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In the present study we first compare immunogenicity against vaccine and heterologous circulating A(H1N1)pdm09
strains, tolerability and safety of intradermal Intanza® 15 g and of virosomal adjuvanted, intramuscularly delivered
influenza vaccine, Inflexal’ V, in healthy elderly volunteers.

Five-hundred participants were enrolled in the study and randomly assigned to the two vaccine groups to receive ei-
ther one dose of Intanza” 15 g or Inflexal” V vaccine. All subjects reported solicited local and systemic reactions occurred
within 7 d after vaccination and unsolicited adverse events up to 21 d post-immunization and any serious adverse event
appeared during the study. A subset of 55 participants was randomly selected for immunogenicity and cross-protection
evaluations. Serum samples were collected before and 1 and 3 mo after immunization. Antibody responses were mea-
sured using hemagglutination inhibition (HI) against all viruses used in the study and neutralization (NT) assays against
A(HINT)pdmO09 strains.

At least one of the CHMP criteria for influenza vaccine approval in the elderly was met by virosomal vaccine against all
the tested viruses; intradermal vaccine met all criteria against all strains. Several parameters of immune response against
strains with a different antigenic pattern from that of vaccine A/California/04/09(H1N1)pdm09 were significantly higher

in the intradermal vaccine group compared with the virosomal group.
Safety and systemic tolerability of both vaccines were excellent, but injection site reactions occurred significantly

more frequently in the intradermal vaccination group.

Immunogenicity of Intanza® 15 g intradermal vaccine tended to be higher than that of Inflexal” V against heterolo-

gous strains in healthy elderly.

Introduction

Influenza vaccination still remains the best prevention strategy to
reduce the burden of the disease in people at high risk of severe
influenza or associated complications, including elderly people,
but some limitations of influenza vaccine are well known, affect-
ing vaccine effectiveness and limiting its compliance.

First, immunosenescence may importantly affect immune
response to influenza vaccination in the elderly, by impairing both
innate and adaptive immunity and reducing antibody response
to vaccine components.”?> Antibody responses to influenza
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vaccination have been estimated to be 2—4 fold lower in adults
aged = 58 y than in younger individuals and the efficacy of vac-
cines decreases with age: the seroprotection rate against influenza
virus strains is only 29-46% in subjects aged = 75 y, compared
with 41-58% in subjects aged 6074 y.*¢

Second, antigenic drift, the process consisting in frequent
amino acid changes at the antigenic sites of influenza viruses,
results in virus strains that are no longer effectively neutralized
by host antibodies developed by previous vaccination containing
parental viruses. Antigenic drift causes an increased susceptibil-
ity of vaccinated subjects against circulating viruses. This event
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has important implications especially in older people: as observed
by many Authors, the decrease in immunogenicity against circu-
lating drifted strains elicited by influenza vaccination is dramatic
in older people or in subjects with chronic diseases, determin-
ing a wide impact in terms of complications, hospitalizations and
deaths. "

Finally, another aspect that heavily affects influenza vaccine
diffusion and uptake is its sub-optimal tolerability and accept-
ability. A well-established barrier to influenza immunization is
a general lack of patient acceptance of traditional intramuscu-
lar vaccination: recent studies have demonstrated that the most
common reasons for missing previous vaccinations are fear of
adverse events, bothered by pain during injection and dislike for
injections or needles, and that other ways of vaccine administra-
tion were considered to be an encouraging alternative to imple-
ment vaccination against influenza.'*"

For all these reasons, new vaccines providing (1) a robust, effec-
tive and protective antibody response in patients with impaired
innate and adaptive immunity, such as older people or patients
with chronic diseases, (2) a broader and cross-reactive immune
response against drifted influenza variants and (3) an excellent
safety, tolerability and acceptability profile are urgently needed.
Among several strategies explored to enhance immunogenicity
of plain - subunit and split - vaccines, the use of adjuvants (i.e.,
MF59®), or carriers, (i.e., virosome), have led to licensed vaccines
in Europe, while intradermal administration of influenza vaccine
has emerged as a promising option, thanks to the recent avail-
ability of a new delivery device. Both MF59®- and virosomal-
adjuvanted influenza vaccines were introduced into the market
in 1997 and licensed for adults over the age of 64 and for all age
groups, respectively. Intanza® 15 pg is the first intradermal influ-
enza vaccine to be licensed for use in older people (> 60 y of age);
it received marketing authorization in the European Union in
2009 for use in adults = 60 y of age. Clinical studies in older peo-
ple have shown that Intanza® 15 g is more immunogenic than
the standard intramuscular vaccine when the immune response
was evaluated against the strains included in the vaccine com-
position.?*?! A recent study by Van Damme et al. showed that,
in elderly volunteers, immunogenicity and safety of Intanza® 15
g are largely comparable with those of a subunit vaccine adju-
vanted with MF59® and administered intramuscularly.?> To our
knowledge, comparison between Intanza® 15 pg and other non-
conventional licensed influenza vaccines are lacking,.

In the present study, we first compare the safety, tolerability
and immunogenicity profiles of Intanza® 15 pg and of virosomal
intramuscularly delivered vaccine, Inflexal® V, in older people
and explored the persistence of antibody responses and the abil-
ity of the two vaccines to elicit an effective antibody response
against circulating A(HIN1)pdm09 viruses presenting different
antigenic patterns compared with that of vaccine strain.

Results
Participants. A total of 500 participants were enrolled in the

study, 250 per vaccine group. Clinical diary for safety and reac-
togenicity assessments reporting solicited local and systemic

592 Human Vaccines & Immunotherapeutics

reactions within 7 d after vaccination and unsolicited adverse
events within 21 d after vaccination were available for 227
(90.8%) participants in the intradermal group and 200 (80.0%)
participants in the virosomal group.

A subset of 55 participants were selected for immunogenicity
and cross-protection assessments: 28 and 27 subjects were ran-
domly assigned to receive intradermal and virosomal vaccine,
respectively. Blood samples for immunogenicity evaluation were
available from 55, 47 (24 and 23 belonging to the intradermal and
virosomal vaccine group, respectively) and 39 (20 and 19 belong-
ing to the intradermal and virosomal vaccine group, respectively)
subjects before, 1 mo and 3 mo after immunization, respectively.

The two groups are comparable in terms of age (mean + SD
76.9 £ 8.4 and 75.3 = 7.7 y in intradermal and virosomal group,
respectively): 12 subjects belonged to the 60-69 y age group (6
for each vaccine arm), 27 to the 70-79 y age group (13 for intra-
dermal and 14 for virosomal) and 16 to the > 79 y age group (9
for intradermal and 7 for virosomal).

Safety and reactogenicity. Safety and tolerability results are
summarized in Table 1. Higher incidence of at least one solicited
local reaction within seven days after immunization was reported
in intradermal vaccine recipients compared with subjects receiv-
ing virosomal vaccine. Erythema, induration, pruritus and swell-
ing were significantly more common with intradermal rather
than virosomal vaccination, whereas the incidence of pain and
ecchymosis were comparable. Most of the solicited injection-site
reactions were of mild intensity. Less than 4% of the participants
in each group reported reactions of moderate or severe intensity
with comparable incidence in both vaccine groups. The incidence
of solicited systemic reactions was similar in both the intradermal
and virosomal vaccine groups.

No unsolicited adverse events occurred within 30 min of vac-
cination in either group. During the 21 post-vaccination days, 6
patients reported unsolicited adverse events: 2 cases (i.e., influ-
enza-like illness and upper respiratory tract infection without
fever) occurred in the intradermal group, and 4 (i.e., influenza-
like illness, asthenia, phlebitis, and urogenital infection) in the
virosomal group. No participants reported serious adverse events
in the 6 mo following vaccination.

Immunogenicity and cross-protection. Antibody response 1
and 3 mo after immunization with intradermal and virosomal
vaccine, determined using HI and NT assays, are summarized in
Tables 2 and 3, respectively.

In Table 2, HI immune response against A/
Genoa/89/11(HIN1) is not reported, because the virus showed a
reduced ability to agglutinate guinea pig red cells. The use of red
blood cells from chickens and humans did not increased agglu-
tination ability.

At least one of the CHMP criteria for influenza vaccine
approval in older people was met by both vaccines against all of
the viruses tested, as requested by EMA guidelines.

The CHMP MFI, seroprotection and seroconversion criteria
were met against all vaccines and circulating viruses by Intanza®
15 g, while the Inflexal® V did not elicit antibody responses that
met MFI and seroconversion criteria against B vaccine strains and
seroprotection criteria against A(HINI) and A(H3N2) vaccine
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Table 1. Safety and tolerability assessment after vaccination with intradermal and virosomal-intramuscular vaccine

Vaccine route of administration and adjuvant p-value
Intradermal Virosomal Intramuscular
Solicited injection site reactions, days 0-7 (%, 95% C.I)
At least one 43 (36-49) 20 (15-26) <0.01
Pain 13 (9-18) 12 (8-17) NS
Pruritus 20 (16-26) 5(3-9) <0.01
Erythema 33 (27-39) 7 (4-11) <0.01
Swelling 19 (14-24) 5(2-8) <0.01
Induration 25 (20-31) 7 (4-11) <0.01
Ecchymosis 6 (4-10) 5(2-8) NS
Solicited systemic reactions, days 0-7 (%, 95% C.I)
At least one 11 (7-15) 10 (7-15) NS
Fever 2 (1-4) 2 (1-4) NS
Headache 4 (2-8) 6 (3-10) NS
Malaise 5(3-9) 6 (3-10) NS
Myalgia 6 (4-10) 7 (4-11) NS
Shivering 3 (2-6) 5(3-9) NS
Unsolicited events, days 0-21 (%, 95% C.) 2 (0,88; 0,24-3,15) 4 (2,00; 0,78-5,03) NS
SAEs, days 0-180 (%, 95% C.I) 0 0 NS

strains and against circulating A/Genoa/6/11(HINI1) and A/
Genoa/24/11(H1N1) viruses.

Pre-vaccination HI titers against all viral strains were similar
in Intanza® 15 pg, and Inflexal® V groups (data not shown). Post-
vaccination HI titer, MFI, seroconversion and seroprotection
rates trended higher against all viruses in subjects who received
the intradermal vaccine both 1 and 3 mo after vaccination.
However, statistical significance of the superiority of the response
after 1 mo from vaccination was reached only for GMT against
A/Genoa/6/11(HIN1) and the seroconversion rate against the
B vaccine strain. Furthermore, post-vaccination HI titer 3 mo
after vaccination was higher in the intradermal group against the
A(H3N2) vaccine strain and against the A/Genoa/6/11(HIN1)
virus (Table 2).

Pre-vaccination NT titers against all viral strains were similar
in the Intanza® 15 pg and Inflexal® V groups with no significant
difference between vaccine groups (data not shown).

Post-immunization neutralizing antibody titers 1 mo and 3 mo
after vaccination were significantly higher in subjects immunized
with Intanza® 15 pg vaccine than in individuals receiving the
standard intramuscular vaccine against A/Genoa/6/11(HINI)
and A/Genoa/24/11(HIN1) and after 3 mo from vaccination
against A/Genoa/89/11(H1IN1). Furthermore, the proportion of
subjects reaching the NT titer = 40 was higher in the intrader-
mal group against A/Genoa/24/11(HIN1) 1 and 3 mo after vac-
cination and against A/Genoa/6/11(HIN1) when the immune
response was evaluated 1 mo after vaccination (Table 3).

HI titers at 3 mo significantly decreased compared with titers
at 1 mo against all the 3 strains included in the vaccine composi-
tion and against A/Genoa/1/11(HIN1) (p-value ranged between
0.012 and 0.001) with a difference of about one quarter of HI
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dilution (difference in titers transformed into base 2 logarithms
ranged between -0.15 and -0.33). Similarly, NT titers at 3 mo sig-
nificantly decreased compared with titers at 1 mo against HINI
vaccine strain, A/Genoa/1/11(HIN1), A/Genoa/6/11(HIN1)
and A/Genoa/89/11(HIN1) (p-value ranged between 0.05 and
< 0.001) with difference ranged between one quarter and three
quarter of NT dilution. The decrease of HI titers is significantly
less in the intradermal group when the immune response was
evaluated against H3N2 vaccine strain (-0.1 and -0.37 in 1 mo
and 3 mo after vaccination in the intradermal and virosomal
group, respectively, p-value 0.04) and A/Genoa/1/11(HINI)
(-0.1 and -0.58 in the intradermal and virosomal group, respec-
tively, p-value 0.04).

Discussion

The need for influenza vaccines that provide an enhanced
profile of immunogenicity in older people and against drifted
viruses led to the development and approval of vaccines with
adjuvants, carriers and a higher antigen content and the use
of routes of administration other than intramuscular. Data on
tolerability, safety and immunogenicity of these vaccines are
usually obtained from their comparison with subunit or split
vaccines and few data emerge from the comparison between
“enhanced” vaccines (i.e., MF59®, virosome, high dose or

intradermal vaccine). Furthermore, the advantage in terms of

higher immunogenicity offered by “enhanced” vaccines usually
derives from immune response evaluated 3—4 weeks after vac-
cination, by using HI assay and against vaccine strains. There is
poor evidence on the persistence of antibody responses, on the
cross-reactive response against circulating viruses presenting
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Table 2. Antibody response determined by using Hl assays after vaccination with intradermal and virosomal-intramuscular vaccine

Vaccine route of administration and adjuvant p-value
Intradermal Virosomal Intramuscular
Geometric Mean Titer T mo post-vaccination
A(H1N1) vaccine strain 48 (29-77) 32 (21-50) NS
A(H3N2) vaccine strain 41 (28-60) 26 (18-35) NS
B vaccine strain 131 (90-191) 93 (69-125) NS
A/Genoa/1/11(HIN1) 69 (42-115) 47 (25-87) NS
A/Genoa/6/11(H1IN1) 71.3 (40-126) 31 (19-53) <0.05
A/Genoa/24/11(H1N1) 42 (25-72) 31 (15-65) NS
Mean Fold Increase 1 mo post-vaccination
A(H1N1) vaccine strain 3.4 (1.9-5.9) 2.3(1.3-3.8)
A(H3N2) vaccine strain 2.9(1.8-4.8) 2.1(1.4-3.)
B vaccine strain 2.7 (1.5-4.9) 1.5 (1-2.3)
A/Genoa/1/11(HIN1) 4.1 (2.2-7.6) 3.7 (1.8-7.6)
A/Genoa/6/11(H1IN1) 4.8 (2.3-9.7) 3.3(1.7-6.5)
A/Genoa/24/11(HIN1) 2.8 (1.5-5.5) 2.6 (1.1-6.1)
Seroconversion rate 1 mo post-vaccination (%, 95% C.l.)
A(H1NT) vaccine strain 50 (31-69) 43 (26-43) NS
A(H3N2) vaccine strain 50 (31-69) 35 (19-55) NS
B vaccine strain 46 (28-65) 0(0-14) <0.05
A/Genoa/1/11(H1N1) 63 (43-79) 43 (26-63) NS
A/Genoa/6/11(H1N1) 67 (47-82) 48 (29-67) NS
A/Genoa/24/11(H1IN1) 42 (25-61) 35 (19-55) NS
Seroprotection rate 1 mo post-vaccination (%, 95% C.I.)
A(H1NT) vaccine strain 63 (43-79) 57 (37-74) NS
A(H3N2) vaccine strain 71 (51-85) 48 (29-67) NS
B vaccine strain 100 (86-100) 100 (86-100) NS
A/Genoa/1/11(H1N1) 79 (60-91) 70 (49-84) NS
A/Genoa/6/11(HIN1) 79 (60-91) 52 (33-71) NS
A/Genoa/24/11(H1N1) 75 (55-88) 52 (33-71) NS
Geometric Mean Titer 3 mo post-vaccination
A(H1N1) vaccine strain 39 (22-67) 26 (17-40) NS
A(H3N2) vaccine strain 36 (24-55) 19 (14-27) <0.05
B vaccine strain 130 (81-209) 93 (65-132) NS
A/Genoa/1/11(H1N1) 59 (30-115) 30 (16-56) NS
A/Genoa/6/11(HIN1) 72 (34-152) 23 (14-38) <0.05
A/Genoa/24/11(H1N1) 41 (23-76) 31 (14-67) NS
Seroprotection rate 3 mo post-vaccination (%, 95% C.I.)
A(H1NT) vaccine strain 45 (26-66) 47 (27-68) NS
A(H3N2) vaccine strain 60 (39-78) 32 (15-54) NS
B vaccine strain 95 (76-99) 100 (83-100) NS
A/Genoa/1/11(HIN1) 70 (48-86) 53 (32-73) NS
A/Genoa/6/11(HIN1) 70 (48-86) 47 (27-68) NS
A/Genoa/24/11(H1N1) 75 (53-89) 58 (36-77) NS
different antigenic patterns compared with that of vaccine In this study, for the first time we used HI and NT assays

strains and the functional potential of antibodies induced by to compare immune response 1 and 3 mo following vaccina-
these vaccines. tion in subjects immunized with intradermal and virosomal
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Table 3. Antibody response determined by using NT assays after vaccination with intradermal and virosomal-intramuscular vaccine

Geometric Mean Titer 1 mo post-vaccination
A(H1NT) vaccine strain
A/Genoa/1/11(HIN1)
A/Genoa/6/11(H1N1)
A/Genoa/24/11(H1N1)
A/Genoa/89/11(H1NT1)

Mean fold Increase 1 mo post-vaccination
A(H1NT) vaccine strain
A/Genoa/1/11(HIN1)
A/Genoa/6/11(H1N1)
A/Genoa/24/11(H1N1)
A/Genoa/89/11(H1NT1)
Seroconversion rate 1 mo post-vaccination (%, 95% C.1.)
A(H1NT) vaccine strain
A/Genoa/1/11(HIN1)
A/Genoa/6/11(H1N1)
A/Genoa/24/11(H1N1)
A/Genoa/89/11(H1NT1)

Titer > 40 rate 1 mo post-vaccination (%, 95% C.l.)
A(H1NT) vaccine strain
A/Genoa/1/11(HIN1)
A/Genoa/6/11(H1N1)
A/Genoa/24/11(H1N1)
A/Genoa/89/11(H1N1)

Geometric Mean Titer 3 mo post-vaccination
A(H1NT) vaccine strain
A/Genoa/1/11(HIN1)
A/Genoa/6/11(H1N1)
A/Genoa/24/11(H1NT)
A/Genoa/89/11(H1NT1)

Titer > 40 rate 3 mo post-vaccination (%, 95% C.l.)
A(H1NT) vaccine strain
A/Genoa/1/11(HIN1)
A/Genoa/6/11(H1N1)
A/Genoa/24/11(H1NT)
A/Genoa/89/11(H1N1)

intramuscular-administered vaccines against homologous vac-
cine strains and heterologous A(HIN1)pdm09 viruses.

The present study showed that, in older volunteers aged = 60 y,
the immunogenicity of Intanza® 15 pg intradermal vaccine tended
to be higher than that of the Inflexal® V virosomal influenza vac-
cine, especially when the immune response was evaluated against
circulating strains with different antigenic patterns compared
with that of vaccine A/California/04/09(HIN1)pdm09. Several
parameters of immune response obtained by using HI and NT
assays 1 and 3 mo following vaccination against A/Genoa/6/11,
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Vaccine route of administration and adjuvant p-value
Intradermal Virosomal Intramuscular
28 (17-44) 19 (12-31) NS
80 (44-147) 44 (23-84) NS
90 (48-169) 37 (19-69) <0.05
49 (28-86) 20 (11-37) <0.05
35 (20-61) 20 (10-38) NS
3.5 (2-6) 2.4(1.3-4.3)
4.9 (2.3-10.5) 4(1.9-8.9)
5.8 (2.8-12) 3.9(1.8-8.1)
3.7 (1.9-7.1) 2.5(1.2-5)
4.2 (2.3-79) 2.5(1.3-5.2)
54 (35-72) 44 (26-63) NS
54 (35-72) 48 (30-67) NS
58 (39-76) 30 (16-51) NS
58 (39-76) 39 (22-59) NS
50 (31-69) 26 (13-47) NS
58 (39-76) 48 (29-67) NS
75 (55-88) 65 (45-81) NS
75 (55-88) 44 (26-63) <0.05
79 (60-91) 39 (22-59) <0.05
54 (35-72) 30 (16-51) NS
22 (13-37) 13 (8-20) NS
46 (25-85) 27 (15-48) NS
57 (30-105) 22 (12-37) <0.05
51 (27-95) 14 (10-27) <0.05
25 (14-43) 11 (7-19) <0.05
55 (34-74) 32 (15-54) NS
60 (39-78) 42 (23-64) NS
65 (43-82) 37 (19-59) NS
75 (53-89) 21 (9-43) <0.05
45 (26-66) 21 (9-43) NS

a virus belonging to the A/Christchurch/16/10(HIN1)pdm09
clade, A/Genoa/24/11, A/Genoa/89/11, the less phylogenetically
and antigenically close to the vaccine strain, were significantly
higher in intradermal vaccine group compared with the viro-
somal group.

NT I-mo and 3-mo post-vaccination GMT was 1.8-2.5 and
2.3-3.6 fold higher, respectively, in recipients of intradermal vac-
cine, against the above-mentioned circulating strains. Similarly,
post-vaccination HI GMT was 2.3 and 3.1 fold higher in recipi-
ents of intradermal vaccine, against A/Genoa/6/11 when the
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immune response was evaluated 1 and 3 mo following vaccina-
tion. The advantages offered by intradermal route of adminis-
tration were weaker when the immune response was evaluated
against the three vaccine strains: post-vaccination GMT ratio
(intradermal/intramuscular-virosomal) was about 1.5 against
all three vaccine strains both 1 mo and 3 mo following vaccina-
tion. These data are consistent with the comparison of antibody
responses against heterologous circulating H3N2 strains in adults
60 y and older elicited by Intanza® 15 pg and split vaccines.”

The decrease of antibody titers at 3 mo after vaccination com-
pared with titers at 1 mo was observed for both vaccines, but it
is less evident in the intradermal vaccine group: HI titer decrease
was significantly lower in the intradermal group for 2 out 6 tested
viruses and seroprotection EMA criteria 3 mo following vaccina-
tion was reached for 5 out 6 viruses and for 1 out 6 viruses in
intradermal and intramuscular-virosomal groups, respectively.

The safety and systemic tolerability of both vaccines were
excellent, but the local reactogenicity profile is quite different in
subjects immunized via the intradermal and intramuscular route.
In particular, injection site erythema, induration, pruritus and
swelling occurred significantly more commonly in the subjects
who received intradermal vaccination as compared with viro-
somal group. Reactogenicity was typically mild or moderate in
severity and short-lived with the majority of symptoms resolving
within 3 d. An increase in local reactions is to be expected with
injections close to the skin surface, as opposed to deep muscle
intramuscular injections, and as reported in previous studies.***
Despite the higher incidence of injection site reactions, the high
satisfaction with intradermal injection system emerged from sev-
eral studies in young adults and in older people and the good
acceptability profile of intradermal vaccine reflects the high will-
ingness to get re-vaccinated in the following season.'®7230

The present study demonstrated that the immunogenicity
of Intanza® 15 pg intradermal vaccine was superior than that
of Inflexal® V virosomal influenza vaccine, when the immune
response was evaluated against circulating strains. Several
immune response parameters obtained by using HI and NT
assays 1 and 3 mo following vaccination were higher following
the administration of Intanza® 15 g as compared with the viro-
somal intramuscular formulation, but the small sample size due
to the complexity of the assays and the number of viruses used
for the cross-reactivity evaluation did not allow to reach a final
conclusion.

The higher immunogenicity profile both against homologous
and heterologous strains and the excellent safety results, despite
the higher incidence of some injection-site reactions compared
with intramuscular vaccine, suggested that intradermal vaccina-
tion might be an appropriate strategy to address the challenge of
declining immune responses in older people.

Materials and Methods

Study design. This phase-IV, spontaneous, multicenter, ran-
domized, controlled, open-label and parallel-group study
was performed in subjects older than 60 y who were recruited
at the Department of Health Sciences, University of Genoa,
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Genoa, Italy, and at several vaccination centers of the Genoese
Local Health Unit (ASL3 Genovese), between September and
December 2010.

Subjects participating in our study were interviewed and
both a thorough medical history and physical examination were
conducted, investigating the criteria for inclusion and exclusion.
All subjects were randomly assigned to the two vaccine groups
at a ratio of 1:1 to receive either one dose of Intanza® 15 pg or
Inflexal® V vaccine. In order to evaluate safety and tolerability, all
subjects were asked to report on clinical diaries the solicited local
and systemic reactions occurring within 7 d after vaccination and
unsolicited adverse events (AE) up to 21 d post-immunization
and any serious adverse event (SAE) appeared in the 6 mo after
vaccination. Local (pain, erythema, swelling, induration, ecchy-
mosis, pruritus) and systemic (fever [rectal equivalent tempera-
ture = 38.0°C], headache, malaise, myalgia, shivering) reactions
were directly monitored by the investigator physician immedi-
ately after immunization (observation for 30 min) and recorded
by the patient, starting from the day of immunization and for the
following 6 d, by completing the appropriate clinical diary. The
same diary was used to report AEs and SAEs.

The immunogenicity profile against vaccine and circulating
A(HIN1)pdm09 strains and the persistence of antibody responses
was evaluated in a subgroup of participants. Serum samples were
collected immediately before and 1 (28 + 2 d) month and 3 (90
+ 7 d) months after immunization. All sera were stored at -20°C
before testing.

The study was approved by the Ethic Committee of “San
Martino” University Hospital and of ASL3 Genovese, and
was conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice. All participants gave written
informed consent before enrolment. The study was registered at
EUDRACT with the follow trial code: 2009-014637-24.

Inclusion and exclusion criteria. All participants were aged
more than 59 y (= 60 years). Exclusion criteria included: sys-
temic hypersensitivity to egg or chicken proteins or any of the
vaccine constituents, acute febrile illness (temperature = 37.5°C)
at the time of enrolment, any vaccination within the previous 4
weeks or planned vaccination within the 6 mo following vaccina-
tion, current abuse of alcohol or drug addiction, seasonal influ-
enza vaccination in the previous 6 mo with vaccines object of
the study or other influenza vaccines and unstable chronic illness
that could interfere with the conduction or completion of the
study. Subjects with high-risk medical conditions for influenza
infection were not excluded, provided they met the above criteria.

Vaccines. Both vaccines used in the present study were formu-
lated according to the WHO recommendations for the 2010-2011
Northern Hemisphere influenza season: A/California/7/2009
(HIN1)pdm09-like, A/Perth/16/2009 (H3N2)-like and B/
Brisbane/60/2008-like strains.

The intradermal vaccine (Intanza® 15 g; Sanofi Pasteur,
Lyon, France) is an inactivated, split-virion influenza vaccine
containing 15 pg HA/strain per 0.1-ml dose and was adminis-
tered in the deltoid region using a pre-filled intradermal micro-
needle injection system (Soluvia™, Becton Dickinson; Franklin
Lakes, NJ, USA), designed to provide an easy-to-perform,
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viruses and post-infection ferret sera.

Figure 1. Molecular and serological characterization of influenza strains used in the study. Phylogenetic tree based on sequence analysis of the region
codifying for the globular head region of haemagglutinin of strains used in the study, amino acid mutations onto-antigenic sites with respect to vac-
cine A/California/04/09(H1N1)pdm09 strain and serological characterization of isolated and reference viruses, performed with the Hl test using whole

reliable and safe intradermal vaccination.?*? The virosomal
adjuvanted vaccine (Inflexal® V; Crucell, Switzerland) is an
inactivated, subunit influenza vaccine containing the standard
dosage of 15 wg HA/strain in each 0.5 ml dose and was injected
intramuscularly into the deltoid muscle using a 25mm-long
needle.

Immunogenicity assessments. Antibody responses before and
1 and 3 mo after immunization were measured using hemagglu-
tination inhibition (HI) against all viruses used in the study and
neutralization (NT) assays against A(HIN1)pdm09 strains, in
line with the WHO guidelines and standardized methods of our
laboratory, respectively.”*¢ Guinea pig red blood cells were used
in the HI assay. All samples were assayed twice.

Antibody titers were expressed as the reciprocal of the last
serum dilution showing hemagglutination. Immunogenicity
results from the HI assay were reported as: geometric mean titers
(GMT), mean-fold increase (MFI; ratio of post- to pre-vaccina-
tion titers), seroconversion rates (percentage of subjects with a
4-fold increase in HI antibody titers after 1 mo after vaccination,
providing a minimal post-vaccination titer of 40), and seropro-
tection rate (the percentage of subjects achieving an HI titer 2
40). Since there are no established immune correlates for neu-
tralization, in that analysis we assessed GMT, the proportion of
subjects showing seroconversion (a 4-fold or more increase in the
antibody titer) and a microneutralization titer of 40 or more. The
results from the HI assay were evaluated against the Committee
for Medicinal Products for Human Use (CHMP) criteria for
approval of influenza vaccines in older people, which require that
at least one of the following criteria be met: MFI > 2; seroprotec-
tion rate > 60%, or seroconversion rate > 30%.%'

Viruses used for cross-protection assessments. Antibody
responses elicited by intradermal and virosomal-adjuvanted vac-
cines have been evaluated also against four A(HIN1)pdm09 cir-
culating strains isolated during the 2010/2011 influenza season,
selected because they presented a different antigenic pattern.

www.landesbioscience.com

Figure 1 shows the phylogenetic tree based on the sequence
analysis of the region codifying for the globular head region
of haemagglutinin of the strains used in the study, amino acid
mutations onto antigenic sites with respect to the vaccine A/
California/04/09(HIN1)pdm09 strain and serological charac-
terization of isolates and reference viruses, performed with the
HI test using whole viruses and post-infection ferret sera.

A/Genoa/01/11
est one to the vaccine strain showing an HA sequence identi-
cal to that of A/Fuzhou/1/09, the reference strain of clade 7,
and amino acid changes onto antigenic sites in position 100
(P100S), 214 (T214A) and 220 (S220T) as compared with the
A/California/04/09(HIN1)pdmO09 strain. A/Genoa/06/11 pre-
sented three more amino acid mutations, in position 111 (DI111E),
142 (N142D) and 189 (E189D), showing an antigenic and
molecular pattern close to that of A/Christchurch/16/10(HIN1)
pdm09. A/Genoa/24/11 differs from A/Genoa/01/11 only for one
mutation in position 114 (D114N). A/Genoa/89/11 is the least
phylogenetically and antigenically close to the vaccine strain, due
to amino acid changes in position 100 (P100S), 114 (D114N),
155 (H155Q), 214 (T214A), 220 (S220T), 222 (R222K) and
233 (I233V) as compared with the A/California/04/09(H1NI)
pdmO09 strain. At antigenic characterization, A/Genoa/89/11
showed a 2-fold decrease of the HI titer with respect to that
against homologous vaccine strain.

appeared as the phylogenetically clos-

Statistical analysis. The method used to calculate a con-
fidence interval for a proportion was the Wilson score method
without continuity correction. Comparisons of rates between
IM and ID vaccine groups were analyzed using Fischer’s exact
test. The comparison of post-vaccination titers transformed into
binary logarithms was analyzed using the Wilcoxon test. The
comparison of titers between different timing was performed
using the matched pair test. Other immunogenicity and safety
variables were summarized with descriptive statistics.
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