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Background: Influenza remains a significant problem in elderly despite widespread vaccination coverage.
This randomized, phase-I study in elderly compared different strategies of improving vaccine immuno-
genicity.
Methods: A total of 370 healthy participants (P65 years) were randomized equally 1:1:1:1:1:1 to six
influenza vaccine treatments (approximately 60–63 participants per treatment arm) at day 1 that con-
sisted of three investigational virosomal vaccine formulations at doses of 7.5, 15, and 45 lg HA anti-
gen/strain administered intradermally (ID) by MicronJet600TM microneedle device (NanoPass
Technologies) or intramuscularly (IM), and three comparator registered seasonal vaccines; Inflexal VTM

(Janssen) and MF59 adjuvanted FluadTM (Novartis) administered IM and IntanzaTM (Sanofi Pasteur) admin-
istered ID via SoluviaTM prefilled microinjection system (BD). Serological evaluations were performed at
days 22 and 90 and safety followed-up for 6 months.
Results: Intradermal delivery of virosomal vaccine using MicronJet600TM resulted in significantly higher
immunogenicity than the equivalent dose of virosomal Inflexal VTM administered intramuscularly across
most of the parameters and strains, as well as in some of the readouts and strains as compared with the
45 lg dose of virosomal vaccine formulation. Of 370 participants, 300 (81.1%) reported P1 adverse event
(AE); more participants reported solicited local AEs (72.2%) than solicited systemic AEs (12.2%).
Conclusions: Intradermal delivery significantly improved influenza vaccine immunogenicity compared
with intramuscular delivery. Triple dose (45 lg) virosomal vaccine did not demonstrate any benefit on
vaccine’s immunogenicity over 15 lg commercial presentation. All treatments were generally safe and
well-tolerated.
� 2016 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Influenza results in about 3–5 million cases of severe illness and
250,000–500,000 deaths every year, globally [1]. Over 90% of these
deaths and �50% of hospitalizations occur among individuals’
P65 years of age [2,3]. Regardless of the progressive increase in
influenza vaccine coverage, the rates of hospitalization and deaths
due to seasonal influenza in elderly individuals have continued to
increase substantially in the past decades [4–6]. The elderly
patients present a particular immunization challenge for influenza
due to the unfortunate combination of reduced immunity
(immunosenescence) and an increased vulnerability to morbidity
and mortality [7,8].

Various strategies have been developed to improve the
immunogenicity of influenza vaccine in this population, which
includes adjuvantation, increasing antigen dose, and more
recently, delivering the vaccines intradermally [6,9–16]. Modern
adjuvant and carrier systems (e.g., virosomes) can increase the
immunogenicity without compromising vaccine safety and tolera-
bility, especially in populations with immunosenescence [17].
Intradermal (ID) administration of vaccines has demonstrated
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improved immunogenicity compared with intramuscular (IM)
route of administration in older adults [14,18]. Attempts to
increase immunogenicity by increasing the antigen content
demonstrated superior relative efficacy over standard dose
[6,14,19,20].

Vaccination of the elderly presents a number of challenges
including suboptimal immunogenicity and hence decreased vac-
cine efficacy [21]. There is an unmet medical need to evaluate
whether the immune response after vaccination can be further
improved through alternative vaccine delivery such as intradermal
delivery, a higher intramuscular dose administration or through
the use of adjuvants [22]. Moreover, to counteract the known phe-
nomenon of immunosenescence in elderly, commonly used
approach is to use a high IM dose or intradermal administration
of a standard or lower vaccine dose [23]. In addition, the device
used for intradermal administration may have an influence on
the antigen delivery to the intradermal layer of the skin, and con-
sequently the level of the immune response and should be taken
into consideration.

The aim of this exploratory study was to perform immuno-
genicity and safety assessments of different administration routes
and doses of influenza vaccine, across investigational virosomal
vaccine formulations and registered vaccine comparators. We used
the European Committee for Medicinal Products for Human Use
(CHMP/EMA) criteria for re-licensure of influenza vaccine as a basis
of analysis and comparison. This study was not designed to make
statistical comparisons of equivalency or non-inferiority across
different vaccines, rather, sample size was planned to meet the
minimal requirements of influenza vaccine re-licensure (e.g. 50
per treatment arm). Several pairwise comparisons of immune
responses of vaccines delivered ID versus IM, standard versus high
dose formulation, and investigational (e.g. adjuvanted) versus
comparator (same dose, IM) were statistically evaluated.
2. Materials and methods

2.1. Study population

Medically stable, healthy participants (P65 years) who were
vaccinated against influenza in season 2011–2012 were enrolled
in the study. Exclusion criteria included previous vaccination with
an influenza vaccine for season 2012–2013, previous history of a
serious adverse events [SAE] or allergic reaction to influenza vac-
cine, acute exacerbation of bronchopulmonary infection or other
acute disease, acute febrile illness (temperature P38 �C), and par-
ticipation in another clinical trial.
Table 1
Study influenza vaccines, type, route of administration, dose and volume.

Vaccine identification Vaccine type/brand

Investigational
Inflexal-ID-MJ-7.5vir Surface purified antigen, inactivated virosomea

Inflexal-ID-MJ-15vir Surface purified antigen, inactivated, virosomea

Inflexal-IM-NS-45vir Surface purified antigen, inactivated, virosomea

Comparators
Inflexal-IM-NS-15vir Inflexal VTM surface purified antigen, inactivated, virosom
Fluad-IM-NS-15adj FluadTM adjuvanted, surface antigen, inactivated
Intanza-ID-SO-15 IntanzaTM split-viron, inactivated

Notes: study vaccines were identified by a naming convention: name-route of administ
ID = intradermal, IM-intramuscular, MJ, MJ600 = MicronJet600TM microneedle (NanoPass
vir = virosomal, adj = adjuvant, HA = Hemagglutinin.
Inflexal VTM (Crucell Switzerland) is seasonal Virosomal Influenza Vaccine (surface antige
FluadTM (Novartis Vaccines and Diagnostics SRL, Italy) adjuvanted with MF-59TM (oil-in
raminidase) influenza vaccine.
IntanzaTM (Sanofi Pasteur, Lyon, France) is an inactivated, split-virion influenza vaccine.

a The purified antigens from inactivated influenza viruses (mainly HA antigens) are p
2.2. Study design

This randomized, open-label, phase I study was conducted in 6
centers in Belgium and Germany between November 2012 and July
2013. Elderly participants received influenza vaccine with strain
composition for season 2012–2013 either via IM or ID administra-
tion at baseline (day 1). Serological evaluations were performed at
days 22 (within ±3 days) and 90 (±5 days), and safety was
followed-up for 6 months (±7 days).

In total, 370 Participants were stratified by gender and study
site and randomized approximately equally 1:1:1:1:1:1 by a
web-based procedure to 1 of 6 vaccinations that consisted of three
investigational virosomal influenza vaccine formulations and three
comparator registered seasonal vaccines. Enrolled number of par-
ticipants in each of the 6 treatment arms ranged from 60 to 63
(Table 1).

The study protocol and amendments were reviewed by an inde-
pendent Ethics Committee or Institutional Review Board, as appro-
priate, for each site. All studies were conducted in compliance with
Declaration of Helsinki consistent with Good Clinical Practices and
applicable regulatory requirements. Written informed consent was
obtained from all participants before enrollment.
2.3. Vaccines

All vaccines used in this study contained as active ingredient
the following 3 influenza serotypes recommended for vaccine use
during 2012–2013 season: A/California/7/2009 (H1N1), A/Victo-
ria/361/2011 (H3N2), and B/Wisconsin/1/2010 like viruses.

Modern adjuvant and carrier systems (e.g., virosomes) can
increase immunogenicity [24–26] especially in populations with
reduced responsiveness to active immunization [21]. Virosomes
(vir) were produced by inserting purified antigens from inactivated
influenza viruses propagated in fertilized hens’ eggs into a bilayer
of phospholipid vesicles (approximately 150 nm in diameter) com-
posed of predominantly of phosphatidylcholine in phosphate buf-
fered saline [27].

Investigated virosomal influenza vaccines (surface antigen,
inactivated, virosome) were formulated as virosomes containing
influenza antigens from strains for 2012–2013. The formulations
were presented as suspension for injection in a prefilled syringe
(type I glass) fitted with a needle size of 25G and 5/800

(0.5 mm � 16 mm) for intramuscular (IM) injection and with
MicronJet600TM microneedle (MJ) device for intradermal (ID) injec-
tion, (a disposable 3-prong 0.6 mm hollowmicroneedle device that
attaches to any standard luer lock or luer tip syringe [NanoPass
Route of administration Dose (lgHA/strain) Volume (mL)

ID (MJ600) 7.5 lg 0.085
ID (MJ600) 15 lg 0.17
IM 45 lg 0.5

e IM 15 lg 0.5
IM 15 lg 0.5
ID 15 lg 0.1

ration-delivery device-dose-adjuvant.
Technologies), NS = needle-syringe, SO = SoluviaTM minineedle (Becton Dickinson),

n, inactivated).
-water emulsion of squalene oil) is a seasonal adjuvanted, subunit (HA and neu-

resented on a phospholipid bilayer vesicle called a virosome.
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Technologies, Israel]) both in deltoid region. The virosomal vaccine
formulations at doses of 7.5, 15 lg HA antigen/strain were admin-
istered as 0.085 mL and 0.17 mL respectively delivered with the
MJ600 device into the dermis. The 45 lg HA antigen/strain formu-
lation was delivered as standard 0.5 mL IM injection in the deltoid
muscle.

Comparator registered influenza vaccines were as follows:
Inflexal VTM (Crucell, Switzerland) is an inactivated, subunit (surface
antigen) virosomal seasonal vaccine containing the standard
dosage of 15 lg HA/strain in each 0.5 ml dose for IM injection;
FluadTM with MF-59TM adjuvant, an oil-in-water emulsion of squa-
lene oil (Novartis Vaccines and Diagnostics SRL, Italy) is a seasonal,
adjuvanted, subunit (HA and neuraminidase) influenza vaccine
containing 15 lg HA/strain per 0.5 mL dose administered IM; and
IntanzaTM (Sanofi Pasteur, Lyon, France) is a seasonal, inactivated,
split-virion influenza vaccine containing 15 lg HA/strain per
0.1-ml dose and was administered in the deltoid region using a
prefilled intradermal microneedle injection system (SoluviaTM

[SO], Becton Dickinson; Franklin Lakes, NJ, USA).
The treatment arms were abbreviated using a naming conven-

tion that provided vaccine trade name - route of administration
(ID, IM) - delivery device (MJ, NS [needle-syringe] - antigen content
- adjuvant, or virosome (vir). The three investigated virosomal
influenza vaccines were abbreviated as Inflexal-ID-MJ-7.5vir,
Inflexal-ID-MJ-15vir, and Inflexal-IM-NS-45vir respectively, and
the three comparator vaccines were abbreviated using the same
naming convention as Inflexal-IM-NS-15vir, Fluad-IM-NS-15adj,
and Intanza-ID-SO-15.
2.4. Clinical evaluations

2.4.1. Sample collection
Blood samples (10 mL) were collected at baseline (day 1, pre-

dose) and on days 22 and 90 to assess the participants’ immune
response against homologous virus strains. Samples were
aliquoted into small tubes and stored at 6�15 �C until further
analyses.
2.4.2. Safety assessments
Safety was evaluated based on solicited local, solicited systemic

and unsolicited adverse events (AE). Tolerability and acceptance of
study vaccine was also assessed. Solicited AEs were collected
through a ‘subject diary card’ for 8 days after vaccination; unso-
licited AEs (including SAEs) were captured by interviews on day
1 and during the subsequent visits on day 22, 90, and 180 or
reported voluntarily. Solicited local AEs were pain at the injection
site, erythema, induration, swelling, and ecchymosis; solicited sys-
temic AEs included fever, malaise and shivering. This was an open-
label study, and because of the use of different administration
routes and doses, blinding was not possible. Hence as per protocol,
site investigators and their clinical collaborators who administered
the study vaccines were not blinded to vaccine treatment arms and
when reporting, or assessing adverse events and their relatedness
to vaccination.
2.4.3. Immunogenicity assessments
The following immunogenicity parameters were assessed via

Hemagglutination inhibition assay (HAI) as stipulated according
to European Medicines Agency (EMA) guidelines [28]: Seroprotec-
tion rate (HAI antibody titerP1:40 to be reached in >60% of partic-
ipants); Seroconversion rate (P4-fold increase in HAI antibody
titer and a titer of P1:40 to be reached in >30% of participants);
Geometric mean titer (GMT) fold increase from baseline (>2.0-
fold increase in GMT of HAI antibodies in participants) [28].
3. Statistical methods

3.1. Sample size determination

No formal sample size calculation was performed based on
immunogenicity. Different parameters of interest explored were
based on EMA requirements [28]. A limitation of this exploratory
study was that it was not powered to compare the immunogenicity
between the 6 vaccination treatment arms. For the HAI assay,
exploratory pairwise treatment arm comparisons were made with
no multiplicity adjustments for multiple analyses. The number of
pairwise comparisons made was limited to 10 out of the 15 possi-
ble pairwise comparisons.

The sample size of 60 participants for each investigational treat-
ment arm was adequate to detect a SAE rate of approximately 1 in
20. i.e.: if no SAEs were observed among 60 participants, the exact
95% upper confidence limit on SAE rate would be 4.9%.
3.2. Statistical analyses

Immunogenicity was evaluated according to the criteria
described in EMA guideline [28]. Seroprotection rates, seroconver-
sion rates, GMT, and fold-increase in GMT from baseline were
calculated. Study was not powered to compare immunogenicity
between all 6 vaccination treatment arms. For HAI assay, explora-
tory pairwise treatment arm comparisons were made, at each time
point, with and without adjustment for preexisting immunity.
Without adjustment, pairwise comparisons between vaccination
treatment arms were made using logistic regression model on indi-
vidual outcome for seroprotection (yes/no) and seroconversion
(yes/no) with vaccination treatment arm as a factor and analysis
of variance model on log-transformed titers for GMTs, and on
log-transformed titer increases for GMT fold increases with vacci-
nation treatment arm as a factor. With adjustment, pairwise com-
parisons were made using a logistic regression model on individual
outcome for seroprotection (yes/no) and seroconversion (yes/no)
with vaccination treatment arm as a factor and baseline log-
transformed HAI antibody titer as a covariate, and using an analy-
sis of variance model on log-transformed titers for GMTs and on
log-transformed titer increases for GMT fold increases with vacci-
nation treatment arm as a factor and baseline log-transformed HAI
antibody titer as a covariate. For all these pairwise treatment arm
comparisons of interest (Supplementary Table 1), 2-sided p-value
<0.05 was considered as statistically significant. As this was an
exploratory study, no adjustment for multiplicity was applied;
number of comparisons made however was minimized. Analyses
were interpreted descriptively. Due to high prevaccination titers
(high seroprotection rates), the adjusted GMT analysis was con-
ducted to crystalize differences between immune responses.

Solicited local and systemic AEs up to day 4 and 8 after vaccina-
tion and unsolicited AEs were summarized descriptively.
3.3. Analysis set

Intention-to-treat (ITT) population included all participants
who received a study vaccine and for whom pre and postvaccina-
tion HAI antibody titers were available (day 1 and 22). Safety pop-
ulation included all participants who received a study vaccine and
for whom safety data were available, irrespective of the occurrence
of protocol deviations or violations. Overall, 9 participants
were excluded from the ITT population as their blood samples
were not taken within the time window defined by the protocol.
These included, one participant each from Intanza-ID-SO-15 and
Inflexal-ID-MJ-7.5vir treatment arms, 2 participants each from
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Inflexal-ID-MJ-15vir, and Inflexal-IM-NS-45vir treatment arms,
and 3 participants from Fluad-IM-NS-15adj treatment arm.
4. Results

Of the 370 participants randomized and vaccinated, 367 (99%)
completed the study. The number of participants that completed
each of the study arms included n = 60 (63 were randomized), in
Fluad-IM-NS-15adj, n = 60 in Intanza-ID-SO-15, n = 61 in Inflexal-
ID-MJ-7.5vir, and Inflexal-ID-MJ-15vir, n = 62 in Inflexal-ID-MJ-
Table 2
Summary of study vaccine solicited (up to day 4) adverse events (safety analysis set).

Intramuscular injections (IM)

Inflexal-IM-NS-
15vir (N = 63)

Inflexal-IM-NS-
45vir (N = 62)

Fluad-IM-N
15adj (N =

Solicited local adverse events
Solicited local AEs 29 (46.0%) 35 (56.5%) 36 (57.1%)

Mild 13 (20.6%) 22 (35.5%) 16 (25.4%)

Moderate 11 (17.5%) 8 (12.9%) 16 (25.4%)

Severe 5 (7.9%) 5 (8.1%) 4 (6.3%)

Erythema 19 (30.2%) 20 (32.3%) 15 (23.8%)

Mild 7 (11.1%) 10 (16.1%) 7 (11.1%)

Moderate 8 (12.7%) 6 (9.7%) 4 (6.3%)

Severe 4 (6.3%) 4 (6.5%) 4 (6.3%)

Ecchymosis 4 (6.3%) 3 (4.8%) 1 (1.6%)
Mild 2 (3.2%) 2 (3.2%) 1 (1.6%)
Moderate 2 (3.2%) 0 0
Severe 0 1 (1.6%) 0
Induration 12 (19.0%) 9 (14.5%) 11 (17.5%)

Mild 2 (3.2%) 2 (3.2%) 5 (7.9%)

Moderate 8 (12.7%) 6 (9.7%) 5 (7.9%)

Severe 2 (3.2%) 1 (1.6%) 1 (1.6%)
Pain 21 (33.3%) 28 (45.2%) 28 (44.4%)

Mild 21 (33.3%) 24 (38.7%) 16 (25.4%)

Moderate 0 4 (6.5%) 12 (19.0%)
Unknown 0 0 0

Solicited systemic adverse events
Solicited systemic AE (P1) 8 (12.7%) 5 (8.1%) 7 (11.1%)

Solicited systemic AE (P1)
excluding fevera

8 (12.7%) 4 (6.5%) 5 (7.9%)

Mild 7 (11.1%) 4 (6.5%) 3 (4.8%)
Moderate 1 (1.6%) 0 1 (1.6%)
Severe 0 0 1 (1.6%)
Unknown 0 0 0
Shivering 4 (6.3%) 1 (1.6%) 3 (4.8%)
Mild 3 (4.8%) 1 (1.6%) 3 (4.8%)
Moderate 1 (1.6%) 0 0
Severe 0 0 0
Malaise 7 (11.1%) 3 (4.8%) 3 (4.8%)
Mild 6 (9.5%) 3 (4.8%) 1 (1.6%)
Moderate 1 (1.6%) 0 1 (1.6%)
Severe 0 0 1 (1.6%)
Unknown 0 0 0
Fever (body temp. P38 �Cb) 0 1 (1.6) 2 (3.2%)

AE: Adverse event.
See Table 1 footnotes for description of abbreviations used and vaccines studied.

a Note that the severity of the solicited systemic AE fever was not graded.
b Or body temperature reported as unknown (not measured or recorded).
45vir, and n = 63 in Inflexal-IM-NS-15vir arm. Demographics and
baseline characteristics were well-balanced between the vaccina-
tion treatment arms. The study included 54% males and 46%
females (Supplementary Table 2).

4.1. Safety

Total of 72.2% participants reported solicited local AEs, which
were related to study vaccine administration. Unsolicited AEs
were reported in 36.8% of participants. Eighteen participants
(4.9%) had at least 1 SAE. Percentage of participants with at least
Intradermal injections (ID)

S-
63)

Intanza-ID-SO-
15 (N = 60)

Inflexal-ID-MJ-
15vir (N = 61)

Inflexal-ID-MJ-
7.5vir (N = 61)

Total
(N = 370)

54 (90.0%) 57 (93.4%) 56 (91.8%) 267
(72.2%)

7 (11.7%) 13 (21.3%) 11 (18.0%) 82
(22.2%)

24 (40.0%) 23 (37.7%) 30 (49.2%) 112
(30.3%)

23 (38.3%) 21 (34.4%) 15 (24.6%) 73
(19.7%)

52 (86.7%) 56 (91.8%) 54 (88.5%) 216
(58.4%)

6 (10.0%) 13 (21.3%) 10 (16.4%) 53
(14.3%)

24 (40.0%) 22 (36.1%) 29 (47.5%) 93
(25.1%)

22 (36.7%) 21 (34.4%) 15 (24.6%) 70
(18.9%)

0 1 (1.6%) 0 9 (2.4%)
0 1 (1.6%) 0 6 (1.6%)
0 0 0 2 (0.5%)
0 0 0 1 (0.3%)
31 (51.7%) 34 (55.7%) 34 (55.7%) 131

(35.4%)
16 (26.7%) 21 (34.4%) 26 (42.6%) 72

(19.5%)
11 (18.3%) 12 (19.7%) 8 (13.1%) 50

(13.5%)
4 (6.7%) 1 (1.6%) 0 9 (2.4%)
22 (36.7%) 11 (18.0%) 15 (24.6%) 125

(33.8%)
19 (31.7%) 10 (16.4%) 11 (18.0%) 101

(27.3%)
3 (5.0%) 1 (1.6%) 3 (4.9%) 23 (6.2%)
0 0 1 (1.6%) 1 (0.3%)

8 (13.3%) 4 (6.6%) 5 (8.2%) 37
(10.0%)

8 (13.3%) 4 (6.6%) 3 (4.9%) 32 (8.6%)

6 (10.0%) 2 (3.3%) 2 (3.3%) 24 (6.5%)
2 (3.3%) 1 (1.6%) 0 5 (1.4%)
0 0 1 (1.6%) 2 (0.5%)
0 1 (1.6%) 0 1 (0.3%)
2 (3.3%) 2 (3.3%) 2 (3.3%) 14 (3.8%)
2 (3.3%) 2 (3.3%) 1 (1.6%) 12 (3.2%)
0 0 0 1 (0.3%)
0 0 1 (1.6%) 1 (0.3%)
7 (11.7%) 3 (4.9%) 2 (3.3%) 25 (6.8%)
5 (8.3%) 1 (1.6%) 1 (1.6%) 17 (4.6%)
2 (3.3%) 1 (1.6%) 0 5 (1.4%)
0 0 1 (1.6%) 2 (0.5%)
0 1 (1.6%) 0 1 (0.3%)
1 (1.7) 0 3 (4.9%) 7 (1.9%)
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1 AE that the investigator considered related to study vaccine
was 8.9% for solicited systemic AEs and 15.7% for unsolicited
AEs.

Incidence of solicited local AEs up to day 4 was higher in ID
(Intanza-ID-SO-15, Inflexa-ID-lMJ-7.5vir and Inflexal-ID-MJ-
15vir; 90.0–93.4%) compared with IM treatment arms
(Inflexal-IM-NS-15vir, Fluad-IM-NS-15adj, Inflexal-IM-NS-45vir;
46.0–57.1%) due to higher incidence of erythema and induration
in participants vaccinated intradermally vs. intramuscularly
(erythema: 86.7–91.8% vs 23.8–32.3%, induration: 51.7–55.7%
vs. 14.5–19.0%) (Table 2; Supplementary Table 3). Incidence of
solicited systemic AEs up to day 4 was slightly lower in
Inflexal-ID-MJ-7.5vir, Inflexal-ID-MJ-15vir and Inflexal-IM-NS-
45vir (6.6–8.2%) compared with other treatment arms (11.1–
13.3%). Most common solicited systemic AE was malaise in 25
(6.8%) of 370 vaccinated participants. Incidence of malaise was
higher in participants in Inflexal-IM-NS-15vir treatment arm
(11.1%) and Intanza-ID-SO-15-treatment arm (11.7%) than in
the other treatment arms (3.3–4.9%). Incidences of solicited
local and systemic AEs up to day 8 were very similar to those
up to day 4.

A total of 136 participants (36.8%) had at least 1 unsolicited AE.
Percentage of participants with at least 1 unsolicited AE was high-
est in Inflexal-ID-MJ-7.5vir (44.3%) and Inflexal-IM-NS-45vir treat-
ment arm (38.7%) and with least reported in Fluad-IM-NS-15adj
(31.7%) and Inflexal-ID-MJ-15vir treatment arm (32.8%). Most
common unsolicited AEs were nasopharyngitis (8.9%), injection
site pruritus (5.4%), and headache (4.6%).

At least 1 SAE was reported for 5 participants in Inflexal-ID-MJ-
7.5vir, 5 participants in Inflexal-ID-MJ-15vir, 4 participants in
Fluad-IM-NS-15adj, 2 participants in Inflexal-IM-NS-45vir, and 1
participant each in Inflexal-IM-NS-15vir and Intanza-ID-SO-15
treatment arm (Supplementary Table 4). All non-fatal SAEs were
resolved by the end of study, except for 1 case of severe polymyal-
gia rheumatica (Inflexal-ID-MJ-15vir; 67 years old woman; onset:
day 10). All other SAEs were considered not related to the study
vaccination. There were 3 deaths (Fluad-IM-NS-15adj) reported
during the follow-up phase because of reasons considered not
related to the vaccine (due to postoperative complications follow-
ing oesophagectomy for oesophageal adenocarcinoma (66 years,
male; day 91); due to spinal epidural abscess (76 years, male;
Table 3
Summary of main immunogenicity results for study vaccines (with adjustment for preexi

Intramuscular injections (IM)

Inflexal-IM-NS-
15vir (N = 63)

Inflexal-IM-NS-
45vir (N = 62)

Flu
15a

Days 22 90 22 90 22

Seroconversiona (%)
A/California/7/2009 42.9 28.6 45.2 25.8 50.
A/Victoria/361/2011 38.1 28.6 53.2 43.5 69.
B/Hubei-Wujiagang/158/2009 19.0 14.3 25.8 16.1 31.

Seroprotectionb (%)
A/California/7/2009 88.9 82.5 95.2 93.5 93.
A/Victoria/361/2011 93.7 92.1 98.4 96.8 100
B/Hubei-Wujiagang/158/2009 27.0 20.6 32.3 22.6 38.

GMT fold increase from baselinec

A/California/7/2009 3.59 2.53 3.99 2.45 5.3
A/Victoria/361/2011 4.14 3.36 4.79 3.70 6.2
B/Hubei-Wujiagang/158/2009 2.25 1.74 2.79 2.10 3.5

Note: Percentages are based on number of available observations; p-value is based on a l
when adjusting for baseline log transformed HAI antibody titer.
See Table 1 footnotes for description of abbreviations used and vaccines studied.

a Seroconversion is defined as P4-fold increase in HAI antibody titer compared to ba
b Seroprotection is defined as a HAI antibody titer of P1:40.
c GMT (increase) ratio and p-value are based on an analysis of variance model on lo

(baseline HAI antibody titer value) as a covariate; results are back-transformed to origin
day 133); due to natural causes (79 years, male; day 162). All other
participants completed the study.

4.2. Immunogenicity

Immunogenicity parameters assessed based on results from the
HAI assay against homologous strains are presented based on the
analysis with adjustment for preexisting immunity. The baseline
GMT titers and seroprotection rates were relatively high for strains
A/California/7/2009 and A/Victoria/361/2011.

4.2.1. Seroconversion rate
Immunogenicity results for day 22 and day 90 were not statis-

tically compared across the six vaccine treatment arms. Serocon-
version rate was above the threshold (>30%) specified by the
EMA [28] in all study arms except for Inflexal-IM-NS-15vir and
Inflexal-IM-NS-45vir in B/Hubei-Wujiagang/158/2009 strain
(Table 3). On day 22, seroconversion rate trended higher in
Inflexal-ID-MJ-15vir (65.6%) for strain A/California/7/2009
whereas it was numerically higher in Fluad-IM-NS-15adj (69.8%)
and Intanza-ID-SO-15 (46.7%) for strain A/Victoria/361/2011 and
B/Hubei-Wujiagang/158/2009, respectively compared with other
vaccines (Table 3). On day 90, seroconversion rates were numeri-
cally lower in all 6 vaccines compared to day 22.

Ten treatment arm-wise comparisons of percentage serocon-
version rates per strain (on day 22 and day 90) between selected
investigational and comparator vaccine arms (adjusted for pre-
existing immunity) were made and the pairwise difference in sero-
conversion rates with 2-sided 95% CI and p-values were deter-
mined. The data for these pairwise comparisons for day 22 is
shown in Fig. 1.

Significantly higher seroconversion rates (p < 0.05) were
observed for the following pairwise comparisons: Inflexal-ID-MJ-
15vir vs. Inflexal-IM-NS-15vir (day 22 and 90), Inflexal-ID-MJ-
15vir vs. Fluad-IM-NS-15adj (day 22), and Inflexal-ID-MJ-15vir
vs. Inflexal-IM-NS-45vir (day 22) for strain A/California/7/2009;
Inflexal-ID-MJ-15vir vs. Inflexal-IM-NS-15vir (day 22) and
Inflexal-ID-MJ-7.5vir vs. Inflexal-IM-NS-15vir (day 90) for strain
A/Victoria/361/2011; and Inflexal-ID-MJ-7.5vir vs. Inflexal-IM-
NS-15vir (day 22) and Inflexal-ID-MJ-15vir vs. Inflexal-IM-NS-
15vir (day 22) for B/Hubei-Wujiagang/158/2009 strain. The day
sting immunity, ITT population).

Intradermal injections (ID)

ad-IM-NS-
dj (N = 63)

Intanza-ID-SO-
15 (N = 60)

Inflexal-ID-MJ-
15vir (N = 61)

Inflexal-ID-MJ-
7.5vir (N = 61)

90 22 90 22 90 22 90

8 39.7 53.3 43.3 65.6 44.3 49.2 37.7
8 60.3 58.3 48.3 60.7 44.3 49.2 47.5
7 27.0 46.7 25.0 34.4 16.4 36.1 26.2

7 92.1 93.3 88.3 98.4 90.2 98.4 95.1
96.8 98.3 96.7 98.4 91.8 98.4 96.7

1 31.7 58.3 36.7 39.3 23.0 44.3 39.3

7 3.35 5.02 3.04 5.60 3.16 4.70 3.10
4 4.42 5.06 3.71 6.31 4.40 6.51 4.88
8 2.49 4.61 2.77 3.46 2.26 2.89 2.21

ogistic regression model with vaccination treatment arm as an explanatory variable

seline and a titer of P1:40.

g transformed GMTs (GMRs) with vaccination treatment arm as a factor and log
al scale.
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90 data is not presented in the figure as the results were similar to
that of day 22. Since Fluad-IM-NS-15adj and Intanza-ID-SO-15
treatment arm were only used as comparators for the investiga-
tional treatment arms, limited comparisons were made with them
as follows: Fluad-IM-NS-15adj was only compared with Inflexal-
ID-MJ-15vir and Inflexal-IM-NS-45vir and, Intanza-ID-SO-15 with
Inflexal-ID-MJ-7.5vir and Inflexal-ID-MJ-15vir treatment arm;
however the results were not statistically significant, except for
strain A/California/7/2009.

4.2.2. Seroprotection rate
In all 6 treatment arms of all strains, seroprotection rate was

above the threshold (>60%; on days 22 and 90) specified by the
EMA [28], except for strain B/Hubei-Wujiagang/158/2009 (Table 3).
Fig. 1. Immunogenicity - seroconversion adjusted for
On day 22, the seroprotection rates trended higher in Inflexal-ID-
MJ-7.5vir and Inflexal-ID-MJ-15vir (98.4%) for strain A/Califor-
nia/7/2009 and in Fluad-IM-NS-15vir (100%) for strain A/Victo-
ria/361/2011. For strain B/Hubei-Wujiagang/158/2009, rates were
numerically higher in Intanza-ID-SO-15 (58.3%) compared with
other treatment arms.

Pairwise comparisons of investigational vs. comparator vacci-
nes for seroprotection rates (day 22, per strain) with percentage
differences, 95% CI and p-values are shown in Fig. 2 (data for day
90 not presented). No comparisons were statistically significant,
neither for day 22 nor for day 90 for strains A/California/7/2009
and A/Victoria/361/2011 after adjustment for preexisting immu-
nity. However for strain B/Hubei-Wujiagang/158/2009, signifi-
cantly higher seroprotection rates (p < 0.05) were observed in
pre-existing immunity - day 22 - ITT population.
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Inflexal-ID-MJ-7.5vir vs. Inflexal-IM-NS-15vir on day 22 and 90
and in Inflexal-ID-MJ-15vir vs. Inflexal-IM-NS-15vir on day 22
(Table 3; Fig. 2).

4.2.3. GMT fold increase
In all vaccine treatment arms for all strains, GMT fold increase

was above the threshold (>2.0) specified by the EMA, except in
Inflexal-IM-NS-15vir for strain B/Hubei-Wujiagang/158/2009 on
day 90 (Table 3). GMT values ranged between 35.66 and 53.28 at
baseline, between 152.25 and 237.62 on day 22, and between
103.85 and 141.87 on day 90 for strain A/California/7/2009;
between 42.41 and 72.20 at baseline, between 236.77 and 372.89
on day 22, and between 192.39 and 279.62 on day 90 for strain
A/Victoria/361/2011; and between 6.91 and 8.88 at baseline,
Fig. 2. Immunogenicity - seroprotection adjusted for
between 17.47 and 35.78 on day 22, and between 13.50 and
21.52 on day 90 for strain B/Hubei-Wujiagang/158/2009.

Pairwise comparisons of investigational vs. comparator vacci-
nes for GMT fold increases from baseline (day 22, per strain) with
GMT fold increase ratios, 95% CI and p-values are shown in Fig. 3
(data for day 90 not presented). Significantly higher GMT fold
increases from baseline (p < 0.05) were observed in Inflexal-ID-
MJ-15vir vs. Inflexal-IM-NS-15vir on days 22 and Fluad-IM-NS-
15adj vs. Inflexal-IM-NS-45vir on day 90 (strain A/Califor-
nia/7/2009), Inflexal-ID-MJ-7.5vir and Inflexal-ID-MJ-15vir vs.
Inflexal-IM-NS-15vir on day 22 (strain A/Victoria/361/2011) and
Inflexal-ID-MJ-15vir vs. Inflexal-IM-NS-15vir and Intanza-ID-SO-
15 vs. Inflexal-ID-MJ-7.5vir on day 22 (strain B/Hubei-
Wujiagang/158/2009) (Table 3; Fig. 3).
pre-existing immunity - day 22 - ITT population.
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5. Discussion

In this study we report one of the first clinical trials comparing
two major approaches to improve influenza vaccine effectiveness:
intradermal delivery, high-dose content with other approaches
such as alternative ID devices and adjuvantation. The focus of this
study was not to evaluate either accomplished strategies (Intanza-
ID-SO-15 and Fluad-IM-NS-15adj) vs. commercial Inflexal-IM-NS-
15vir presentation. Both approaches were evaluated separately or
conjointly in previous clinical studies and have reported divergent
effects [29–39]. Immunogenicity evaluations of study vaccines
were exploratory in nature and the study was limited and not
statistically powered to make comparisons of equivalency or
Fig. 3. Immunogenicity - geometric mean ratio (GMT fold increase)
non-inferiority across different vaccine modalities with no formal
hypothesis testing. As this was an exploratory study, no adjust-
ment for multiplicity was applied for pairwise comparisons of
interest however; total number of comparisons was minimized.

The immune response to influenza vaccination can be influ-
enced by previous influenza vaccinations due to concern with the
ability of influenza vaccine to induce seroconversion. EMA guid-
ance requirements for yearly clinical trials exclude recruiting
healthy volunteers receiving influenza vaccine within the previous
6 months. In this study, vaccination against influenza in the 2011–
2012 season was an inclusion criterion whereas previous vaccina-
tion with an influenza vaccine for season 2012–2013 were
excluded from enrollment. Influenza-vaccine ‘‘naives” were not
adjusted for pre-existing immunity - day 22 - ITT population.
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included in the study population in order to obtain a more
homogenous population and all immunogenicity results at each
time point was adjusted for the baseline antibody level to account
for preexisting immunity.

We used the CHMP/EMA guideline for re-licensure of influenza
vaccine as a basis of exploratory immunogenicity analyses and
comparison of investigational and licensed vaccines. To our knowl-
edge at the time of this study no other guidelines for such assess-
ment were available and the EMA regulatory guidelines are widely
used in industry for yearly clinical trials and yearly licensing of
influenza vaccines in Europe [40].

In our study, intradermal approach with MicronJet600TM device
used in Inflexal-ID-MJ-7.5vir and Inflexal-ID-MJ-15vir suggested
overall favourable immunogenicity as compared with Inflexal-
IM-NS-15vir (standard dose) and Inflexal-IM-NS-45vir (high dose)
in elderly population for 2 of the 3 strains. High dose (45 lg) inves-
tigational virosomal formulation did not demonstrate any benefit
on vaccine’s immunogenicity over 15 lg commercial IM presenta-
tion. In addition, Inflexal-IM-NS-45vir had numerically lower
seroconversion rate for strain A/California compared with
Inflexal-ID-MJ-15vir, lower seroprotection for strain B vs.
Inflexal-ID-MJ-7.5vir, and lower in GMT fold increase vs. Inflexal-
ID-MJ-15vir and Fluad-IM-NS-15adj. Fluad-IM-NS-15adj and
Intanza-ID-SO-15 appeared to have good immunogenicity across
all strains, although direct comparisons with Inflexal-IM-NS-
15vir were not conducted in this study. The immunogenicity of
B/Hubei-Wujiagang/158/2009 was consistently lower than that
for the A-strains, both at baseline and days 22 and 90. The HAI
assay, the standard assay for immunogenicity of influenza vacci-
nes, is well known to have a relatively low specificity to influenza
B-viruses in human sera [41].

Previous clinical studies have focused mostly on specific
approaches vs. their standard dose (15 lg) unadjuvanted presenta-
tions, and have generally been able to demonstrate superior
immune responses. FluzoneTM High-Dose vaccine, for example,
demonstrated both improved immunogenicity[6,14,16] as well as
a 24% additional vaccine efficacy in a phase IV study [19]. In
another study [42], FluadTM demonstrated improved immunogenic-
ity when compared with its unadjuvanted pair FluvirinTM; by day
21, HAI and microneutralization (MN) antibody titers of about
1:40 were reported in 77–96% (HAI) and 92–100% (MN) of partic-
ipants receiving MF59-adjuvanted vaccine, compared with 63–72%
(HAI) and 67–76% (MN) of those who received non-adjuvanted
vaccine.

Both the ID administered 7.5 lg and 15 lg dose and the 45 lg
IM dose of virosomal influenza vaccine were generally safe and
well tolerated. Incidence of solicited local AEs up to day 4 was
higher in ID treatment arms (90.0–93.4%) compared with IM
(46.0–57.1%) because of a higher incidence of erythema and
induration in participants vaccinated intradermally vs intramuscu-
larly (erythema: 86.7–91.8% vs 23.8–32.3%, induration: 51.7–55.7%
vs 14.5–19.0%). Incidence of erythema and induration was slightly
lower in participants who received 15 lg ID Intanza vs who
received 7.5 lg ID or 15 lg ID virosomal influenza vaccine. A
higher incidence of erythema after intradermal vaccination in
elderly has been reported in other studies also [31,36,43,44]. As
the vaccine is administered just below the skin surface, local reac-
tions occur earlier and more frequently than after vaccination dee-
per into the muscle [29]. Importantly, the antigens are delivered
into an immune rich environment, which is thought to enhance
the immunogenicity of influenza vaccines. There appeared to be
no correlation between injection volume or injection dose and inci-
dence or severity of local AE’s. It should be noted here that the cur-
rent study being an open-label stud y site investigators and their
clinical collaborators who administered the study vaccines were
not blinded to vaccine treatment arms and when reporting, or
assessing adverse events and their relatedness to vaccination.

Overall, 23 SAEs were reported for 18 study participants among
all vaccine treatment arms. SAEs were reported more commonly in
Inflexal-ID-MJ-7.5vir, Inflexal-ID-MJ-15vir and Fluad-IM-NS-15adj
(6.3–8.2%) compared with other treatment arms (1.6–3.2%). All
SAEs were considered not related to study vaccine and were
resolved by study end except for 1 SAE of polymyalgia rheumatica
in Inflexal-ID-MJ-15vir treatment arm. Three deaths (Fluad-IM-NS-
15adj) reported during the study were considered not related to
study vaccine.

6. Conclusions

This study was intended to compare the ID and high dose
strategies for improving influenza vaccine immunogenicity in the
elderly with an ID device and an adjuvanted vaccine. Safety results
showed that all strategies were generally safe and well-tolerated.
Incidence of solicited local AEs was higher after ID than IM admin-
istration. The ID delivery using microneedles improved immuno-
genicity to standard presentation in at least 2 of 3 strains as
measured by HAI day 22 GMTs. Tripling the dose did not have
any benefit on the vaccine’s immunogenicity over 15 lg IM com-
mercial presentation indicating that in this case a higher HA anti-
gen load in the formulation is not a contributing factor in
improving immune response. Since no direct comparisons between
Fluad-IM-NS-15adj, Intanza-ID-SO-15 and Inflexal-IM-NS-15vir
were conducted, limited conclusions can be made, although
Fluad-IM-NS-15adj and Intanza-ID-SO-15 appeared to have good
immunogenicity across all strains. However, further studies are
required to evaluate direct vaccine efficacy among other effective
parameters.

Registration

This trial was registered with EudraCT (EudraCT number is
2012-002195-14).

Study support

The study was sponsored by Crucell BV. NanoPass provided
devices and support.

Previous presentation

None.

Conflicts of interest

Drs. Levin and Kochba hold executive positions at NanoPass Tech-
nologies Ltd., which provided support and devices for the study. Dr.
Shukarev is an employee of Janssen Vaccines AG. Prof. Van Damme
acts as chief and principal investigator for vaccine trials conducted
on behalf of the University of Antwerp, for which the University
obtains research grants from vaccine manufacturers; speaker’s fees
for presentations on vaccines are paid directly to an educational fund
held by theUniversity of Antwerp. He received no personal remuner-
ation for this work. Ms. Rusch and Dr. Herrera-Taracena are employ-
ees of Janssen Pharmaceutical, a J&J company.

Author contributions

Dr. Levin was involved in study design, data analysis, writing
interpretation and review of the manuscript. Dr. Kochba was



Y. Levin et al. / Vaccine 34 (2016) 5262–5272 5271
involved in training, data analysis, writing, interpretation and
review of the manuscript. Dr. Shukarev was the study responsible
physician and was involved in data analysis and interpretation and
review of the manuscript. Dr. Herrera-Taracena was the medical
lead for the program and was involved in the review of the manu-
script. Prof. Van Damme participated in study design, data collec-
tion and conduct of the vaccine trial, data analysis and
interpretation, and review of the manuscript. Ms. Rusch was the
project statistician and was involved in study design, data analysis,
and interpretation of the results. All authors meet ICMJE criteria
and all those who fulfilled those criteria are listed as authors. All
authors had access to the study data and made the final decision
about where to publish these data.
Acknowledgments

Dr. Shalini Nair (SIRO Clinpharm Pvt. Ltd.) provided writing
assistance and Dr. Bradford Challis (Janssen Research & Develop-
ment, LLC) provided additional editorial support for this manu-
script. Authors also thank the study participants, without whom
this study would never have been accomplished, and the investiga-
tors for their participation in this study.
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.vaccine.2016.09.
008.
References

[1] World Health Organization (WHO). Fact sheet N�211: influenza (seasonal).
WHO; 2014.

[2] Hannoun C, Megas F, Piercy J. Immunogenicity and protective efficacy of
influenza vaccination. Virus Res 2004;103:133–8.

[3] Aspinall R, Del Giudice G, Effros RB, Grubeck-Loebenstein B, Sambhara S.
Challenges for vaccination in the elderly. Immun Ageing 2007;4:9.

[4] Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, Anderson LJ, et al.
Mortality associated with influenza and respiratory syncytial virus in the
United States. JAMA 2003;289:179–86.

[5] Simonsen L, Reichert TA, Viboud C, Blackwelder WC, Taylor RJ, Miller MA.
Impact of influenza vaccination on seasonal mortality in the US elderly
population. Arch Int Med 2005;165:265–72.

[6] Falsey AR, Treanor JJ, Tornieporth N, Capellan J, Gorse GJ. Randomized, double-
blind controlled phase 3 trial comparing the immunogenicity of high-dose and
standard-dose influenza vaccine in adults 65 years of age and older. J Infect Dis
2009;200:172–80.

[7] Hernandez-Vargas EA, Wilk E, Canini L, Toapanta FR, Binder SC, Uvarovskii A,
et al. Effects of aging on influenza virus infection dynamics. J Virol
2014;88:4123–31.

[8] Gross PA, Hermogenes AW, Sacks HS, Lau J, Levandowski RA. The efficacy of
influenza vaccine in elderly persons. A meta-analysis and review of the
literature. Ann Int Med 1995;123:518–27.

[9] Levin Y, Kochba E, Hung I, Kenney R. Intradermal vaccination using the novel
microneedle device MicronJet600: past, present, and future. Hum Vaccin
Immunother 2015;11:991–7.

[10] Vesikari T, Pellegrini M, Karvonen A, Groth N, Borkowski A, O’Hagan DT, et al.
Enhanced immunogenicity of seasonal influenza vaccines in young children
using MF59 adjuvant. Pediatr Infect Dis J 2009;28:563–71.

[11] O’Hagan DT, Rappuoli R, De Gregorio E, Tsai T, Del Giudice G. MF59 adjuvant:
the best insurance against influenza strain diversity. Expert Rev Vaccines
2011;10:447–62.

[12] Leroux-Roels I, Weber F. Intanza ((R)) 9 microg intradermal seasonal influenza
vaccine for adults 18 to 59 years of age. Hum Vaccin Immunother
2013;9:115–21.

[13] Frey S, Poland G, Percell S, Podda A. Comparison of the safety, tolerability, and
immunogenicity of a MF59-adjuvanted influenza vaccine and a non-
adjuvanted influenza vaccine in non-elderly adults. Vaccine 2003;21:4234–7.

[14] Tsang P, Gorse GJ, Strout CB, Sperling M, Greenberg DP, Ozol-Godfrey A, et al.
Immunogenicity and safety of Fluzone((R)) intradermal and high-dose
influenza vaccines in older adults >/=65 years of age: a randomized,
controlled, phase II trial. Vaccine 2014;32:2507–17.

[15] Della Cioppa G, Nicolay U, Lindert K, Leroux-Roels G, Clement F, Castellino F,
et al. A dose-ranging study in older adults to compare the safety and
immunogenicity profiles of MF59(R)-adjuvanted and non-adjuvanted seasonal
influenza vaccines following intradermal and intramuscular administration.
Hum Vaccin Immunother 2014;10:1701–10.

[16] Esposito S, D’Angelo E, Daleno C, Peia F, Scala A, Serra D, et al. Immunogenicity,
safety and tolerability of monovalent 2009 pandemic influenza A/H1N1 MF59-
adjuvanted vaccine in patients with beta-thalassemia major. Vaccine
2010;28:7825–8.

[17] de Bruijn IA, Nauta J, Gerez L, Palache AM. The virosomal influenza vaccine
Invivac: immunogenicity and tolerability compared to an adjuvanted
influenza vaccine (Fluad�) in elderly subjects. Vaccine 2006;24:6629–31.

[18] Coudeville L, Andre P, Bailleux F, Weber F, Plotkin S. A new approach to
estimate vaccine efficacy based on immunogenicity data applied to influenza
vaccines administered by the intradermal or intramuscular routes. Hum
Vaccines 2010;6:841–8.

[19] DiazGranados CA, Dunning AJ, Kimmel M, Kirby D, Treanor J, Collins A, et al.
Efficacy of high-dose versus standard-dose influenza vaccine in older adults. N
Engl J Med 2014;371:635–45.

[20] DiazGranados CA, Dunning AJ, Jordanov E, Landolfi V, Denis M, Talbot HK.
High-dose trivalent influenza vaccine compared to standard dose vaccine in
elderly adults: safety, immunogenicity and relative efficacy during the 2009–
2010 season. Vaccine 2013;31:861–6.

[21] Durando P, Iudici R, Alicino C, Alberti M, de Florentis D, Ansaldi F, et al.
Adjuvants and alternative routes of administration towards the development
of the ideal influenza vaccine. Hum Vaccines 2011;7(Suppl. 1):29–40.

[22] Frenck Jr RW, Belshe R, Brady RC, Winokur PL, Campbell JD, Treanor J, et al.
Comparison of the immunogenicity and safety of a split-virion, inactivated,
trivalent influenza vaccine (Fluzone(R)) administered by intradermal and
intramuscular route in healthy adults. Vaccine 2011;29:5666–74.

[23] Künzi V, Klap J, Seiberling M, Herzog C, Hartmann K, Kürsteiner O, et al.
Immunogenicity and safety of low dose virosomal adjuvanted influenza
vaccine administered intradermally compared to intramuscular full dose
administration. Vaccine 2009;27:3561–7.

[24] Minutello M, Senatore F, Cecchinelli G, Bianchi M, Andreani T, Podda A, et al.
Safety and immunogenicity of an inactivated subunit influenza virus vaccine
combined with MF59 adjuvant emulsion in elderly subjects, immunized for
three consecutive influenza seasons. Vaccine 1999;17:99–104.

[25] Moser C, Metcalfe IC, Viret JF. Virosomal adjuvanted antigen delivery systems.
Expert Rev Vaccines 2003;2:189–96.

[26] Gluck R, Burri KG, Metcalfe I. Adjuvant and antigen delivery properties of
virosomes. Curr Drug Deliv 2005;2:395–400.

[27] Mischler R, Metcalfe IC. Inflexal V a trivalent virosome subunit influenza
vaccine: production. Vaccine 2002;20(Suppl. 5):B17–23.

[28] The European Agency for the Evaluation of Medicinal Products: note for
guidance on harmonisation of requirements for influenza vaccines; 1997.
<www.cardiff.ac.uk/racdv/resgov/Resources/EMA%20CFPMP.pdf> [accessed 19
November 2015].

[29] Ruf BR, Colberg K, Frick M, Preusche A. Open, randomized study to compare
the immunogenicity and reactogenicity of an influenza split vaccine with an
MF59-adjuvanted subunit vaccine and a virosome-based subunit vaccine in
elderly. Infection 2004;32:191–8.

[30] Pregliasco F, Mensi C, Serpilli W, Speccher L, Masella P, Belloni A.
Immunogenicity and safety of three commercial influenza vaccines in
institutionalized elderly. Aging (Milano) 2001;13:38–43.

[31] Van Damme P, Arnou R, Kafeja F, Fiquet A, Richard P, Thomas S, et al.
Evaluation of non-inferiority of intradermal versus adjuvanted seasonal
influenza vaccine using two serological techniques: a randomised
comparative study. BMC Infect Dis 2010;10:134.

[32] Scheifele DW, McNeil SA, Ward BJ, Dionne M, Cooper C, Coleman B, et al.
Safety, immunogenicity, and tolerability of three influenza vaccines in older
adults: results of a randomized, controlled comparison. Hum Vaccin
Immunother 2013;9:2460–73.

[33] Puig-Barbera J, Natividad-Sancho A, Calabuig-Perez J, Lluch-Rodrigo JA, Pastor-
Villalba E, Martinez-Ubeda S, et al. Intradermal and virosomal influenza
vaccines for preventing influenza hospitalization in the elderly during the
2011–2012 influenza season: a comparative effectiveness study using the
Valencia health care information system. Vaccine 2014;32:5447–54.

[34] Holland D, Booy R, De Looze F, Eizenberg P, McDonald J, Karrasch J, et al.
Intradermal influenza vaccine administered using a new microinjection
system produces superior immunogenicity in elderly adults: a randomized
controlled trial. J Infect Dis 2008;198:650–8.

[35] Gasparini R, Amicizia D, Lai PL, Rossi S, Panatto D. Effectiveness of adjuvanted
seasonal influenza vaccines (Inflexal V (R) and Fluad (R)) in preventing
hospitalization for influenza and pneumonia in the elderly: a matched case-
control study. Hum Vaccin Immunother 2013;9:144–52.

[36] Arnou R, Icardi G, De Decker M, Ambrozaitis A, Kazek MP, Weber F, et al.
Intradermal influenza vaccine for older adults: a randomized controlled
multicenter phase III study. Vaccine 2009;27:7304–12.

[37] Ansaldi F, Orsi A, de Florentiis D, Parodi V, Rappazzo E, Coppelli M, et al. Head-
to-head comparison of an intradermal and a virosome influenza vaccine in
patients over the age of 60: evaluation of immunogenicity, cross-protection,
safety and tolerability. Hum Vaccin Immunother 2013;9:591–8.

[38] Seo YB, Choi WS, Lee J, Song JY, Cheong HJ, Kim WJ. Comparison of the
immunogenicity and safety of the conventional subunit, MF59-adjuvanted,
and intradermal influenza vaccines in the elderly. Clin Vaccine Immunol
2014;21:989–96.

[39] Camilloni B, Basileo M, Di Martino A, Donatelli I, Iorio AM. Antibody responses
to intradermal or intramuscular MF59-adjuvanted influenza vaccines as

http://dx.doi.org/10.1016/j.vaccine.2016.09.008
http://dx.doi.org/10.1016/j.vaccine.2016.09.008
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0010
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0010
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0015
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0015
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0020
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0020
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0020
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0025
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0025
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0025
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0030
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0030
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0030
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0030
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0035
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0035
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0035
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0040
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0040
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0040
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0045
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0045
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0045
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0050
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0050
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0050
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0055
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0055
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0055
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0060
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0060
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0060
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0065
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0065
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0065
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0070
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0070
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0070
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0070
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0075
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0075
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0075
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0075
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0075
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0080
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0080
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0080
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0080
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0085
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0085
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0085
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0085
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0090
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0090
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0090
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0090
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0095
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0095
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0095
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0100
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0100
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0100
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0100
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0105
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0105
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0105
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0110
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0110
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0110
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0110
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0115
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0115
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0115
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0115
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0120
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0120
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0120
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0120
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0125
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0125
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0130
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0130
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0135
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0135
http://www.cardiff.ac.uk/racdv/resgov/Resources/EMA%20CFPMP.pdf
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0145
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0145
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0145
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0145
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0150
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0150
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0150
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0155
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0155
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0155
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0155
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0160
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0160
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0160
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0160
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0165
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0165
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0165
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0165
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0165
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0170
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0170
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0170
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0170
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0175
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0175
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0175
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0175
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0180
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0180
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0180
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0185
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0185
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0185
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0185
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0190
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0190
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0190
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0190
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0195
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0195


5272 Y. Levin et al. / Vaccine 34 (2016) 5262–5272
evaluated in elderly institutionalized volunteers during a season of partial
mismatching between vaccine and circulating A(H3N2) strains. Immun Ageing
2014;11:10.

[40] Wijnans L, Voordouw B. A review of the changes to the licensing of influenza
vaccines in Europe. Influenza Other Respir Viruses 2016;10:2–8.

[41] Levandowski RA, Gross PA, Weksler M, Staton E, Williams MS, Bonelli J. Cross-
reactive antibodies induced by a monovalent influenza B virus vaccine. J Clin
Microbiol 1991;29:1530–2.
[42] Clark TW, Pareek M, Hoschler K, Dillon H, Nicholson KG, Groth N, et al. Trial of
2009 influenza A (H1N1) monovalent MF59-adjuvanted vaccine. N Engl J Med
2009;361:2424–35.

[43] Young F, Marra F. A systematic review of intradermal influenza vaccines.
Vaccine 2011;29:8788–801.

[44] Chi RC, Rock MT, Neuzil KM. Immunogenicity and safety of intradermal
influenza vaccination in healthy older adults. Clin Infect Dis 2010;50:1331–8.

http://refhub.elsevier.com/S0264-410X(16)30804-0/h0195
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0195
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0195
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0200
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0200
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0205
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0205
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0205
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0210
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0210
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0210
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0215
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0215
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0220
http://refhub.elsevier.com/S0264-410X(16)30804-0/h0220

	A phase 1, open-label, randomized study to compare the immunogenicity and safety of different administration routes and doses of virosomal influenza vaccine in elderly
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Study design
	2.3 Vaccines
	2.4 Clinical evaluations
	2.4.1 Sample collection
	2.4.2 Safety assessments
	2.4.3 Immunogenicity assessments


	3 Statistical methods
	3.1 Sample size determination
	3.2 Statistical analyses
	3.3 Analysis set

	4 Results
	4.1 Safety
	4.2 Immunogenicity
	4.2.1 Seroconversion rate
	4.2.2 Seroprotection rate
	4.2.3 GMT fold increase


	5 Discussion
	6 Conclusions
	Registration
	Study support
	Previous presentation
	Conflicts of interest
	Author contributions
	Acknowledgments
	Appendix A Supplementary material
	References


