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When Canada chose a novel adjuvanted vaccine to combat the 2009 influenza pandemic, seasonal triva-
lent inactivated vaccine (TIV) was also available but compatibility of the two had not been assessed.
To compare responses after concurrent or sequential administration of these vaccines, adults 20-59
years old were randomly assigned (1:1) to receive ASO3-adjuvanted HIN1pdm09 vaccine (Arepanrix®,
GSK, Quebec City, Quebec), with TIV (Vaxigrip®, Sanofi Pasteur, Toronto) given concurrently or 21 days
later. Blood was obtained at baseline and 21 days after each vaccination to measure hemagglutination
inhibition (HAI) titers. Adverse effects were assessed using symptom diaries and personal interviews.
282 participants completed the study (concurrent vaccines 145, sequential vaccines 137). HAI titers to
H1N1pdmO09 were >40 at baseline in 15-18% of participants and following vaccination in 91-92%. Ini-
tially seropositive subjects (titer >10) had lower HIN1pdmO09 geometric mean HAI titers (GMT) after
concurrent than separate vaccinations (320.0 vs 476.5, p = 0.039) but both exceeded GM responses of ini-
tially naive participants, which were unaffected by concurrent TIV. Responses to TIV were not lower after
concurrent than separate vaccination. Adverse event rates were not increased by concurrent vaccinations
above those with HIN1pdmO9 vaccine alone. This adjuvanted HIN1pdm09 vaccine was immunogenic
and compatible with concurrently administered TIV.
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1. Introduction had not been assessed for compatibility with concurrent adminis-

tration. Our newly formed PHAC/CIHR Influenza Research Network

During the A/H1N1/2009 influenza pandemic [1], Canada used
a novel, locally produced ASO3-adjuvanted H1IN1pdmQ9 vaccine
(Arepanrix™, GSK Canada) [2]. This was manufactured equiva-
lently to an ASO3-adjuvanted HIN1pdmO09 vaccine (Pandemrix™,
GSK Belgium) [3,4] produced in Europe and widely used inter-
nationally. Studies of adults given either vaccine indicated that a
single dose of 3.75 g hemagglutinin was sufficiently immunogenic
[2,4,5]. The HIN1pdmO09 vaccines and trivalent inactivated sea-
sonal influenza vaccines (TIV) were both available in late 2009 but
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[6,7] undertook an assessment of the compatibility of the two
vaccines.

2. Methods (abbreviated)

The study methodology is fully described as Supplemental
information (online). In brief, this multicenter, randomized,
parallel-group trial compared immune responses and safety
observations after concurrent or sequential administration of
H1N1pdmO09 and TIV vaccines. Participants were generally healthy
adults 20-59 years of age, who provided informed consent at study
entry. Ethics approval was granted by each participating institution.
The ClinicalTrials.gov registration number was NCT01000584.

Participants were randomized centrally using a web-based
method with stratification by age and sex to either concurrent


dx.doi.org/10.1016/j.vaccine.2012.05.029
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:dscheifele@cw.bc.ca
mailto:dscheifele@cfri.ca
dx.doi.org/10.1016/j.vaccine.2012.05.029

D.W. Scheifele et al. / Vaccine 30 (2012) 4728-4732 4729

HIN1pdmO09 and TIV vaccinations in opposite arms or the
pandemic vaccine alone, followed 21-28 days later by TIV. Vac-
cines were both egg-derived, formalin-inactivated, detergent-split
preparations, with thimerosal preservative. Both were injected
in the deltoid muscle in 0.5mL doses. The pandemic vaccine
was a monovalent A/California/7/2009 (H1N1v-like) product that
was mixed just prior to use with ASO3® oil-in-water adjuvant
(Arepanrix®, GSK, Quebec City, Quebec) delivering 3.75 g hemag-
glutinin per dose. The TIV for 2009-2010 (Vaxigrip®, Sanofi Pasteur,
Toronto, Ontario) contained 15 ug of each WHO-recommended
strain per dose. Participants were asked to complete a daily symp-
tom diary for a week after vaccination(s) and to note any health care
utilization while enrolled. Observations were collected by inter-
views 7 and 21-28 days after each vaccination. Clotted blood sam-
ples were obtained at baseline and 21-28 days after vaccination(s).
Sera were tested at a national reference laboratory for hemagglu-
tination inhibiting (HAI) antibodies to each vaccine strain.
Serologic responses were assessed according to international
(EMEA/CHMP) criteria [8,9] for adults <60 years of age. These
include seroconversion rate >40%, seroprotection (titer >40) rate
>70% and fold-increase in geometric mean titer (GMT) from base-
line >2.5. Responses were assessed separately in subjects without
and with baseline antibody (titer >10) to HIN1pdmO09 virus
(referred to as naive and primed, respectively). Influences on
responses were examined by multivariable analysis. The safety
assessment [10] considered the daily and week-long cumulative
rates of solicited local and general adverse events, rates of severe
adverse events and rates of any vaccination-related health care
utilization. Vaccines were considered compatible if concurrent
administration did not significantly increase rates of adverse effects
or decrease rates of immune responses, compared to separately
administered vaccines. Intended enrollment was 150 subjects per

group.

Table 1

3. Results

Enrollment included 291 participants: 146 were randomly
assigned concurrent and 144 sequential vaccinations, with 40-88
participants enrolled per center. The two study groups were
well matched (Supplementary table). Protocol completion rates
exceeded 95%, with >99% of intended vaccinations given and
safety data obtained. Two blood samples had insufficient vol-
ume for testing (Supplementary figure). No safety observations
or HAI results required exclusion, enabling analysis per proto-
col.

3.1. Sero-responses to HIN1pdmO9 vaccine

As summarized in Table 1, seroprotection and seroconversion
rates did not differ after separate or concurrent vaccination but
those given TIV concurrently had lower post-vaccination GMT
(p=0.053) and fold-rise in GMT from baseline (p=0.003). About
one-third of subjects had detectable antibody (HAI titer >10) at
baseline, more often in those 20-39 than 40-59 years old (42% vs
28%, respectively, p=0.01). The proportion of primed subjects at
baseline did not differ significantly with health status, prior TIV
vaccination or sex (data not shown). Primed individuals boosted
strongly after vaccination, with GMTs 3-fold greater than in naive
subjects (Table 1). Age influenced responses of naive subjects, with
titers >40 achieved by 137 of 138 (99.3%) 20-39 year olds and 124
of 147 (84.4%) 40-59 year olds (p=0.009). In multivariable anal-
yses age accounted for almost all of the variability in responses
(data not shown). Giving TIV concurrently did not significantly
reduce responses to pandemic vaccine in naive subjects (Table 1)
but primed subjects boosted less strongly, achieving one half the
fold rise in GMT from baseline seen with concurrent vaccinations
(p=0.002).

HAI antibody titers to adjuvanted HIN1pdmO09 (H1N1) vaccine, measured before and 21-28 days after vaccination, in subjects given pandemic vaccine alone (H1N1 column)
or with TIV (HIN1 +TIV column), distinguishing between those with (primed) and without (naive) antibody to HIN1pdm09 prior to vaccination.

Parameter HIN1+TIV H1N1 alone p value
Baseline titer
>102 53/146 (36.3%) 48/144 (33.3%) 0.623
>40 27/146 (18.5%) 22/144 (15.3%) 0.532
GMT¢ 10.5 (8.7-12.8%) 9.1 (7.7-10.7) 0.247
Post-vaccination titer >40
All subjects 132/145 (91.0%) 129/140 (92.1%) 0.832
(85.2,95.1%) (86.4, 96.0°)
naive subjects 79/92 (85.9%) 83/93 (89.2%) 0.512
(77.0,92.3) (81.1,95.7)
Primed subjects 53/53 (100%) 4647 (97.9%) 0.470
(93.3,100) (88.7,99.9)
Post-vaccination GMT¢
All subjects 159.6 (132, 194°) 212.7 (171, 265P) 0.053
Naive subjects 106.9 (84, 135) 141.5(109, 183) 0.114
Primed subjects 320.0 (250, 410) 476.5 (355, 640) 0.039
GMT¢ fold rise from baseline
All subjects 15.1(12.3,18.4°) 23.4(19.0,28.7°) 0.003
Naive subjects 21.1(16.7,26.8) 27.5(21.2,35.6) 0.140
Primed subjects 8.4(6.2,11.4) 17.0(12.1,23.8) 0.002
Seroconversion rated
All subjects 133/145 (91.7%) 135/140 (96.4%) 0.132
(86.0,95.7") (91.9, 98.8")
Naive subjects 88/92 (95.7%) 91/93 (97.8%) 0.444
(89.2,98.8) (92.4,99.7)
Primed subjects 45/53 (84.9%) 44/47 (93.6%) 0.210
(72.4,93.3) (82.5,98.7)

Lower limit of detection.
95% confidence interval.
GMT, geometric mean titer.

a n oo

Seroconversion defined as a >4-fold increase in titer or conversion from negative baseline to titer >40.
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HAI antibody titers to seasonal influenza vaccine strains in subjects given concurrent adjuvanted pandemic vaccine (H1N1 +TIV column) or delayed TIV alone, measured

before and 21-28 days after TIV vaccination.

Parameter HIN1+TIV Delayed TIV p value
Baseline titer >40
A/H3N2 35/146 (24.0%) 43/144 (29.9%) 0.290
H1N1/Brisbane 55/146 (37.7%) 43/144 (29.9%) 0.173
B/Brisbane 45/146 (30.8%) 33/144 (22.9%) 0.146
Post-vaccination:
Titer >40 (seroprotection)
104/145 (71.7%) 96/137 (70.1%) 0.794
A[/H3N2
[H3 (63.7,78.9%) (61.7, 77.6%)
. 117/145 (80.7%) 97/137 (70.8%) 0.070
H1N1/Brisb.
[Brisbane (73.3,86.8) (62.4,78.3)
) 107/145 (73.8%) 80/137 (58.4%) 0.008
B/Brisb.
[Brisbane (65.8,80.7) (49.7,66.7)
Geometric mean titer (GMT)
A[/H3N2 57.9 (48.2,69.6%) 54.2 (44.8, 65.5%) 0.618
H1N1/Brisbane 84.3 (68.7,103.5) 54.3 (44.8, 65.8) 0.002
B/Brisbane 64.0 (51.9, 79.0) 445 (35.8, 55.3) 0.017
GMT fold rise from baseline
AJ/H3N2 3.83(3.1,4.7%) 3.32(2.7,4.1%) 0321
H1N1/Brisbane 432(3.4,5.5) 3.01(2.5,3.7) 0.021
B/Brisbane 3.6(2.9,4.4) 3.01(2.5,3.7) 0.210
Seroconversion®
57/145 (39.3%) 49/137 (35.8%) 0.623
ATH3N2 (31.3,47.8%) (27.8, 44.4%)
) 63/145 (43.4%) 47/137 (34.3%) 0.143
HIN1/B
[Brisbane (35.2,51.9) (26.4, 42.9)
. 63/145 (43.4%) 44/137 (32.1%) 0.065
B/Brisbane (35.2,51.9) (24.4, 40.6)

2 95% confidence interval.

b Seroconversion defined as a >4-fold rise in titer or conversion from a negative baseline to a titer >40.

3.2. Sero-responses to TIV strains

Responses to TIV components are summarized in Table 2. A
minority of subjects had titers >40 to the vaccine strains at base-
line. Responses after concurrent vaccination were not reduced by
any measure compared with delayed vaccination. Unexpectedly,
GMTs and seroprotection rates were higher after concurrent vacci-
nation than after separate, delayed vaccination for HIN1/Brisbane
and B strains.

3.3. Safety assessment following vaccinations

As Fig. 1A illustrates, injection site reactions were more com-
mon after HIN1pdm09 than TIV vaccine. Moderate/severe injection
site pain followed 38-39% of HIN1pdmO09 doses compared to 1-8%
of TIV doses but 90% of HIN1pdmO09 vaccinees were pain-free
within 4 days (data not shown). Redness, swelling and armpit
tenderness were more frequent after HIN1pdmO09 than TIV vac-
cine.

No fevers followed the vaccinations. Concurrent vaccination did
not significantly increase rates of general adverse events above
those seen with HIN1pdmO09 vaccine alone (Fig. 1B) but spe-
cific symptoms were about 3 times more frequent with pandemic
than TIV vaccine. However, severe symptoms were infrequent
during the week after HIN1pdmO09 vaccine administration: tired-
ness 4%, myalgia 3%, malaise 5%, headache 2%, arthralgia 1%.
Only 6% of subjects reported ongoing general symptoms 7 days
after HIN1pdmO9 vaccinations (data not shown). Four subjects
reported respiratory illness, two in each group, but only one
was influenza-like. Nine subjects reported other severe adverse
events during the study, 4 of which were considered possi-
bly, probably or very likely vaccine-related, including muscle
spasms (1), asthma exacerbation (1), headache (1) and halluci-
nation (1). Only two of these subjects sought medical attention.
No serious neurological, auto-immune or other adverse events
occurred.

4. Discussion

This study confirmed other reports [2,4,5,7,11] that a sin-
gle injection of a dose-sparing formulation of ASO3-adjuvanted
H1N1pdmO09 vaccine was immunogenic in adults <60 years old. The
EMEA/CHMP criteria [8,9] for evaluating influenza vaccines in this
age group were exceeded by this pandemic vaccine. Subjects 20-39
years old had a 12% higher seroprotection rate than subjects 40-59
years old (p=0.009) similar to the age effect reported by Roman
et al. [5] for ASO3-adjuvanted H1N1pdmO09 vaccine from Europe.

Our study is one of only a few [12-14] that assessed com-
patibility of concurrently administered pandemic and seasonal
influenza vaccines in 2009. We found that giving ASO3-adjuvanted
H1N1pdmO09 vaccine and split TIV vaccine to naive adults <60 years
of age was associated with maintained immune responses to both.
Subjects with pre-existing antibody to HIN1pdmO09 boosted less
well when TIV was given concurrently but all had titers >40 and
the actual GMT after vaccination was still 3-fold higher than in
naive subjects. In other studies, concurrent administration of an
MF59-adjuvanted HIN1pdmO09 and subunit TIV vaccine [12] or
alum-adjuvanted pandemic vaccine and a whole virion TIV [13] did
not reduce immunogenicity of the HIN1pdm09 vaccine. An unad-
juvanted, split HIN1pdmO09 vaccine produced in China [14] given
concurrently with TIV decreased by >50% the post-vaccination GMT
for the pandemic strain but seroprotection and seroconversion
rates were unaltered. These studies differed in methodology but
suggest that concurrent TIV administration did not impair protec-
tion from the adjuvanted pandemic vaccines.

We did not observe any reduction of responses to TIV compo-
nents as a result of co-administration with the pandemic vaccine. In
fact, we saw greater GMT responses to the A/H1N1/Brisbane and the
B/Brisbane strains with concurrent vaccinations. However, with-
out a control group given TIV alone or prior to pandemic vaccine
we cannot determine the validity of the observation. Enhancement
of TIV responses by co-administration of adjuvanted HIN1pdmO09
vaccine is not expected as ASO3 adjuvant reportedly exerts its
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Fig. 1. Panel A shows rates of injection site reactions during the week after vaccination with pandemic vaccine (given alone [n=143] or with concurrent TIV [n=146]) and
TIV (given alone [n=139] or with concurrent pandemic vaccine). Observed rates (% affected) are given above the bars, along with 95% confidence intervals. Panel B shows
rates of solicited general adverse events during the week after concurrent or separate vaccinations, formatted as above, with the same denominators.

effects only at the injection site and draining lymph nodes [3]. We
could not identify similar observations in other reports but only
one included comparison data for TIV responses when given alone
[14].

The adjuvanted pandemic vaccine caused substantially more
local and general symptoms than did TIV, consistent with other
reports [2,4,5,11,15]. Concurrent administration of TIV and pan-
demic vaccines did not increase symptom rates above those seen
with pandemic vaccine alone, in keeping with reports of other
influenza vaccine combinations [12,13].

Limitations of this study included the infeasibility during a
pandemic to include subjects given only TIV for comparison pur-
poses. Lack of observer blinding and participant blinding with
sequential vaccinations could have been sources of bias. More
subjects (especially those 20-39 years old) had antibody to the
pandemic virus at study entry than the ~20% anticipated and
found in other studies [2], reducing the power of the study to
detect small vaccine interactions. Seropositivity rates may have
been influenced by occupational exposure as many participants
were health care workers. The study was conducted during the sec-
ond wave of the 2009 pandemic so intercurrent HIN1 infections
might have added to post-immunization antibody levels. How-
ever, only one subject described having influenza-like illness while
enrolled in the study. Participants had a high rate (~70%) of prior
seasonal TIV vaccination so their responses may have been more
resistant to interference by concurrent vaccination than in a gen-
eral population. Serologic tests were performed at a government
reference laboratory so results may not be directly comparable
to tests performed by vaccine manufacturers. This is the likely
explanation for the suboptimal response rates observed with the
B/Brisbane strain in TIV, which met approval criteria in Europe and
Canada.

In summary, this ASO3-adjuvanted HIN1pdmO09 vaccine was
immunogenic in a dose-sparing formulation. It was also moder-
ately reactogenic, causing more local and systemic adverse effects
than seen with TIV. The HIN1 and TIV vaccines studied were com-
patible when given concurrently, with no net increase in systemic
adverse events or important reduction of the immune responses
observed.
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