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recombinant A (H1N1) 2009 influenza VLP vaccine was evaluated in a two-stage, Phase 2, randomized,
double-blind, placebo-controlled study conducted in 4563 healthy adults, 18-64 years of age, during the
H1N1 2009 pandemic in Mexico. In Part A, 1013 subjects were randomized into four treatment groups
(5 pg, 15 pg, or 45 pg hemagglutinin [HA] VLP vaccine or placebo) and vaccinated 21 days apart, with sera

52’::0127(2 particle collected on Days 1, 14 and 36 for hemagglutination inhibition (HAI) testing. After review of safety and
VLP immunogenicity data from Part A, additional subjects were immunized with a single dose of 15 pg VLP
Influenza vaccine vaccine (N=2537) or placebo (N=1011) and assessed for safety in Part B. Results showed the HIN1 2009
Pandemic influenza VLP vaccine was safe and well-tolerated. Systemic solicited events were similar between placebo and VLP
HIN1 vaccinated groups with no vaccine-related serious adverse events. Dose response trends for solicited local
HAI adverse events were observed, with higher incidences of local pain, swelling, tenderness, and redness

reported in the higher VLP dose groups (15 g and 45 p.g) compared to the placebo and 5 pg VLP groups
following both vaccinations. Although the majority of local AEs were mild in severity, a dose trend in
events of moderate or greater severity was also noted for these solicited events. The VLP vaccine groups
demonstrated robust HAl immune responses after a single vaccination, with high rates of seroprotection
(>40 HAI titer) in 82-92% of all subjects and in 64-85% of subjects who were seronegative at the time
of immunization. HAI geometric mean titers (GMTs), geometric mean ratios (GMRs) and seroconversion
rates were also all statistically higher in the VLP groups compared to placebo for both post-baseline time
points. Based on these data, additional clinical trials are in development to evaluate influenza vaccine
candidate antigens manufactured using Spodoptera frugiperda (Sf9)/baculovirus-based VLP technology.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction lic health experts reviewed national and global responses to the
pandemic outbreak and concluded non-egg based, recombinant

The 2009-2010 H1N1 influenza pandemic provided a serious influenza vaccines should be pursued and developed further as
challenge to the global health and vaccine infrastructure. US pub- there were many shortfalls in embryonated egg-based influenza

vaccine manufacturing systems [1]. Recombinant, insect cell pro-
duced virus-like particle manufacturing is emerging as one such
technology with the potential to meet the challenges posed by an
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cle (VLP) vaccines. Influenza VLPs are made by co-expression of
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which assemble into enveloped particles that mimic the mor-
phology of influenza virus, but contain no genetic material and
are non-infectious [2]. The influenza HA, NA and M1 genes are
synthesized and cloned into baculovirus, which is then used to
infect Spodoptera frugiperda (Sf9) insect cells. The virus-encoded
proteins are expressed within the cells, assemble and bud off
as virus-like particles mimicking the virus structure expressing
the relevant epitopes in a particle empty of any viral genetic
material [3].

VLPs produced in SF9 insect cell-derived vaccines have been
used extensively in preclinical settings and have been shown
to induce functional, protective antibodies to seasonal and pan-
demic influenza and other pathogens. Recombinant influenza VLP
vaccines being developed by Novavax, Inc. (Rockville, MD) have
been shown to induce protection in ferrets immunized with sea-
sonal [2], avian HIN2 [4,5], highly pathogenic H5N1 [6], pandemic
1918 HIN1, and pandemic 2009 A/California/04/2009 (H1N1)[7,8]
influenza strains. Recombinant VLP/particle vaccines have been
shown to be protective against other viral pathogens such as
the Severe Acute Respiratory Syndrome Virus (SARS, [9]) and
Respiratory Syncytial Virus (RSV) [10]. Recombinant trivalent
influenza VLP vaccines genetically engineered with HA and NA
genes from influenza H1N1, H3N2, and B recommended strains
for the 2005-2006, 2008-2009, and 2009-2010 influenza seasons
have been well-tolerated and immunogenic in phase 2 clinical tri-
als. Licensed VLP vaccines such as the vaccine developed against the
human papilloma virus, produced by insect or other manufactur-
ing platforms, indicate that the VLP technology represents a proven
approach to immunization [11].

A novel influenza A (H1N1) triple-reassortant virus with swine,
human and avian genes was first identified in April 2009 as
the cause of human respiratory disease in Mexico. By June 11,
2009, there were almost 30,000 confirmed cases reported in 74
countries and the World Health Organization (WHO) declared an
influenza pandemic [12]. WHO and the United States (US) Cen-
ters for Disease Control and Prevention (CDC) recommended that
A/California/7/2009 (H1N1)-like virus be used as a monovalent vac-
cine during the 2009 pandemic as well as for the 2010-2011 flu
season [13]. Results reported at a WHO meeting in 2010 indicated
the pandemic influenza HIN1 2009 vaccines elicited potentially
protective antibody responses in a high proportion of older chil-
dren and adults within 2 weeks of administration of a single dose
of vaccine [14]. Efficacy studies of HIN1 2009 inactivated vaccines
have confirmed these vaccines are protective and that hemag-
glutination inhibition (HAI) seroprotection predicts prevention of
influenza infection and illness. For example, a study in China of over
95,000 children and adults immunized with a split-virion A(H1N1)
2009 vaccine was 87.3% effective in preventing confirmed influenza
infection in school-age children [15].

In spite of this success in the development of an immunogenic
and efficacious pandemic influenza vaccine, the first doses of HIN1
2009 vaccines were not available in the US until October 5, 2009, 5
months after the epidemic had reached the US and Mexico, where
the pandemic was first recognized in April 2009. Mexico did not
obtain a licensed vaccine to start its own vaccination program until
November 27, 2010, which was at the end of the second pan-
demic wave and after most of the 72,000 confirmed cases and 1300
deaths had occurred [16]. The August 2010 report by the US Pres-
ident’s Council of Advisors on Science and Technology reviewed
the US response and concluded that a vaccine made by recombi-
nant DNA technology using genetic sequences should be a priority
for development as the technology could potentially reduce the
time required to supply vaccine should another influenza pandemic
occur [1]. Thus, clinical evaluation of the safety and immunogenic-
ity of an insect cell-produced influenza VLP vaccine will be an
important step towards achieving this goal.

In this report, the safety and immunogenicity of a recombinant
VLP vaccine was assessed in adults 18-64 years old, in the midst of
the HIN1 2009 pandemic in Mexico. In the first stage of the trial,
safety and immunogenicity were evaluated in subjects immunized
on Days 1 and 22 with 5ug, 15 g, or 45 g HIN1 VLP vaccine
and compared to placebo. The second stage assessed safety only in
a larger number of subjects randomized to receive a single 15 pg
dose of the HIN1 VLP vaccine or placebo.

2. Materials and methods
2.1. Vaccine

Influenza A/California/04/2009 (H1N1) VLPs were produced
in Spodoptera frugiperda (Lepidoptera, Fall Armyworm) Sf9 cells
infected with recombinant insect baculovirus Autographa cali-
fornica Nuclear Polyhedrosis Virus (AcNPV) expressing HA, NA
and M1 genes. The HA and NA protein sequences were derived
from influenza A/California/04/2009 (H1N1), GenBank accession
number ACP41105.1 and ACP41107.1, respectively. The M1 pro-
tein sequence was from the avian influenza A/Indoneisa/05/2005
(H5N1), GenBank accession number ABI36004.1. The influenza
genes were codon optimized for expression in insect cells
and biochemically synthesized, inserted into a pFastBacl bac-
ulovirus transfer vector (Invitrogen, Calsbad, CA) and cloned into
Escherichia coli. HA, NA, and M1 genes were under transcriptional
control of the baculovirus AcCMNPV polyhedrin promoter at the 5
end and poly (A) sequence at the 3’ end. A recombinant baculovirus
containing the three influenza genes was generated using the Bac-
to-Bac baculovirus expression system (Invitrogen). Recombinant
bacmid DNA was purified and transfected into Sf9 insect cells, and
a single recombinant baculovirus that expressed HA, NA, and M1
was identified, plaque-purified, and then amplified for use in the
manufacture of the influenza A (H1N1) 2009 VLPs.

The ¢cGMP manufacture of recombinant influenza VLPs was
conducted in a 100L Wave Bioreactor (GE Healthcare) with Sf9
cells infected with the recombinant baculovirus. HIN1 VLPs were
harvested after 72h using pre-sterilized, disposable tangential
flow filtration (TFF) assemblies for clarification, concentration and
diafiltration. Concentrated VLPs were then separated from host
contaminants, baculoviruses, and nucleic acids using ion exchange
chromatography. After concentration by ultrafiltration and inacti-
vation of residual baculovirus with 0.2% beta propiolactone, final
purification was accomplished in the following steps: gel filtration
chromatography, sucrose gradient ultracentrifugation, diafiltration
in PBS, and 0.22 pm filtration. The sterile purified HIN1 2009 VLPs
were stored at 2-8°C and were considered stable when stored at
this temperature for at least 1 year.

The particle size of the purified VLP was measured by dynamic
light scattering (Malvern Instruments) and purity by scanning
densitometry of SDS-PAGE gels. HA content in purified VLPs was
measured using a single radial immunodiffusion (SRID) assay based
onreference standards from US Food and Drug Administration Cen-
ter for Biologics Evaluation and Research (CBER). Two separate lots
were manufactured as described above and used separately in Part
A and Part B of the study as described below.

The purified influenza A (H1N1) VLPs were pleomorphic, largely
spherical enveloped particles (as shown by dynamic light scat-
tering and transmission electron microscopy [8]), with a mean
particle diameter of 144.5nm and 39.3% HA, 8.6% NA, and 42.4%
M1 composition (as measured by scanning densitometry). An avian
influenza M1 was used in place of the native HIN1 M1 to increase
yields.

The (H1N1) 2009 Influenza VLP vaccine was formulated to con-
tain 5pg, 15 g and 45 g recombinant HA per 0.5mL dose as
measured using the SRID assay. The vaccine was in a neutral pH,
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Part A

Randomized: 1013 Subjects

Assigned Placebo:
253

Assigned 5pg VLP dose:

253

Assigned 15pg VLP dose:
253

Assigned 45png VLP dose:
254

Received Vaccination
Day 1: 253
Day 22: 237

Received Vaccination
Day 1: 251
Day 22: 232

Received Vaccination
Day 1: 255
Day 22: 243

Received Vaccination
Day 1: 254
Day 22: 237

Provided Blood Sample
Day 14: 237
Day 36: 229

Provided Blood Sample
Day 14: 234
Day 36: 222

Provided Blood Sample
Day 14: 243
Day 36: 230

Provided Blood Sample
Day 14: 239
Day 36: 231

Completed Study:
218

Completed Study:
209

Completed Study:
222

Completed Study:
224

Part B
Randomized: 3547 Subjects

Assigned Placebo: 1012

Received Vaccination: 1011

Completed Study: 946

Assigned 15png VLP dose: 2535

Received Vaccination: 2537

Completed Study: 2369

Fig. 1. Subject flow and disposition.

phosphate buffer formulation and filled into individual sterile vials
for injection.

2.2. Study design

This Phase 2, randomized, double-blind, placebo-controlled
study was designed to evaluate the safety, tolerability, and
immunogenicity of 3 dose levels (5ug, 15wg, and 45 wg HA) of
the 2009 pandemic A/California/04/2009 H1N1 influenza VLP vac-
cine as compared with a placebo, in healthy adults, aged 18-64
years. The study was conducted in two parts: Part A was designed
to evaluate the safety and immunogenicity of the HIN1 influenza
VLP vaccine over a dose range, and to select a dose for use in
an expanded safety evaluation in Part B. In Part A, 1013 sub-
jects were randomly assigned to one of four treatment groups,

in an approximately 1:1:1:1 ratio (5ng, 15 g, and 45 g VLP
vaccine or placebo groups), to receive two intramuscular (IM) injec-
tions with the study vaccine, 21 days apart (Fig. 1). After the first
511 subjects were enrolled, enrollment was halted until a safety
review by the Data and Safety Monitoring Board (DSMB) was con-
ducted. The DSMB was composed of international experts in the
fields of vaccinology, epidemiology, biostatistics and infectious dis-
eases, and provided independent safety oversight during study
conduct. As no significant safety concerns were identified dur-
ing this review, enrollment continued until all 1013 subjects were
enrolled into Part A. Based on an interim safety and immunogenic-
ity analysis, an additional 3547 (2537 active and 1011 placebo)
subjects were enrolled in Part B of the study and received a sin-
gle injection on Day 1 with the placebo or 15 wg VLP (second lot)
vaccine (Fig. 1).



C. Lopez-Macias et al. / Vaccine 29 (2011) 7826-7834 7829

Table 1
Demographic characteristics of subjects in Parts A and B.
Part A Part B
Characteristic Placebo 5 g dose 15 g dose 45 pg dose All VLP All Groups Placebo 15 g dose
(N=253) (N=251) (N=255) (N=254) (N=760) (N=1013) (N=1011) (N=2537)
Age years
Mean (SD) 34(13) 36(14) 35(13) 35(14) 35(14) 35(13) 35(12) 35(12)
Range 18-64 18-64 18-64 18-652 18-652 18-652 18, 64 18, 65°
Gender n (%)
Male 104 (41) 118 (47) 92 (36) 106 (42) 316 (42) 420 (42) 365 (36) 956 (38)
Female 149 (59) 133 (53) 163 (64) 148 (58) 444 (58) 593 (59) 646 (64) 1581 (62)

2 One subject in the 45 g HA group in Part A and two subjects in the 15 g HA group in Part B were >64 years old at the time of enrollment.

2.3. Subjects and study procedures

Subjects were enrolled at a single site in Mexico City, between
October 19, 2009 and March 5, 2010. Study approval was obtained
from the Mexico Ministry of Health through the Federal Commis-
sion for Protection Against Sanitary Risk (COFEPRIS) and by The
Mexican Social Security Institute (IMSS) through the National Com-
mission of Scientific Research composed by Scientific, Ethics and
Biosafety Committees in accordance with the International Confer-
ence on Harmonization (ICH) guidelines for Good Clinical Practices
(GCP) and with the Mexico Emergency Use Regulatory Require-
ments. Written informed consent was obtained from each subject
according to current GCP guidelines. The clinical research organi-
zation (CRO) ICON Clinical Research, monitored the study.

Eligible subjects were between 18 and 64 years of age, healthy,
with no acute disease on the day of vaccination (defined as mod-
erate or severe illness with or without fever >38°C), and no
immunization with any live vaccine within four weeks, or inac-
tivated vaccine within two weeks of receiving VLP vaccination.
Women of childbearing potential were required to have a negative
pregnancy test at the time of screening and before each vaccination.
All subjects provided signed Informed Consent prior to any study
procedures being performed.

2.4. Safety assessments

All subjects were observed for 30 min after vaccination for reac-
togenicity and safety evaluation. In addition, safety assessments
were performed at all in-clinic visits (i.e., on Days 14, 22, and 36
for Part A and on Day 22 for Part B) and telephone contact visits
(i.e., monthly after the Day 36 visit through 6 months following
the second vaccination [Day 202] for Part A; and on the Days 2/3
and 14 visits and monthly after the Day 22 visit through 6 months
following vaccination [Day 181]) for review of AEs, serious AEs
(SAEs), significant new medical conditions (SNMCs), and concomi-
tant medications. Also in Part A, subjects maintained a symptom
diary for seven days following each vaccination for daily recording
of solicited events (SEs). The SEs measured included: body tem-
perature, chills, muscle pain, joint pain, diarrhea, nausea, vomiting,
headache, fatigue, cough, difficulty breathing, difficulty swallow-
ing, hoarseness, chest tightness, sore throat, redness in eyes, and
facial swelling for systemic reactions; and local pain, bruising, ten-
derness, redness and swelling for injection site reactions.

All AEs were coded according to the MedDRA adverse event dic-
tionary (Version 12.1) [17] and graded for severity using a standard
scale. Vaccine-emergent AEs were defined as starting or worsening
after vaccine administration. Vaccine-related AEs were defined as
those AEs possibly related to study vaccine.

2.5. Immunogenicity assessments

Immunogenicity assessments were only conducted in Part A,
on sera collected at baseline (prior to immunization on Day 1),

Day 14 and Day 36 (14 days after second vaccination) for HAI and
microneutralization (MN) testing. The HAI assay was conducted on
all Part A samples by Focus Diagnostics, Inc. using a validated assay
with National Institute for Biological Standards and Control (NIBSC)
procured cell culture grown A/California/07/2009 (H1N1) virus. The
MN assay was conducted on samples derived from a subset of
subjects by Southern Research Institute using A/California/07/2009
(H1N1) virus from the CDC.

2.6. Statistical methods

All subjects in the study were assigned to treatment according
to a blinded randomization scheme generated by a statistician at
ICON Clinical Research. For Part A, subjects were allocated to one of
four treatment groupsina 1:1:1:1 ratio: 5 pg, 15 jog, or 45 g novel
A(H1N1) 2009 influenza VLP vaccine, or placebo. In Part B, subjects
were allocated in a 2:5 ratio (placebo:active) to receive placebo or
a 15 pg dose of the VLP vaccine, for a minimum inclusion of 3000
subjects overall (Parts A and B combined) in the HIN1 VLP vaccine
safety cohort. Part A had a power of >80% to achieve lower bound
criteria of 40% for seroconversion and 70% for seroprotection with
a sample size of 250 subjects per group. For the entire VLP safety
cohort of 3000 subjects minimum, and given an event rate of 0.33%,
the probability of observing one AE was >99.99%.

For immunogenicity analyses, geometric mean titers (GMT),
geometric mean ratio (GMR), and rates of seroconversion and
seroprotection, were measured and described for each of the ran-
domized treatment groups. An exploratory analysis to evaluate
HAI immune responses in subjects categorized as seronegative
(HAI titer < 1:10) and seropositive (HAI titer > 1:10) based on pre-
vaccination titers was also performed. GMTs with two-sided 95%
confidence intervals (CI) for HAI and MN were calculated at each
time point (Days 1, 14 and 36) using the back-transformed mean
of the logy transformed HAI or MN titer for all treatment groups.
The GMR, defined as the back-calculated mean difference (post-
vaccination-pre-vaccination) of logyg transformed HAI titers, was
calculated at Day 14 and Day 36 for all treatment groups along with
its two-sided 95% CI using a t-statistic.

Seroconversion rates at Days 14 and 36 and the percentage
of subjects who achieved an HAI (seroprotection) or MN titer of
>1:40 at Days 1, 14, and 36 with corresponding two-sided 95%
ClIs were calculated. Confidence intervals for the point estimates
were obtained using the Clopper-Pearson’s exact method. Sero-
conversion was defined as a pre-vaccination titer <1:10 and a
post-vaccination titer >1:40 or a pre-vaccination titer >1:10 and
a minimum of four-fold rise in post-vaccination HAI antibody titer.

For Parts A and B, analysis of all AEs experienced overall were
summarized for each treatment group by incidence of subjects
with one or more vaccine related AE, severe or life-threatening
AE, SAE, unsolicited AE, and SE. The two-sided p-value was based
on the Cochran-Armitage trend test in incidence with dose (as
applicable). SEs were summarized by treatment group, vaccination,
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Table 2
Overall summary of adverse events.
Part A Part B
Placebo 5 g dose 15 g dose 45 g dose All VLP Placebo 15 g dose
(N=253) (N=251) (N=255) (N=254) (N=760) (N=1011) (N=2537)
Serious AE 0(0.0) 4(1.6) 3(1.2) 4(1.6) 11(1.4) 15(1.5) 25(1.0)
p=0.139 p=0.204
Solicited AE 185(73.1) 177 (70.5) 205 (80.4) 203 (79.9) 585 (77.0) N/A N/A
p=0.012 N/A
Unsolicited AE 142 (56.1) 139 (55.4) 144 (56.5) 147 (57.9) 430 (56.6) 537(53.1) 1415 (55.8)
p=0.649 p=0.151
Vaccine related AE 46 (18.2) 50(19.9) 46 (18.0) 46 (18.1) 142 (18.7) 150 (14.8) 401 (15.8)
p=0.848 p=0.472
Severe or life-threatening AE 12 (4.7) 9(3.6) 16 (6.3) 7(2.8) 32(4.2) 13(1.3) 52(2.0)
p=0.567 p=0.126
Life-threatening AE 0(0.0) 1(0.4) 0(0.0) 0(0.0) 1(0.1) 1(0.1) 4(0.2)

A subject is counted only once per category using the event with the highest severity.

incidence and severity in Part A using the total vaccinated cohort;
the Cochran-Armitage trend test was used to evaluate differences
across groups. A subject was counted only once per adverse event
category; the event with the highest severity was used for subjects
that experienced multiple events.

3. Results
3.1. Study subjects

A total of 1013 subjects were enrolled in Part A and 3547 in
Part B at a single site in Mexico. Of the 1013 subjects random-
ized to treatment in Part A, 253 (100%) subjects were vaccinated
with placebo, and 251(99%), 255 (<100%), and 254 (100%) subjects
were vaccinated with the 5 g, 15 g, and 45 g influenza VLP vac-
cine (respectively) on Day 1. Two subjects randomized to receive
the 5 g VLP dose were administered the 15 g VLP dose in error;
these subjects received the same treatment dose for second vac-
cination and were analyzed according to the treatment received
(15 g VLP). The second treatment dose was administered on Day
22 to 237 (94%), 232 (92%), 243 (96%), and 237 (93%) subjects in
the placebo and the 5 pg, 15 g, and 45 p.g influenza VLP vaccine
groups, respectively. There were 873 (86%) subjects who completed
the study on Day 202. Of the 3547 subjects randomized to treat-
ment in Part B, 1011 subjects received placebo (this total includes
one subject who received two doses of placebo and is counted twice
and another subject who received a dose of placebo and VLP vac-
cine)and 2537 subjects received the influenza VLP vaccine at a dose
of 15 g HA protein on Day 1. There were 3315 (94%) subjects who
completed the study on Day 181 (Fig. 1).

The mean age of all subjects in Part A was 35.0 years, with 41.5%
and 58.5% of subjects being male and female, respectively. In part
B, the mean age of all subjects was 35.1 years, and 37.2% were male
and 62.8% were female. Greater than 99% of all subjects in both parts
were of Hispanic origin. Demographic characteristics of the VLP
vaccine groups and the placebo groups were generally comparable
and are provided in Table 1.

3.2. Safety

In Part A of the study, SEs (i.e., select injection site and systemic
reactions) were recorded by subjects in a symptom diary for a 7-
day period following each vaccination. As sufficient information
on the SEs experienced by the 1013 subjects was available dur-
ing Part A of the study, and it was assumed that the safety results
would be comparable in Part B, a symptom diary was not used in
Part B. Solicited events were reported by 185 (73.1%) subjects in
the placebo group and 177 (70.5%), 205 (80.4%), and 203 (79.9%)

subjects in the 5 g, 15 g, and 45 g VLP vaccine dosage groups,
respectively (Table 2). Results of the Cochran-Armitage trend test
suggested a dose-related increasing incidence in SEs (p=0.012) as
might be expected. This was primarily attributable to injection site
events of local pain, swelling, tenderness, and redness, which were
reported by more subjects in the higher VLP dose groups (15 g and
45 pg) compared to the placebo and 5 g VLP groups following both
vaccinations (Fig. 2a). Overall, the majority of local AEs were mild in
severity; however, moderate or greater local injection site reactions
of pain, tenderness, redness and swelling also showed a dose-trend
by the Cochran-Armitage test after both vaccinations (data not
shown). There were no differences between placebo and vaccine
recipients in systemic SE incidences (Fig. 2b); however a dose-trend
inincidence of moderate to severe intensity was observed for cough
(after vaccination one only) and muscle pain (after vaccination two
only) (data not shown). Like the injection site events, systemic SEs
overall were generally mild in severity.

The incidence of AEs other than SEs was comparable across
treatment groups, with 142 (56.1%) subjects in the placebo group
and 139 (55.4%), 144 (56.5%), and 147 (57.9%) subjects in the 5 p.g,
15 g and 45 g VLP dosage groups (respectively) experiencing
at least one AE through 202 days following the first vaccination
(Table 2). AEs considered to be related to vaccine were reported in
46 (18.2%) subjects in the placebo group and 50 (19.9%), 46 (18.0%),
and 46 (18.1%) subjects in the 5 g, 15 g and 45 wg VLP dosage
groups, respectively. Across all groups, the majority of the events
were of mild or moderate severity. A total of 31 (4.1%) VLP-treated
subjects and 12 (4.7%) placebo-treated subjects reported at least
one severe or life threatening AE (Table 2). For the VLP groups,
the majority were severe events associated with gastrointestinal
and nervous system disorders (incidence by system organ class
[SOC] was 1.1% for both disorders) and were unrelated to the study
vaccine. Eleven subjects experienced SAEs; none were considered
related to the vaccine.

The incidence of AEs in Part B of the study was consistent with
Part A and comparable between the VLP and placebo groups. A total
of 537 (53.1%) subjects in the placebo group and 1415 (55.8%) sub-
jects in VLP group experienced at least one AE. Vaccine-related AEs
were reported in 150 (14.8%) subjects in the placebo group and
401 (15.8%) subjects in the VLP group (Table 2). The majority of the
events in both treatment groups were of mild or moderate severity.
A total of 52 (2.0%) VLP-treated subjects and 13 (1.3%) placebo-
treated subjects reported at least one severe or life threatening
AE. These events were primarily severe in intensity (i.e., only six
were life-threatening), unrelated to the vaccine, and infrequently
reported by both VLP and placebo recipients across the SOCs.
Forty subjects experienced SAEs, none were considered related
to vaccine.
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Fig. 2. Solicited adverse events. A total of 1013 subjects were enrolled and vaccinated in Part A and solicited AEs were collected through the first 7 days following each
immunization. (A) Solicited local AE incidence after the first and second vaccinations. (B) Solicited systemic AE incidence after the first and second vaccinations. No significant
differences in local or systemic AEs were seen between placebo and 5 g, 15 g or 45 g at either the first or second immunization.

3.3. Immunogenicity

HAI responses were measured in 967 subjects (using the mod-
ified intent-to treat population [mITT] which included all subjects
who received a full or partial dose of the study treatment, had
pre- and post-vaccination immunogenicity data, and had proto-
col violations) enrolled in Part A of the study. Immunogenicity
analysis results in the per-protocol (which included all mITT sub-
jects with no protocol violations) and the mITT populations very
similar.

Baseline (Day 1) HAI titers were similar across all groups (HAI
GMT: 20-23). Over the course of the study where subjects were
potentially exposed to the HIN1 virus, a slight increase in HAI
GMTs in the placebo group was observed (HAI GMT of 20 at baseline
compared to 24 and 25, at Day 14 and Day 36), but these changes
were not statistically significant (95% Clresponses overlapped). HAI
responses in all VLP groups were significantly higher than placebo
at all post baseline time points. A dose-dependent rise in Day 14
HAI responses was evident in comparisons between the 5 pg and
15 g or 45 g VLP vaccine groups, but the increase in HAI GMT
between the 45 g VLP group and the 15 g VLP group was not sta-
tistically significant (Table 3). The second immunization showed no
effect on HAI titers in the 5 ug and 15 pg VLP vaccine groups and
resulted in only a slight increase in the 45 pg VLP group. Similarly,
the HAI GMR indicated a dose-response relationship, with a 4.0,
6.6, and 8.7 mean increase at Day 14 in the 5 g, 15 ng and 45 pg
vaccine groups (respectively), and no additional increase (relative

to the Day 14 result) at Day 36 (2 weeks after the second injection)
except in the 45 pg VLP group (HAI GMR: 10.0).

Seroconversion rates at Day 14 ranged from 6% in the placebo
group, to 48%, 65% and 75% (respectively) in the 5 g, 15 g and
45 g vaccine groups (Table 3). The percentage of subjects with an
HAI titer of >40 (seroprotection) ranged from 36% to 41% across all
groups at baseline and reached 82%, 91% and 92% respectively for
the 5 g, 15 pg and 45 g VLP vaccine groups at Day 14 (Table 3). No
added benefit was seen for either seroconversion or seroprotection
after a second dose.

As the trial was conducted after the second wave of the HIN1
pandemic, approximately 40% of the subjects had preexisting, mea-
surable immunity by HAI, a finding in concert with other HIN1
pandemic influenza vaccine trials [18]. Thus, an exploratory anal-
ysis was performed on subjects who had no measurable HAI
titers (i.e., HAI titer <1:10) at baseline (seronegative). Day 14 HAI
seroprotection and seroconversion rates, which were identical in
seronegative subjects, were 64%, 79% and 85% for the 5 g, 15 pg
and 45 pg vaccine dose groups, respectively. Unlike seropositive
subjects, seronegative subjects had a trend towards higher GMTs
at all dosage levels and following both vaccinations, suggesting that
the seronegative population as a whole was primed with the first
vaccine dose and boosted by the second (Table 3). The high rates
of seroconversion and seroprotection achieved in the seronega-
tive population after one injection further suggest that the VLP
vaccine was highly immunogenic. The microneutralization assay,
which demonstrated higher GMTs overall in the subset of sub-
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Table 3

Immune responses as measured by the hemagglutination inhibition assay (HAI).

45 pg dose (n=244)

=244)

15 g dose (N

=237)

5 ug dose (N

=242)

Placebo (N

Parameter

D36

D1 D14

D36

D1 D14 D36 D1 D14 D36 D1 D14

Population

GMT (95% CI)

209 (180-243)

174 (147-204)
85 (63-114)

20 (18-24)
5(5-5)

138 (119-160)
98 (77-126)
158 (131-189)

141 (121-164)
88 (66-116)

21(18-25)
5(5-5)

85 (73-99)
53 (40-72)

88 (75-103)
48 (34-68)

23 (19-26)
5(5-5)

25 (21-29)
12 (10-15)
33(27-39)

24 (20-28)
8(7-10)

20 (17-23)
5(5-5)

Total

120 (91-159)
264 (223-312)

Seronegative
Seropositive

235 (195-282)

37 (32-42)

98 (82-117) 37(32-43) 168 (142-200)

107 (90-127)

37 (32-42)

34(29-40)

32 (28-38)

Seroprotection (>1:40) (95% CI)

96 (93-98)
94 (86-98)

92 (87-95)
85 (74-92)
95 (90-98)

40 (34-46)
0(0-5)

3 (89-96)
92 (83-98)

91 (86-94)
79 (67-88)
95 (90-98)

39 (33-45)
0(0-5)

81 (75-86)

70 (56-82)
85 (78-90)

82 (76-86)

41 (35-48)
0(0-6)

40 (34-47) 43 (36-50)

13 (6-25)

36 (30-42)
0(0-6)

Total

64 (50-76)

15 (7-27)

Seronegative
Seropositive

97 (93-99)

56 (49-64)

3 (88-97)

54 (47-62)

49(42-57)  53(45-60)  55(47-62) 88 (82-92)

48 (41-56)

Seroconversion (95% CI)
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71 (63-78)
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NA

64 (58-71)

65 (59-71)
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NA
NA

48 (42-55)
59 (44-72)
45 (38-53)

48 (42-55)

6(3-10) 7 (4-11) NA
NA
NA

NA

Total

7 (76-94)
7 (69-83)

5(74-92)
6 (48-64)

79 (67-88)

64 (50-76)

7(2-16)

12 (5-23)
4(2-8)

NA
NA

Seronegative
Seropositive
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Fig.3. Reverse cumulative distribution of HAl responses by treatment group percent
of part A subjects with HAI responses on Day 14 following a single immunization
with placebo (@), or a 5 g (O), 15 g (2), or 45 pg (O) dose of the VLP vaccine.

jects evaluated, essentially confirmed HAI findings, although the
dose-response differences were not significant (Table 4).

A reverse cumulative distribution of HAI responses in part A
was performed to display the range of individual responses after
a single dose (Fig. 3). The dose-response relationship between the
VLP doses is evident, with the greatest differences seen between
the low (5 wg) and the two higher (15 g and 45 g) VLP doses.
Additionally, it is also clear that a significant number of subjects in
the placebo group had HAI antibodies.

4. Discussion

In the current clinical study, an insect cell-derived H1N1
(A/California/04/2009) pandemic influenza vaccine candidate
proved to be both immunogenic and well-tolerated in healthy
adults in the midst of the pandemic in Mexico. Comparable safety
and immunogenicity results in adults administered a single injec-
tion have been published for this strain with inactivated subvirion
vaccines [19,20]. The current study population had a relatively high
rate of preexisting immunity (HAI titer >40 rate: 36-41%) for a
novel pandemic strain. Baseline HIN1 pandemic strain seroprotec-
tionrates of 30-33% was reported in the Australian population [19].
Consistent with other studies, we found no measurable cross reac-
tivity with other pandemic strains in our study (data not shown)
suggesting strain specific immunity. As the sera sampling occurred
at the end of the second wave in Mexico, the data suggests that
this novel HIN1 pandemic strain exposure established a relatively
high rate of subjects with high HAI titers in the general population
in a short period of time. The strain specificity provided an oppor-
tunity to evaluate the VLP vaccine immunogenicity in a relatively
naive population. A sub-analysis was performed to evaluate the
immunogenicity of the vaccine in the seronegative population (no
measurable HAI titers to HIN1 at baseline), as an indicator of the
VLP vaccine’s immunogenicity. As shown in Table 3, responses in
this population were robust as indicated by a 79% seroprotection
rate achieved after a single 15 pg dose.

Extensive deployment of licensed vaccines during the 2009
H1N1 pandemic occurred and the immunogenicity results were
also robust [21-27]. The immunogenicity appeared to translate
into clinically significant levels of vaccine efficacy, especially in
the young. In a very large study, Chinese school children immu-
nized with a single 15 g dose of a monovalent split-virion vaccine
resulted in an estimated vaccine effectiveness of 87.3% (95% con-
fidence interval, 75.4-93.4) [20]. A large multicenter case-control
study, based on medical practice-based active surveillance for med-
ically attended culture-confirmed H1N1 pandemic influenza-like
illness (ILI) in multiple European countries, in all ages using multi-
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Immune response as measured by the microneutralization assay (MN).
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ple vaccines, estimated vaccine efficacy at 71.9% (95% C1 45.6-85.5)
[28]. Adjuvanted vaccines achieved up to 100% vaccine efficacy in
children [29], but were accompanied by high rates of fever and
local side effects. Additionally, in some studies the data indicated
that HAI titers correlated with protection [19,30].

The announcement of the pandemic in Mexico created a pub-
lic health crisis and initiated widespread efforts to manufacture
appropriate vaccine. The licensed egg-based vaccines were effec-
tive, but deficiencies in vaccine availability due to limitations of this
manufacturing technique hampered efforts to have a major impact
on the disease incidence [1]. Although the insect cell produced VLP
vaccine is in development, a manufactured lot of insect cell recom-
binant VLP influenza HIN1 vaccine was complete 12 weeks after
release of the relevant sequence by the CDC. The data presented in
this study indicate that the vaccine is highly immunogenic, even in
the seronegative population, and was well-tolerated in a large and
placebo-controlled study. The expectation by public health author-
ities that a transmissible, highly pathogenic pandemic virus will
emerge remains a threat, and delivery of effective and rapidly avail-
able vaccines continue to be an important development priority.
Results of this study suggests that the insect cell derived VLP should
be further developed as a candidate influenza vaccine [21]. In sup-
port of this objective, additional clinical trials are in development to
evaluate influenza vaccine candidate antigens manufactured using
Sf9/baculovirus VLP technology.
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