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Having previously demonstrated the feasibility of administering A/H5N1 and seasonal influenza vaccine antigens in an MF59-
adjuvanted tetravalent formulation, we now report on long-term antibody persistence and responses to a booster dose of a com-
bined seasonal-pandemic, tetravalent influenza vaccine in adults. The primary objective was the evaluation of responses to a
booster dose of tetravalent influenza vaccine containing seasonal (A/H1N1, A/H3N2, and B) and avian (A/H5N1, clade 2) influ-
enza virus strains administered to 265 healthy 18- to 40-year-old volunteers 1 year after priming with one or two clade 1 A/H5N1
doses. Secondary objectives were assessment of reactogenicity, safety, and antibody persistence 1 year after priming with a com-
bined seasonal-pandemic, tetravalent vaccine. Responses to seasonal strains met all European licensure criteria; seroprotection
rates were 94 to 100%, 100%, and 61 to 90% for A/H1N1, A/H3N2, and B strains, respectively. Anamnestic responses were ob-
served against homologous and heterologous A/H5N1 strains whether priming with one or two A/H5N1 doses, with a monova-
lent A/H5N1 vaccine, or with a tetravalent vaccine. A single dose of MF59-adjuvanted A/H5N1 vaccine given alone or as part of a
fixed combination with a seasonal influenza vaccine was sufficient to prime adult subjects, resulting in robust antigen-specific
and cross-reactive antibody responses to heterologous booster immunization 1 year later. These data support the feasibility of
incorporating prepandemic priming into seasonal influenza vaccination programs. (This study has been registered at clinicaltri-
als.gov under registration no. NCT00481065.)

Mass immunization is widely acknowledged to currently be
the most effective method of minimizing the impact of pan-

demic influenza, being able to greatly reduce rates of infection,
morbidity, and mortality and minimize levels of associated socio-
economic disruption. However, the A/H1N1 influenza outbreak
of 2009 confirmed the shortcomings in the abilities of health au-
thorities and vaccine manufacturers to rapidly meet the global
demand for vaccine in the event of a pandemic. Prepandemic
vaccination, i.e., preemptive vaccination with potentially pan-
demic influenza strains, would provide a degree of preexisting
immunity against emerging pandemic strains, thereby reducing
rates of transmission and severity of infection during the earliest
stages of a pandemic (1).

The A/H5N1 (avian) influenza virus is recognized as having sig-
nificant pandemic potential (2). To date, 596 confirmed human cases
of avian influenza have been reported to the World Health Organi-
zation (WHO), with 350 (59%) of those cases resulting in death (3).
Because the exact viral clade responsible for a future pandemic cannot
be predicted accurately, prepandemic influenza vaccines must aim to
induce cross-reactive antibodies and thereby provide a degree of
cross-clade, heterologous immunity (4). The oil-in-water adjuvant,
MF59 (Novartis Vaccines and Diagnostics), has a well-established
safety profile (5, 6) and, in addition to heightening the antibody re-
sponse to vaccination and enhancing long-term antibody persis-
tence, has been shown to promote the production of broadly cross-
reactive antibodies (7–11).

Prepandemic immunization against A/H5N1 influenza could
be facilitated by the introduction of potentially pandemic in-
fluenza virus strains into seasonal influenza vaccines, which are
routinely administered to large numbers of people on an
annual basis (12). This clinical trial (registration no.

NCT00481065 [www.clinicaltrials.gov]) was conducted to as-
sess long-term antibody persistence after priming and homolo-
gous and cross-reactive antibody responses to a booster dose of
tetravalent vaccine containing pandemic A/H5N1 (clade 2) and
seasonal influenza virus strains, administered 1 year after priming
with either one or two doses of a prepandemic (clade 1) A/H5N1
vaccine of a different clade, alone or in a fixed combination with a
seasonal influenza vaccine (13).

MATERIALS AND METHODS
Study design and objectives. This randomized, open-label, phase II study
was conducted at the University of Cali in Colombia between May 2007
and November 2008 in two phases. The previously reported (13) first
study phase consisted of a primary vaccination with one or two doses of
A/H5N1 vaccine given either alone or concomitantly as separate injec-
tions or combined as an extemporaneous bedside mix with a seasonal
influenza vaccine. The objective of the second study phase (reported
here), conducted 1 year after priming, was to assess the anamnestic re-
sponse to a booster dose of a preformulated tetravalent vaccine containing
A/H5N1 (heterologous to the priming A/H5N1 strain) and seasonal
A/H1N1, A/H3N2 and B strain antigens in the same study population.
Long-term antibody persistence and long-term safety were also assessed.
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The second phase of the study was designed to answer two questions. First,
is there a difference in the anamnestic response to a 1-year booster dose of
tetravalent vaccine containing heterologous A/H5N1 and seasonal
A/H1N1, A/H3N2, and B strains if subjects have been primed with either
one or two doses of MF59-adjuvanted A/H5N1 vaccine (13)? Second, is
there a difference in the anamnestic response if subjects have been primed
with a standalone A/H5N1 vaccine or with a combination vaccine con-
sisting of A/H5N1 and seasonal influenza virus antigens?

Subjects. The study was approved by the local ethics committee of the
University of Cali and was conducted in accordance with local regulations
and the principles of the Declaration of Helsinki. The study was registered
with the National Institutes of Health(see above). Healthy adults who had
given their informed consent and participated in the first, priming phase
of the study were eligible for inclusion in the second, booster study phase.
Principal exclusion criteria included the following: vaccination with any
seasonal or pandemic influenza vaccine during the period between the
first and second study phases; administration of any investigational agent
within 4 weeks before booster vaccination; acute disease or infection re-
quiring systemic antibiotic or antiviral therapy within 7 days prior to
enrollment; and fever within 3 days prior to booster vaccination. Subjects
had been randomly assigned to one of eight vaccination groups during the
first phase of the study. For the analysis of booster responses against
A/H5N1 strains, the eight vaccination groups were pooled into two
groups according to whether subjects received one or two priming doses
of A/H5N1 vaccine (Table 1). Pooled group A consisted of groups 1, 4, 7,
and 8 (subjects who received one priming dose of A/H5N1 vaccine alone
or in combination with a seasonal vaccine). Pooled group B consisted of
groups 2, 3, 5, and 6 (subjects who received two priming doses of A/H5N1
vaccine).

Vaccines. All subjects received one booster dose of tetravalent vaccine,
comprised of A/H5N1 and seasonal influenza virus strains, approximately
1 year after priming (Table 1). One 0.5-ml dose of the MF59-adjuvanted
booster vaccine contained 7.5 �g of A/turkey/Turkey/1/2005 (H5N1,
clade 2) hemagglutinin surface antigen and 15 �g of antigen from each of
the 2007-2008 WHO reference strains for the Southern Hemisphere:
A/Solomon Islands/3/2006 (H1N1), A/Wisconsin/67/2005 (H3N2), and
B/Malaysia/2506/2004. The clade 2 A/H5N1 antigen in the booster vac-
cine was heterologous to the clade 1 A/H5N1 strain used for primary
immunization 1 year earlier. The tetravalent vaccine was given as a single
injection of 0.5 ml in the deltoid muscle of the nondominant arm. One
0.5-ml dose of the nonadjuvanted, seasonal influenza vaccine used during
the first study phase (13) contained 15 �g of antigen from each of the three
WHO reference strains for the 2006-2007 influenza season in the South-
ern Hemisphere: A/New Caledonia/20/99 (H1N1), A/Wisconsin/67/2005
(H3N2), and B/Malaysia/2506/2004. One 0.5-ml dose of the MF59-adju-
vanted, pandemic influenza vaccine used during the first study phase con-
tained 7.5 �g of A/Vietnam/1194/2004 (H5N1, clade 1) surface antigen.

Immunogenicity analysis. Blood samples (�20 ml per sample) were
obtained by venipuncture and centrifuged at 1,500 � g for 10 min; sera
were then stored at �18°C. Antibody titers against A/H5N1, A/H1N1,
A/H3N2, and B strains were measured by hemagglutination inhibition
(HI) assays; additionally, A/H5N1 antibody titers alone were assessed by
microneutralization (MN) and single radial hemolysis (SRH) assays, as
described previously (7). Homologous immunogenicity assays were per-
formed using the H5N1 booster vaccine strain A/turkey/Turkey/1/2005
(clade 2). Immunogenicity assays to assess cross-reactive antibody re-
sponses were performed using the heterologous H5N1 strain A/Vietnam/
1194/2004 (clade 1). HI assays against both the A/turkey/Turkey/1/2005
and A/Vietnam/1194/2004 H5N1 strains were performed using horse
erythrocytes; HI assays against all seasonal influenza virus strains were
performed using chicken erythrocytes. Laboratory staff was blinded to the
participants’ vaccination group. HI titer is expressed as the reciprocal of
the highest dilution at which hemagglutination was totally inhibited. For
MN assays, serial dilutions of serum started at 1:20; the reciprocals of
2-fold dilutions that achieved �50% neutralization of viral growth were
considered a positive result. Seroconversion, as assessed by HI assay, is
defined as a negative prevaccination antibody titer of �10 to a positive
postvaccination titer of �40; as measured by MN assay, a titer of �20 to
�40; by SRH, an area of �4 mm2 to �25 mm2. A significant increase in
the antibody titer, as assessed by HI and MN assays, is defined as a �4-fold
increase; by SRH, a �50% increase in area. HI and MN titers below the
detection limits of 1:10 and 1:20, respectively, were arbitrarily assigned to
half that limit for the purpose of analysis. All SRH areas below the lower
limit of detection were set to 4 mm2 for analysis.

Safety analysis. Reactogenicity and safety data were collected for all
subjects who received vaccine. Subjects were observed for a minimum of
30 min after each vaccination to monitor for immediate adverse reactions.
All vaccinees were provided with diary cards and asked to record any
solicited local or systemic reactions occurring within 7 days of vaccina-
tion. Solicited local reactions included ecchymosis, erythema, induration,
swelling, and pain at the site of injection. Solicited systemic reactions
included chills, malaise, myalgia, arthralgia, headache, sweating, nausea,
fatigue, and fever. Unsolicited adverse events (AEs) were recorded for 21
days after each booster vaccination. All serious adverse events (SAEs), AEs
requiring the attention of a physician, and AEs leading to withdrawal from
the study were recorded for 6 months after booster vaccination. The in-
vestigator used a standard scale to grade AEs, in which symptoms were
defined as mild, moderate, or severe if they resulted in no limitation of,
some limitation of, or an inability to perform normal daily activities,
respectively.

Statistical analysis. Sample sizes were estimated to provide sufficient
power to examine the primary study objective. No formal statistical hy-
potheses associated with the immunogenicity objectives of this study were
tested. Immunogenicity endpoints were based on licensure criteria estab-
lished by the European Union Committee for Medicinal Products for
Human Use (CHMP). The following adult CHMP licensure criteria ap-
plied: the number of subjects achieving seroconversion or significantly
increased antibody titers should be �40%; GMR should be �2.5; and for
seroprotection, the proportion of subjects achieving an HI titer of �1:40
or an SRH titer of �25 mm2 should be �70%. For each of the eight
vaccination groups, geometric mean titers (GMTs), geometric mean ra-
tios (GMRs), geometric mean areas (GMAs), and their associated two-
sided 95% confidence intervals (CIs) were determined using analysis of
variance (ANOVA) with one factor for vaccine group and one factor for
subsite as a covariable. Percentages of subjects achieving seroconversion
or a significant increase in HI or MN titers and SRH area and the associ-
ated two-sided 95% CIs were calculated using the Clopper-Pearson
method. For the two pooled analysis groups (A and B), GMTs, GMRs,
GMAs, and seroprotection rates were calculated and two-sided 95% CIs
were determined using the Clopper-Pearson method. Statistical analyses
were performed using the SAS 9.1 software program. Immunogenicity
analyses were based on full analysis set (FAS) data. Safety data were eval-

TABLE 1 Vaccination groupsa

Group

Vaccine dosing

Pooled
group

Day 1 A/H5N1
(clade 1)

Day 22 A/H5N1
(clade 1)

Day 382 A/H5N1
(clade 2)

1 Concomitant No vaccine Tetravalent A
2 Concomitant Tetravalent Tetravalent B
3 Concomitant A/H5N1 Tetravalent B
4 Tetravalent No vaccine Tetravalent A
5 Tetravalent Tetravalent Tetravalent B
6 Tetravalent A/H5N1 Tetravalent B
7 A/H5N1 Seasonal Tetravalent A
8 Seasonal A/H5N1 Tetravalent A
a “Concomitant” describes simultaneous but separate injections of A/H5N1 and
seasonal influenza vaccines. “Tetravalent” describes the bedside mixing of A/H5N1 and
seasonal influenza vaccines or the preformulated tetravalent vaccine.
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uated descriptively and expressed as the percentage or number of subjects
experiencing AEs within a group.

RESULTS
Study population. Of the 405 subjects that participated in the
priming phase of the study, 265 subjects (65%) proceeded to the
booster study phase. All 265 subjects received a single booster
vaccine dose on day 382. Of the 140 subjects that did not proceed
to the booster phase, 85 subjects no longer wished to participate in
the study, 26 subjects were lost to follow-up, 9 subjects experi-
enced AEs, and there were 18 cases of protocol deviation. Three of
the nine AEs were classed as serious (fatal bronchial aspiration,
non-Hodgkin lymphoma, and ependymoma). The remaining six
AEs were not serious and were reactions common to vaccination
(i.e., pain at the site of injection, malaise, headache, myalgia, ar-
thralgia, and mild fever). No AEs were considered to be related to
vaccination. The demographic data for the pooled study popula-
tions are shown in Table 2. The mean ages of subjects in each
pooled group were similar, ranging between 29.8 and 30.1 years.
There were approximately twice as many women than men in each
pooled analysis group.

Immunogenicity analysis. For seasonal vaccine strains, HI
data for the seasonal strains are shown in Table 3 (percentages of
subjects with HI titer of �40) and Table 4 (GMTs). For all eight
study groups, seroprotection rates 3 weeks after tetravalent vacci-
nation (day 403) were between 94 and 100% for A/H1N1, 100%
for A/H3N2, and 61 to 90% for the B strain. Seroconversion rates
and mean increases showed similar results (data not shown);
CHMP licensure criteria were met in all eight priming groups.

For the A/H5N1/turkey/Turkey/1/2005 (homologous) strain,
at 12 months after priming (day 382), GMTs had declined to pre-
priming levels independent of whether the subjects had received
one or two priming doses of A/H5N1 vaccine or whether the pan-
demic vaccine was given alone, concomitantly, or combined with
the seasonal vaccine (Fig. 1). Following a single booster dose of
tetravalent vaccine containing A/H5N1 (clade 2), A/H1N1,
A/H3N2, and B strains, GMTs (HI) against the vaccine strain in-
creased from undetectable titers to a maximum of 112 in both the
one- or two-dose primed groups (Fig. 1), resulting in a 76% sero-
protection rate in both groups (Fig. 2). Again, independent of the
priming schedule, both groups responded in similar strengths and
speeds to the booster dose. SRH results confirmed these findings
(data not shown).

For the A/H5N1/Vietnam/1194/2004 (heterologous) strain,
GMTs (HI) against the Vietnam A/H5N1 strain (clade 1) also

TABLE 2 Demographics of pooled study populations A and B

Characteristic

Value for pooled group (na)b:

A (137) B (129)

Age (yr) (�SD) 30.1 � 6.3 29.8 � 6.0
Male (%) 37 36
Height (cm) (�SD) 164.5 � 8.0 163.9 � 9.0
Weight (kg) (�SD) 64.5 � 11.3 64.6 � 12.6
Hispanic (%) 94 92
Black (%) 6 8
a n, no. of subjects.
b Pooled group A, groups 1, 4, 7, and 8 (subjects receiving one priming dose of A/H5N1
vaccine); pooled group B, groups 2, 3, 5, and 6 (subjects receiving two priming doses of
A/H5N1 vaccine).
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increased from undetectable titers prebooster to GMTs of 136 in
group A and 132 in group B 3 weeks after the booster dose (Fig. 1).
Seroprotection rates were 70% in group A and 72% in group B
(Fig. 2). A degree of long-term antibody persistence was demon-
strated by MN assay on day 382 (Fig. 3). Booster vaccination re-
sulted in a 22-fold GMT (MN) increase (16 to 351) in group A
subjects between days 382 and 403 and a 19-fold increase (20 to
387) in group B subjects (Fig. 3). High antibody titers were ob-
served as soon as 7 days after booster administration (day 389);
peak GMTs were detected on day 403, 3 weeks after booster ad-
ministration. Antibody (MN) titers of �1:80 were achieved by
85% and 91% of group A and group B subjects, respectively
(Fig. 3). HI and MN results were confirmed by SRH assay (data
not shown).

Safety analysis. In the 1-year period between primary and
booster vaccinations, 13 subjects reported SAEs, none of which
were considered to be related to vaccination. Nine subjects expe-
rienced SAEs leading to withdrawal: two cases of trauma due to car
and motorbike accidents, one case of ependymoma, one case of
non-Hodgkin lymphoma, one case of periorbital cellulitis, one
case of pneumonia, one case of gastrointestinal infection, one case
of adenomyomatosis, and one case of appendicitis. One subject
died due to bronchial aspiration and left ventricular dilatation
compatible with myocardial infarction (occurring 102 days after
vaccination), and three subjects experienced spontaneous abor-
tion. Importantly, no cases of autoimmune disease or narcolepsy
occurred during the 12-month period after primary vaccination.
After the booster vaccination, 68% of subjects reported local re-
actions, including erythema, induration, and pain at the site of
injection; systemic reactions, including fever, headache, fatigue,
malaise, myalgia, and arthralgia, occurred in 49% of subjects. The
vast majority of reactions were transient and mild, with only 2%
classified as severe. The use of analgesic and antipyretic medica-
tion was required by 12% of subjects. No SAEs or vaccine-related
AEs occurred during the 6-month follow-up period after booster
administration.

DISCUSSION

The A/H1N1 influenza pandemic of 2009 confirmed several
concerns regarding the provision of adequate vaccination cov-
erage in the event of any future pandemic. Pandemic prepared-
ness strategies must ensure the widest possible population cov-
erage in the fastest possible time. However, the logistics and
general practicalities of manufacturing and administering such
massive quantities of vaccine across the globe remain a signif-
icant hurdle to achieving adequate levels of coverage in the very
short time frame required. The logistical problems of mass
pandemic immunization could be reduced by simply incorpo-
rating potentially pandemic influenza virus strains into sea-
sonal influenza vaccines, which are routinely received by many
people on an annual basis, providing that such a combination
is well tolerated and does not result in a diminished response to
any of the individual component strains (12, 13).

The levels of long-term antibody persistence observed in the
present study were low, independent of whether subjects were
primed with one or two doses and independent of whether those
doses were given as a monovalent vaccine or combined with a
seasonal influenza vaccine. Rapid and profound cross-reactive an-
amnestic responses were observed in response to 1-year heterolo-
gous A/H5N1 booster vaccination (tetravalent formulation), re-T
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gardless of whether individuals were primed with one or two doses
of monovalent or combined vaccine. The data presented in this
report demonstrate that priming subjects with a combined
A/H5N1-seasonal influenza vaccine is a feasible prepandemic
priming concept and furthermore that one-dose priming is as
good as two-dose priming. The height and kinetics of antibody
responses to A/H5N1 were not affected by combining A/H5N1
with seasonal antigens and were independent of one or two dose
priming schedules. Likewise, responses to seasonal vaccine strains
were not impaired by either of the priming vaccines or the tetrava-
lent booster vaccine. Larger phase III studies with subjects of all
ages are required to support and extend the findings of this trial.
Analysis of booster responses following a 2- or 3-year interval
between primary and booster immunizations may also be benefi-
cial. This study series has two shortcomings: first, the trial did not
include a comparator vaccination group who only received sea-
sonal vaccine, because the focus of this study was on A/H5N1
responses. Second, the volume of the tetravalent combination vac-
cine injected per dose in the first part of the study was 1.0 ml,
rather than the usual 0.5 ml per dose. Further investigation is
required to assess how immunogenicity and safety profiles in non-

Hispanic, pediatric, and elderly populations compare to those re-
ported in this article.

The present study is the first clinical trial conducted to eval-
uate immunogenicity and safety profiles in response to a com-
bined formulation of trivalent seasonal and MF59-adjuvanted
A/H5N1 vaccines (13). The magnitude of antibody responses
to MF59-adjuvanted A/H5N1 vaccine observed during this
study are consistent with that of previously published data (7)
and compare favorably with findings for other adjuvanted
A/H5N1 vaccines (14, 15). The frequency and nature of adverse
events occurring during this trial are in keeping with the well-
established safety profile of MF59-adjuvanted influenza vac-
cines (5, 6, 16). No vaccine-related serious adverse events oc-
curred during the 1-year observational period between primary
and booster immunizations.

The findings of this study provide strong evidence that the
MF59-adjuvanted A/H5N1 vaccine can be administered safely
in combination with trivalent seasonal influenza vaccine with-
out impairing the antibody response to any of the component
seasonal or A/H5N1 strains. A single priming dose of MF59-
adjuvanted A/H5N1 or of the tetravalent vaccine was demon-

FIG 1 Hemagglutination inhibition assay. GMTs (95% CI) for pooled vaccination groups A (n � 202) and B (n � 203) against the homologous A/H5N1 vaccine
strain, turkey/Turkey/01/2005, and the heterologous A/H5N1 strain, Vietnam/1194/2004, 1 year after primary immunization (day 382) and 3 weeks (day 403)
after booster vaccination.

FIG 2 Hemagglutination inhibition assay. Percentages (95% CI) of subjects in pooled vaccination groups A (n � 202) and B (n � 203) with seroprotective
antibody titers (�40) against the homologous A/H5N1 vaccine strain, turkey/Turkey/01/2005, and the heterologous A/H5N1 strain, Vietnam/1194/2004, 1 year
after primary immunization (day 382) and 3 weeks (day 403) after booster vaccination.
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strated to be highly immunogenic and adequate to prime for
robust homologous and heterologous booster responses 1 year
later. These data support the feasibility of prepandemic immu-
nization against A/H5N1 influenza by incorporating poten-
tially pandemic strains into annual seasonal influenza vaccina-
tion programs.
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