a titer
of <1:28 were coded as 1:14 for calculation of the geometric
mean titers (GMTs).

Fifty samples in each treatment group were selected for the
immunogenicity subsets: a random selection of 25 participants
from each wave in the CC-3.75 µgHA + AS03A and placebo
groups, all wave 1 participants in the CC-15 µgPlainHA and
Q-15 µgPlainHA groups, and a random selection of 50 wave 2
participants in the CC-1.9 µgHA + AS03B and Q-3.75 µgHA +
AS03A groups.

Safety and Reactogenicity Assessment
Injection site (pain, redness, and swelling) and general symp-
toms (body temperature, headache, fatigue, joint pain, muscle

aches, shivering, increased sweating, and gastrointestinal symp-
toms) were recorded for 7 days after each dose, and any other
adverse events (AEs) until 21 days after dose 2, on diary cards.
Serious AEs (SAEs), potential immune-mediated diseases
(pIMDs), and medically attended AEs (MAEs: defined as hos-
pitalization, an emergency department visit, or a visit to or from
medical personnel for any reason) were recorded throughout
the study until the month 12 contact. AEs were graded on a
3-point scale, in which 0 was defined as absent; 1, as mild; 2,
as moderate; and 3, as severe. All injection site symptoms
were considered to be vaccine related. Potential causal relation-
ships between vaccination and other symptoms or events were
determined by the site investigator.

Hematological and biochemical analyses were performed on
blood samples collected on days 0, 7, 21, 28, and 42 and month 6.

Statistical Methods
The primary cohort for the assessment of immunogenicity was
the per-protocol cohort, which included all eligible participants
who complied with protocol-defined procedures, received 2
doses of study vaccine, and had baseline vaccine-homologous
HI results. Adjuvant effect was demonstrated in Wave 1 if, 21
days after dose 2 the lower limit of the 95% confidence intervals
(CIs) for the GMT ratio for the CC-3.75 µgHA + AS03A group
over the CC-15 µgPlainHA group was >1.0 and if the lower
limit of the 95% CI for the difference in seroconversion rate
(SCR) between groups was >0. Antigen sparing was demon-
strated if the CC-3.75 µgHA +AS03A formulation induced a
vaccine-homologous HI response that met CBER acceptance
targets 21 days after the second dose in wave 1 (ie, the lower
limit of the 95% CI for the SCR was ≥40%, and the lower
limit of the 95% CI for the seroprotection rate [SPR] was
≥70%).

The notional SPR was defined as the percentage of partici-
pants with a vaccine-homologous HI antibody titer of ≥1:40.
The SCR was defined as the percentage of initially seronegative
participants with a postvaccination titer of ≥1:40 or a ≥4-fold
increase in titer in initially seropositive participants. A vaccine
response for serum NAb titers was defined as a ≥4-fold increase
in the postvaccination titer relative to day 0.

An analysis performed using day 42 HI immunogenicity and
safety data after wave 1 was used to guide dose selection for
wave 2. Where applicable, results show the final analysis from
both waves.

With 48 evaluable participants in the CC-3.75 µgHA +
AS03A group during wave 1, the study had ≥93% power to
meet the coprimary immunogenicity objectives, assuming a
SPR and SCR each of 90.8%. With 50 enrolled subjects in the
CC-3.75 µgHA + AS03A group during wave 1, the study had
80.0% probability of detecting at least 1 adverse event (grade
3 pain) if the true occurrence rate was 3.2%. Analyses were per-
formed using SAS software, version 9.1.
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RESULTS

Study Subjects
There were 839 adults screened, of whom 318 were not allocated
to a treatment group (Figure 1). There were 521 vaccinated par-
ticipants. No subject withdrew from the study because of an AE.
In each treatment group, the mean age was 31.1–33.4 years, and
there were more female than male participants (Table 1).

Coprimary Immunogenicity Objectives
The criteria for confirmation of the adjuvant effect of AS03A
(wave 1) were met. The HI-adjusted GMT ratio (calculated as
the GMT for the CC-3.75 µgHA + AS03A group divided by
the GMT for the CC-15 µgPlainHA group) at day 42 was 24.3

(95% CI, 17.5–33.6), and the difference in the SCR (calculated
as the SCR for the CC-3.75 µgHA + AS03A group minus the
SCR for the CC-15 µgPlainHA group) was 71.34 percentage
points (95% CI, 56.4–82.3).

Antigen sparing was demonstrated. The vaccine-homologous
HI response induced by CC-3.75 µgHA + AS03A met CBER cri-
teria. At day 42 (wave 1), the SCR was 97.9% (95% CI, 88.7%–
99.9%) and the SPR was 100% (95% CI, 92.5%–100%).

In a post-hoc analysis, the criteria for adjuvant effect and an-
tigen sparing were also demonstrated for the CC-1.9 µgHA +
AS03B group: the HI-adjusted GMT ratio (calculated as the
GMT for the CC-1.9 µgHA + AS03B group divided by the
GMT for the CC-15 µgPlainHA group) at day 42 was 13.7
(95% CI, 9.9–18.9), and the SCR difference was 62.8 percentage

Figure 1. Subject flow through the study. Subjects were eliminated at day 42 (D42) after the first dose for the following reasons (1 subject could have
several elimination codes): protocol violation (n = 1), received protocol-forbidden medication (n = 1), underlying medical condition (n = 1), noncompliance
with vaccination or blood sampling schedule (n = 11), and invalid results or insufficient serum quantity (n = 8). Subjects were eliminated at month 12
(M12) after the first dose for the following reasons (1 subject could have several elimination codes): protocol violation (n = 1), received protocol-forbidden
medication (n = 2), underlying medical condition (n = 1), noncompliance with vaccination or blood sampling schedule (n = 5), invalid results or insufficient
serum quantity (n = 3), and incomplete vaccination schedule and eliminated from the D42 analysis (n = 7). CC-1.9 µgHA + AS03B, cell-culture-derived for-
mulation with 1.9 µg of HA plus AS03B adjuvant; CC-3.75 µgHA + AS03A, cell-culture-derived formulation with 3.75 µg of HA plus AS03A adjuvant; CC-15
µgPlainHA, cell-culture-derived formulation with 15 µg of HA without adjuvant; HA, hemagglutinin antigen; PP, per protocol; Q-3.75 µgHA + AS03A, egg-
derived formulation with 3.75 µg of HA plus AS03A adjuvant; Q-15 µgPlainHA, egg-derived formulation with 15 µg of HA without adjuvant.
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points (95% CI, 46.9–75.0). CBER criteria were met in terms of
the SCR and SPR at day 42 (Table 2).

Homologous Immune Response: A/Indonesia/5/2005 Strain
Immunogenicity, Using the HI Assay
Prevaccination SPRs ranged between 2.0% and 17.5% across the
study groups, with overlapping 95% CIs (Table 2). Prevaccina-
tion GMTs were low in all groups, but they were lower in groups
receiving plain HA (Supplementary Figure 1). Two doses of
CC-3.75 µgHA + AS03A or CC-1.9 µgHA + AS03B induced a
robust immune response, with seroconversion for HI antibodies
for the vaccine strain in at least 89.3% of participants and no-
tional seroprotection in at least 97.3% at day 42 (Table 2). At
day 42, both of the AS03-adjuvanted CC-H5N1 formulations
met CBER criteria for the SCR and SPR. The day 42 HI GMT
was 465.9 in the CC-3.75 µgHA + AS03A group and 324.4 in the
CC-1.9 µgHA + AS03B group (Supplementary Figure 1). In the
group immunized with Q-3.75 µgHA + AS03A, the day 42 SCR
was 94.9%, the SPR was 97.4% (Table 2), and the GMT was
415.9 (Supplementary Figure 1). By contrast, the day 42 SCRs
and SPRs in the groups receiving plain antigen were ≤53.1%
(Table 2), and the GMTs at day 42 were ≤36.4 (Supplementary
Figure 1). By month 12, the SPR was 32.1% in the CC-3.75
µgHA + AS03A group and 18.3% in the CC-1.9 µgHA + AS03B
group, compared with 31.9% in the group that received Q-3.75
µgHA + AS03A and ≤2.4% in the groups that received plain
antigen (Table 2).

Immunogenicity, Using the Microneutralization Assay
Vaccine-homologous NAb responses (defined as ≥4-fold in-
creases) were detected on day 42 in 88.9% of CC-3.75 µgHA +
AS03A recipients, 95.9% of CC-1.9 µgHA + AS03B recipients,
and 96.2% of Q-3.75 µgHA + AS03A recipients, compared
with ≤43.8% of participants who received 15 µg plain HA
(Table 3). NAbs were detectable until month 12 in 100%,
89.6%, and 97.8% of participants, respectively, compared with
55.8% who received CC-15 µgPlainHA and 73.8% who received
Q-15 µgPlainHA. After the peak at day 42, NAb titers decreased
over time but remained higher than prevaccination levels at
month 12 (Supplementary Figure 2).

Drift Variant Immune Response: A/Vietnam/1194/2004 Strain
Immunogenicity, Using the HI Assay
Prevaccination SPRs ranged between 0.0% and 24.5% across the
study groups (Table 2). Observed prevaccination GMTs were
low in all groups, but they were lower in groups receiving
plain HA (Supplementary Figure 1). Two doses of CC-3.75
µgHA + AS03A or CC-1.9 µgHA + AS03B induced seroconver-
sion for heterologous HI antibodies at day 42 in 73.9% and
60.0% of participants, respectively (Table 2). The SPR was
84.8% and 88.0%, respectively, and the day 42 HI GMT was
73.0 and 69.6, respectively (Supplementary Figure 1). The
day 42 SCR in the group immunized with Q-3.75 µgHA +
AS03A was 53.8%, the SPR was 78.8%, and the GMT was 62.9
(Supplementary Figure 1). By contrast, the day 42 SCRs and

Table 1. Demographic Characteristics, by Study Group—Total Vaccinated Cohort

Characteristic

CC-3.75
µgHA+A03A

(n = 131)

CC-1.9
µgHA+AS03B

(n = 80)

CC-15
µgPlainHA
(n = 51)

Q-3.75
µgHA+AS03A

(n = 80)

Q-15
µgPlainHA
(n = 49)

Placebo
(Saline)
(n = 130)

Age, y

Mean ± SD 31.5 ± 9.56 33.4 ± 9.50 31.1 ± 9.05 33.1 ± 10.10 32.1 ± 10.47 31.8 ± 9.29
Range 18–49 18–49 18–47 18–49 18–49 18–49

Sex, no. (%)

Female 75 (57.3) 45 (56.3) 33 (64.7) 52 (65.0) 27 (55.1) 79 (60.8)
Male 56 (42.7) 35 (43.8) 18 (35.3) 28 (35.0) 22 (44.9) 51 (39.2)

Geographic ancestry, no. (%)

African/African
American

35 (26.7) 19 (23.8) 13 (25.5) 24 (30.0) 11 (22.4) 27 (20.8)

American Indian/
Alaskan native

0 0 2 (3.9) 0 0 1 (0.8)

Central/South Asian 1 (0.8) 0 0 2 (2.5) 0 0

East Asian 2 (1.5) 0 1 (2.0) 1 (1.3) 0 2 (1.5)

Southeast Asian 3 (2.3) 0 0 3 (3.8) 0 0
Caucasian 87 (66.4) 61 (76.3) 34 (66.7) 48 (60.0) 38 (77.6) 96 (73.8)

Othera 3 (2.3) 0 1 (2.0) 2 (2.5) 0 4 (3.1)

Abbreviations: CC-1.9 µgHA + AS03B, cell-culture-derived formulation with 1.9 µg of HA plus AS03B adjuvant; CC-3.75 µgHA + AS03A, cell-culture-derived
formulation with 3.75 µg of HA plus AS03A adjuvant; CC-15 µgPlainHA, cell-culture-derived formulation with 15 µg of HA without adjuvant; HA, hemagglutinin
antigen; Q-3.75 µgHA + AS03A, egg-derived formulation with 3.75 µg of HA plus AS03A adjuvant; Q-15 µgPlainHA, egg-derived formulation with 15 µg of HA
without adjuvant; SD, standard deviation.
a Includes Japanese and Hawaiian.
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SPRs in the plain antigen groups were ≤16.3% (Table 2), and
the HI GMTs were ≤15.3 (Supplementary Figure 1). By
month 12, the SPR for the heterologous strain was 17.5% in
the CC-3.75 µgHA + AS03A group and lower in the other
groups (Table 2).

Immunogenicity, Using the Microneutralization Assay
NAbs response (defined as a ≥4-fold increase) to the heterolo-
gous A/Vietnam/1194/2004 strain were detected at day 42 in
23.9% of CC-3.75 µgHA + AS03A recipients, 40.0% of CC-1.9
µgHA + AS03B recipients, and 24.0% of Q-3.75 µgHA + AS03A

Table 2. Hemagglutination Inhibition Antibodies to Vaccine-Homologous A/Indonesia/5/2005 and Vaccine-Heterologous A/Vietnam/
1194/2004 After Vaccination—Per-Protocol Cohorts for Immunogenicity and Persistence

Group, Time Pointa

A/Indonesia/5/2005 A/Vietnam/1194/2004

No. SCR, % (95% CI) SPR, % (95% CI) No. SCR, % (95% CI) SPR, % (95% CI)

CC-3.75 µgHA+AS03A
Day 0b 124 . . . 6.5 (2.8–12.3) 48 . . . 12.5 (4.7–25.2)

Day 21 124 48.4 (39.3–57.5) 58.1 (48.9–66.9) 48 18.8 (8.9–32.6) 31.3 (18.7–46.3)

Day 42 119 97.5 (92.8–99.5) 100 (96.9–100) 46 73.9 (58.9–85.7) 84.8 (71.1–93.7)
Month 6 112 56.3 (46.6–65.6) 62.5 (52.9–71.5) 43 14.0 (5.3–27.9) 27.9 (15.3–43.7)

Month 12 106 29.2 (20.8–38.9) 32.1 (23.3–41.8) 40 7.5 (1.6–20.4) 17.5 (7.3–32.8)

CC-1.9 µgHA+AS03B
Day 0b 77 . . . 15.6 (8.3–25.6) 52 . . . 19.2 (9.6–32.5)

Day 21 77 35.1 (24.5–46.8) 50.6 (39.0–62.2) 52 13.5 (5.6–25.8) 36.5 (23.6–51.0)

Day 42 75 89.3 (80.1–95.3) 97.3 (90.7–99.7) 50 60.0 (45.2–73.6) 88.0 (75.7–95.5)
Month 6 73 34.2 (23.5–46.3) 46.6 (34.8–58.6) 50 4.0 (.5–13.7) 14.0 (5.8–26.7)

Month 12 71 11.3 (5.0–21.0) 18.3 (10.1–29.3) 49 4.1 (.5–14.0) 6.1 (1.3–16.9)

CC-15 µgPlainHA
Day 0b 50 . . . 4.0 (0.5–13.7) 50 . . . 0.0 (.0–7.1)

Day 21 50 4.0 (.5–13.7) 4.0 (.5–13.7) 50 8.0 (2.2–19.2) 10.0 (3.3–21.8)

Day 42 49 26.5 (14.9–41.1) 28.6 (16.6–43.3) 49 12.2 (4.6–24.8) 16.3 (7.3–29.7)
Month 6 45 2.2 (.1–11.8) 4.4 (.5–15.1) 45 6.7 (1.4–18.3) 6.7 (1.4–18.3)

Month 12 43 0.0 (.0–8.2) 2.3 (.1–12.3) 43 2.3 (.1–12.3) 4.7 (.6–15.8)

Q-3.75 µgHA+AS03A
Day 0b 80 . . . 17.5 (9.9–27.6) 53 . . . 24.5 (13.8–38.3)

Day 21 80 46.3 (35.0–57.8) 63.8 (52.2–74.2) 53 15.1 (6.7–27.6) 35.8 (23.1–50.2)

Day 42 78 94.9 (87.4–98.6) 97.4 (91.0–99.7) 52 53.8 (39.5–67.8) 78.8 (65.3–88.9)
Month 6 73 47.9 (36.1–60.0) 58.9 (46.8–70.3) 49 8.2 (2.3–19.6) 12.2 (4.6–24.8)

Month 12 69 24.6 (15.1–36.5) 31.9 (21.2–44.2) 46 4.3 (.5–14.8) 6.5 (1.4–17.9)

Q-15 µgPlainHA
Day 0b 49 . . . 2.0 (.1–10.9) 49 . . . 4.1 (.5–14.0)

Day 21 49 6.1 (1.3–16.9) 8.2 (2.3–19.6) 49 6.1 (1.3–16.9) 10.2 (3.4–22.2)

Day 42 49 51.0 (36.3–65.6) 53.1 (38.3–67.5) 49 8.2 (2.3–19.6) 12.2 (4.6–24.8)
Month 6 45 6.7 (1.4–18.3) 8.9 (2.5–21.2) 45 2.2 (.1–11.8) 11.1 (3.7–24.1)

Month 12 42 0.0 (.0–8.4) 2.4 (.1–12.6) 42 0.0 (.0–8.4) 4.8 (.6–16.2)

Placebo (saline)
Day 0b 127 . . . 11.8 (6.8–18.7) 50 . . . 10.0 (3.3–21.8)

Day 21 127 1.6 (.2–5.6) 9.4 (5.0–15.9) 50 4.0 (.5–13.7) 16.0 (7.2–29.1)

Day 42 120 4.2 (1.4–9.5) 10.0 (5.3–16.8) 48 0.0 (.0–7.4) 8.3 (2.3–20.0)
Month 6 116 0.9 (.0–4.7) 0.9 (.0–4.7) 47 0.0 (.0–7.5) 0.0 (.0–7.5)

Month 12 110 0.0 (.0–3.3) 0.9 (.0–5.0) 44 0.0 (.0–8.0) 2.3 (.1–12.0)

Abbreviations: CC-1.9 µgHA + AS03B, cell-culture-derived formulation with 1.9 µg of HA plus AS03B adjuvant; CC-3.75 µgHA + AS03A, cell-culture-derived
formulation with 3.75 µg of HA plus AS03A adjuvant; CC-15 µgPlainHA, cell-culture-derived formulation with 15 µg of HA without adjuvant; CI, confidence
interval; HA, hemagglutinin antigen; Q-3.75 µgHA + AS03A, egg-derived formulation with 3.75 µg of HA plus AS03A adjuvant; Q-15 µgPlainHA, egg-derived
formulation with 15 µg of HA without adjuvant; SCR, seroconversion rate; SPR, seroprotection rate.
a After receipt of the first dose of vaccine or placebo, unless otherwise indicated.
b Before receipt of the first dose of vaccine or placebo.
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recipients, compared with ≤8.5% who received 15 µgPlainHA
(Table 3). NAbs were detected until month 12 in 89.7% of
CC-3.75 µgHA + AS03A recipients, 78.7% of CC-1.9 µgHA +
AS03B recipients, and 84.1% of Q-3.75 µgHA + AS03A reci-

pients, compared with 56.4% who received CC-15 µgPlainHA
and 73.8% who received Q-15 µgPlainHA. By month 12, Nab
titers had reduced over time but remained higher than prevac-
cination levels (Supplementary Figure 2).

Table 3. Microneutralization Responses to Vaccine-Homologous A/Indonesia/5/2005 and Vaccine-Heterologous A/Vietnam/1194/2004
Strains After Vaccination—Per-Protocol Cohorts for Immunogenicity and Persistence

Group, Time Pointa

A/Indonesia/5/2005 A/Vietnam/1194/2004

No.
NAb Titer ≥1:28,

% (95% CI) No.
VRR,b %
(95% CI) No.

NAb Titer ≥1:28,
% (95% CI) No.

VRR,b %
(95% CI)

CC-3.75 µgHA+AS03A
Day 0c 47 17.0 (7.6–30.8) . . . . . . 48 33.3 (20.4–48.4) . . . . . .
Day 21 47 89.4 (76.9–96.5) 47 10.6 (3.5–23.1) 48 81.3 (67.4–91.1) 48 6.3 (1.3–17.2)

Day 42 46 100 (92.3–100) 45 88.9 (75.9–96.3) 46 97.8 (88.5–99.9) 46 23.9 (12.6–38.8)

Month 6 42 100 (91.6–100) 42 66.7 (50.5–80.4) 42 90.5 (77.4–97.3) 42 23.8 (12.1–39.5)
Month 12 39 100 (91.0–100) 39 61.5 (44.6–76.6) 39 89.7 (75.8–97.1) 39 23.1 (11.1–39.3)

CC-1.9 µgHA+AS03B
Day 0c 51 7.8 (2.2–18.9) . . . . . . 52 34.6 (22.0–49.1) . . . . . .
Day 21 51 86.3 (73.7–94.3) 51 7.8 (2.2–18.9) 52 80.8 (67.5–90.4) 52 3.8 (.5–13.2)

Day 42 49 100 (92.7–100) 49 95.9 (86.0–99.5) 50 100 (92.9–100) 50 40.0 (26.4–54.8)

Month 6 49 100 (92.7–100) 49 73.5 (58.9–85.1) 48 89.6 (77.3–96.5) 48 22.9 (12.0–37.3)
Month 12 48 89.6 (77.3–96.5) 48 52.1 (37.2–66.7) 47 78.7 (64.3–89.3) 47 25.5 (13.9–40.3)

CC-15 µgPlainHA

Day 0c 49 4.1 (.5–14.0) . . . . . . 48 31.3 (18.7–46.3) . . . . . .
Day 21 50 40.0 (26.4–54.8) 49 6.1 (1.3–16.9) 49 59.2 (44.2–73.0) 48 6.3 (1.3–17.2)

Day 42 48 87.5 (74.8–95.3) 48 8.3 (2.3–20.0) 47 68.1 (52.9–80.9) 47 6.4 (1.3–17.5)

Month 6 44 81.8 (67.3–91.8) 43 16.3 (6.8–30.7) 40 67.5 (50.9–81.4) 40 12.5 (4.2–26.8)
Month 12 43 55.8 (39.9–70.9) 42 11.9 (4.0–25.6) 39 56.4 (39.6–72.2) 39 12.8 (4.3–27.4)

Q-3.75 µgHA+AS03A
Day 0c 53 3.8 (.5–13.0) . . . . . . 51 25.5 (14.3–39.6) . . . . . .
Day 21 53 94.3 (84.3–98.8) 53 35.8 (23.1–50.2) 51 94.1 (83.8–98.8) 51 13.7 (5.7–26.3)

Day 42 52 100 (93.2–100) 52 96.2 (86.8–99.5) 50 100 (92.9–100) 50 24.0 (13.1–38.2)

Month 6 48 100 (92.6–100) 48 79.2 (65.0–89.5) 46 84.8 (71.1–93.7) 45 24.4 (12.9–39.5)
Month 12 46 97.8 (88.5–99.9) 46 58.7 (43.2–73.0) 44 84.1 (69.9–93.4) 43 14.0 (5.3–27.9)

Q-15 µgPlainHA

Day 0c 49 16.3 (7.3–29.7) . . . . . . 48 29.2 (17.0–44.1) . . . . . .
Day 21 49 55.1 (40.2–69.3) 49 8.2 (2.3–19.6) 49 73.5 (58.9–85.1) 48 8.3 (2.3–20.0)

Day 42 48 91.7 (80.0–97.7) 48 43.8 (29.5–58.8) 47 78.7 (64.3–89.3) 47 8.5 (2.4–20.4)

Month 6 45 84.4 (70.5–93.5) 45 20.0 (9.6–34.6) 45 73.3 (58.1–85.4) 45 15.6 (6.5–29.5)
Month 12 42 73.8 (58.0–86.1) 42 14.3 (5.4–28.5) 42 73.8 (58.0–86.1) 42 9.5 (2.7–22.6)

Placebo (saline)

Day 0c 50 16.0 (7.2–29.1) . . . . . . 48 33.3 (20.4–48.4) . . . . . .
Day 21 49 10.2 (3.4–22.2) 49 0.0 (.0–7.3) 49 40.8 (27.0–55.8) 48 0.0 (.0–7.4)

Day 42 47 10.6 (3.5–23.1) 47 0.0 (.0–7.5) 47 38.3 (24.5–53.6) 47 0.0 (.0–7.5)

Month 6 46 13.0 (4.9–26.3) 46 0.0 (.0–7.7) 46 56.5 (41.1–71.1) 46 4.3 (.5–14.8)
Month 12 43 14.0 (5.3–27.9) 43 0.0 (.0–8.2) 43 58.1 (42.1–73.0) 43 4.7 (.6–15.8)

Abbreviations: CC-1.9 µgHA + AS03B, cell-culture-derived formulation with 1.9 µg of HA plus AS03B adjuvant; CC-3.75 µgHA + AS03A, cell-culture-derived
formulation with 3.75 µg of HA plus AS03A adjuvant; CC-15 µgPlainHA, cell-culture-derived formulation with 15 µg of HA without adjuvant; CI, confidence
interval; HA, hemagglutinin antigen; NAb, neutralizing antibody; Q-3.75 µgHA + AS03A, egg-derived formulation with 3.75 µg of HA plus AS03A adjuvant; Q-15
µgPlainHA, egg-derived formulation with 15 µg of HA without adjuvant; VRR, vaccine response rate.
a After receipt of the first dose of vaccine or placebo, unless otherwise indicated.
b Defined as the percentage of vaccinees with a minimum 4-fold increase in NAb titer after vaccination.
c Before receipt of the first dose of vaccine or placebo.
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Reactogenicity and Safety
Pain was the most frequently reported solicited injection site
symptom after vaccination and was reported more frequently
in groups that received an AS03-adjuvanted vaccine (Figure 2).
Grade 3 injection site pain was reported by 6.9% of CC-3.75
µgHA + AS03A recipients, 7.5% of CC-1.9 µgHA + AS03B re-
cipients, 5.0% of Q-3.75 µgHA + AS03A recipients, and 0.8%
of placebo recipients and was not reported by participants in
groups that received plain HA antigen. Redness and swelling
were reported by ≤10.8% of participants in each group. No
grade 3 redness or swelling was reported during the study.

Fatigue, headache and muscle aches were the most frequently
reported solicited general symptoms in groups receiving an
AS03-adjuvanted vaccine (Figure 2), although reports of head-
ache were similar across treatment groups including placebo re-
cipients. Fever was reported by ≤4.0% of participants in any
treatment group.

Any (unsolicited) AEs within 21 days after any dose were re-
ported by 20.0%–33.6% of participants (Table 4). The most fre-
quently reported unsolicited AEs were upper respiratory tract
infection, cough, oropharyngeal pain, and back pain. Grade 3 un-
solicited AEs were reported by 2.3%–5.3% of participants. Only 2
subjects reported grade 3 AEs that were considered to be vaccine
related (cough and nasal congestion in the Q-3.75 µgHA +AS03A
group and pain in extremity in the placebo group).

Nine subjects reported SAEs during the entire study period
until month 12 (Table 4); none were considered to be vaccine
related. All but 2 participants (one with benign intracranial hy-
pertension and one with noncardiac chest pain) recovered. Dur-
ing the same period, MAEs were reported by 7.8%–21.3% of
participants, of which only ovarian cyst, back pain, procedural
pain, bronchitis, sinusitis, and ear infection were reported more
than once in any group. A radiculopathy secondary to cervical
nerve compression was reported by a female subject in the

Figure 2. Percentage of subjects reporting solicited injection site or general symptoms within 7 days of either vaccine dose—total vaccinated cohort.
Vertical lines indicate 95% confidence intervals. Grade 3 is defined as redness and swelling (diameter, >100 mm), a temperature of ≥39.0°C (any route),
and, for all other symptoms, as symptoms with sufficient severity to prevent normal activities (eg inability to attend work/school). CC-1.9 µgHA + AS03B,
cell-culture-derived formulation with 1.9 µg of HA plus AS03B adjuvant; CC-3.75 µgHA + AS03A, cell-culture-derived formulation with 3.75 µg of HA plus
AS03A adjuvant; CC-15 µgPlainHA, cell-culture-derived formulation with 15 µg of HA without adjuvant; HA, hemagglutinin antigen; Q-3.75 µgHA + AS03A,
egg-derived formulation with 3.75 µg of HA plus AS03A adjuvant; Q-15 µgPlainHA, egg-derived formulation with 15 µg of HA without adjuvant.
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CC-1.9 µgHA + AS03B group, with onset 141 days after dose
2. This event was not considered to be vaccine related and
resolved after surgery; it was classified by the sponsor as a
pIMD according to a predefined list of terms. No pregnancies
were reported during the study.

DISCUSSION

We investigated the immunogenicity and safety of AS03-
adjuvanted CC-H5N1 formulations in young healthy adults.
The adjuvant effect of AS03 for both CC-H5N1 formulations
was demonstrated, with HI immunogenicity in relation to the
unadjuvanted CC-15 µgPlainHA formulation exceeding CBER
guidance targets for adjuvant benefit of pandemic vaccines. The
low immunogenicity of unadjuvanted vaccine formulations is
consistent with other reports of unadjuvanted vaccines, where
up to 90 µg of HA is needed to elicit an immune response in
50%–75% of subjects [6, 19]. The capacity of AS03-adjuvanted
vaccines for antigen sparing has potentially important ramifica-
tions in the event of a pandemic, during which high numbers of
vaccines may be required for rapid deployment.

Both of AS03-adjuvanted CC-H5N1 formulations were im-
munogenic for the homologous and drift variant A/Vietnam/
1194/2004 strains in terms of HI and NAbs and met CBER cri-
teria for immunogenicity of pandemic vaccines for both strains.
The potential for cross-clade immunogenicity is fundamental to
priming a population in a prepandemic or early pandemic set-
ting, providing priming or protection until a pandemic strain-
matched vaccine becomes available [10, 20, 21].

The kinetic profile of HI antibodies after vaccination with the
AS03-adjuvanted CC-H5N1 formulations showed a peak in
titer 21 days after dose 2, which decreased over time until
month 12 but remained higher at month 12 than prior to vac-
cination. A similar profile was observed for NAbs, although the
month 12 plateau was higher than for HI titers: at least 89.7% of
participants in the CC-3.75 µgHA + AS03A group continued to
have detectable NAbs after 1 year. The higher persistence of
NAbs than HI antibodies at 6 and 12 months after vaccination
may reflect the greater sensitivity of the neutralization test than
the HI test to reveal affinity maturation of the antibody re-
sponse. The immunogenicity of the GSK’s EB66 CC-derived
AS03-adjuvanted vaccine appeared to be similar to the GSK’s
egg-derived AS03-adjuvanted vaccine (Q-3.75 µgHA + AS03A)
[7, 10, 22].Although the magnitude of the HI and NAb respons-
es tended to be lower in the group receiving half the HA dose
(CC-1.9 µgHA + AS03B) versus a full dose (CC-3.75 µgHA +
AS03A), immunogenicity regulatory acceptance criteria were
met. This dose could be appropriate for a young adult or a pe-
diatric population, pending further evaluation. Half an adult
dose of GSK’s egg-derived vaccine has shown acceptable immu-
nogenicity and antibody persistence to 12 months after vaccina-
tion in a pediatric population [23].Ta
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In this randomized trial, we observed lower prevaccination
HI antibody GMTs in groups who received plain antigen;
these groups were recruited in wave 1 and included fewer par-
ticipants than the study groups receiving adjuvanted vaccine or
placebo. Because prevaccination GMTs were low in all groups,
this observation is unlikely to impact on the study conclusions.

The reactogenicity profile of the CC-H5N1 formulations was
acceptable, with few grade 3 AEs reported within 7 days of vac-
cination and no related SAEs reported up to 12 months after
vaccination. The reactogenicity and safety profile of the adju-
vanted and unadjuvanted CC-H5N1 formulations resembled
that of the corresponding egg-derived vaccine formulations.

Cell lines investigated and licensed for use in the production of
influenza vaccines include the Per.C6 cell line (Crucell), Vero cells
(used by Baxter), and Madin-Darby canine kidney cells [24]. The
EB66 cell line derives from duck embryonic stem cells and
achieves high cell densities with rapid growth [25]. EB66 has
been investigated as a means of producing monoclonal antibodies
[26]. Here we confirm the feasibility of using the EB66 cell line for
the production of an inactivated influenza vaccine for humans.

Antigen-sparing properties of the AS03-adjuvanted CC-H5N1
candidate were demonstrated in a phase 1 study in adults: 21 days
after a 2-dose series, the AS03-adjuvanted CC-H5N1 candidate
with antigen doses as low as 1.9 µg of HA elicited homologous
and heterologous HI antibody responses that exceeded CBER
guidance targets for pandemic influenza vaccines. The study
demonstrated the feasibility of using the EB66 cell line to produce
an immunogenic, inactivated split virus influenza vaccine with an
acceptable safety profile. This vaccine candidate warrants further
investigation in larger trials in adults and children.
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