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Impact of Antigenic Drift

Influenza remains a significant problem for global health in terms 
of mortality and economic burden. Seasonal epidemics affect 
5–15% of the world population and cause 3 to 5 million severe 
cases and more than 500,000 deaths per year.1 The influenza 
virus is able to elude the immune defenses developed by indi-
viduals as a result of previous infections or vaccination due to the 
continuous accumulation of points mutations on genes encoding 
the two surface proteins, hemagglutinin (HA) and neuramini-
dase (NA), through the gradual evolutionary mechanism known 
as antigenic drift.2,3 Antigenic drift occurs in all human viral 
types/subtypes, although different types/subtypes show specific 
pattern. Influenza A(H1N1) and B viruses showed low evolution-
ary pattern and different lineages tend to co-circulate favoring 
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Antigenic drift, the evolutionary mechanism of influenza 
viruses, results in an increased susceptibility of vaccinated 
subjects against circulating viruses. New vaccines able to 
grant a broader and cross-reactive immune response against 
drifted influenza variants are needed. Several strategies were 
explored to enhance the immunogenicity of plain vaccines: 
adjuvants, carriers and intradermal administration of influenza 
vaccine emerge as promising options. To evaluate the ability 
of a MF59™-adjuvanted and intradermal influenza vaccine 
to elicit an effective antibody response against circulating 
viruses presenting antigenic patterns different from those of 
the vaccine strains, we compared antibody responses elicited 
by “implemented” vaccines and conventional intramuscular 
trivalent inactivated vaccines against heterologous circulating 
influenza A viruses. Different studies, simulating different 
epidemiological pictures produced by the natural antigenic 
drift of seasonal influenza viruses, highlighted the superior 
cross-reactivity of the antibodies elicited by MF59™ and 
intradermal vaccines, compared with subunit or split vaccines 
against heterologous viruses.
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the re-emergence of previously circulating strains. Influenza 
A(H3N2) viral subtype undergoes antigenic changes more fre-
quently, allowing the replacement of the old lineages with new 
drifted variants. Mutations occurs more frequently on 5 anti-
genic sites (A, B, C, D, E), that have been identified on the main 
antigenic determinant, the HA1 domain of HA.4-6 Furthermore, 
children and elderly often do not produce antibodies against all 5 
sites, facilitating the emergence of escape mutants.7

It is well documented that the appearance on the epidemio-
logical scene and the circulation of drifted variants, especially of 
drifted A/H3N2 strains, resulted in increased disease burden.8,9 
The circulation of the drift variant A/Sydney/5/97 during 1997–
1998 influenza season caused severe outbreaks in Europe and the 
US.10,11

In the early 2000s, the antigenic evolution of A(H3N2) virus 
has moved away from A/Sydney/5/1997-like that predominated 
in 1998 and has gone through two main drift that led to as many 
epidemics: the spread of influenza A/Fujian/441/2002 in Europe 
during the 2003–2004 influenza season and the appearance of 
A/California/7/2004 virus variant that predominated in 2004 
and 2005.12,13 More recently, the circulation of two H3N2 drifted 
variants A/HongKong/2121/2010 and A/Victoria/208/2009, 
despite the few nucleotide differences from the vaccine strain A/
Perth/16/2009, were responsible of several outbreaks in Canada 
also among vaccinated people. The need for a perfect matching 
between the virus strains included in the vaccine and the cir-
culating strains together with the great variability of influenza 
viruses required an active surveillance to continuously monitor 
the epidemiological picture and update the vaccine composi-
tion.14 WHO established the global influenza network in 1952 in 
order to conduct active surveillance for antigenic characterization 
of circulating influenza viruses, to monitor antigenic drift and 
the emergence of new viral strains and to choose the composition 
of the annual vaccine. The efficacy of the vaccine depends on a 
good match between vaccine and circulating strains. The occur-
rence of antigenic mismatch between vaccine and circulating 
strains may result in a reduction of immunogenicity vs. the circu-
lating strains and of on-field effectiveness elicited by the vaccine. 
In terms of immunogenicity, drifted strains can compromise vac-
cine-induced immunity resulting in a reduction of seroprotection 
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New Potential Influenza Vaccine Options

In order to overcome the well-documented difficulties of “tra-
ditional” plain influenza vaccines to elicit a stronger immune 
response and a broader protection against heterogeneous vari-
ants, in recent years several solutions have been tested, includ-
ing (1) the use of high-dose vaccines, containing more than  
15 μg of viral haemagglutinin, (2) the use of live attenuated 
influenza vaccines, (3) the DNA vaccines, (4) the recombinant 
vaccines, presenting the main vaccine antigen in insect cells by a 
baculovirus, alphavirus, or cell-culture, (5) the use of alternative 
antigens such as the external domain of the matrix (M2) protein 
and the nucleoprotein (NP) and (6) the use of universal vaccines. 
Immunogenicity of most of these new approaches has been only 
tested against vaccine strains, while a lack of data exists about 
the cross-protection against drifted viruses offered by the new 
influenza vaccines.

Data from clinical trials demonstrated that high-dose influ-
enza vaccines elicited a stronger immune response compared 
with conventional vaccines, especially in population with weaker 
immune defenses such as persons aged 65 y or older, but no data 
exists about the ability of high-dose vaccines to elicit a broader 
immune response against drifted strains.

Experiences have been collected in several years after the intro-
duction of the live attenuated influenza vaccine (LAIV) on the 
immunogenicity of the product. In animal models, the induction 
of heterosubtypic immunity was demonstrated after the intrana-
sal administration of live attenuated influenza virus.29-31

Although the availability on the European and US markets 
from 2010 and 2003, respectively, evaluations of cross-protection 
provided by LAIV in humans have been only performed in two 
studies, involving healthy young adults and children.

Ohmit et al. reported that LAIV prevented laboratory con-
firmed influenza illnesses less efficaciously than inactivated influ-
enza vaccine, in a season in which most circulating viruses were 
dissimilar to the vaccine strains, in a population of more than 
1200 healthy adults.32 Belshe et al. compared LAIV to inactivated 
influenza vaccine in a randomized controlled multicenter study, 
demonstrating the superior efficacy of LAIV against both vac-
cine and drifted stains in the prevention of cultured-confirmed 
influenza infections.33

New promising approaches to the rapid manufacturing of 
influenza vaccines providing a strong, long lasting and extensive 
immune response are offered by DNA and recombinant vaccines.

A number of influenza genes has been assessed as potential 
DNA vaccine candidates, such as HA, NA, matrix protein (M1), 
nucleoprotein (NP) or nonstructural protein (NS1).

Vaccine with purified DNA presents several advantages: for 
example, (1) it obviates the requirement for large-scale produc-
tion of live, potentially pathogenic influenza viruses, as pandemic 
strains, and avian viruses which are too contagious to be propa-
gated in eggs, (2) it can be produced, avoiding the substantial 
contamination hazard due to selected strains with low adap-
tive capacity to eggs, and removing the need for preservatives 
containing mercury, (3) it could provide a more rapid immune 
response to a pandemic threat.34,35 In particular, the DNA 

rates [assessed as serum haemagglutination-inhibiting (HI) assay 
titers ≥ 40 IU].15-17

Several observational studies demonstrated a reduction of 
vaccine effectiveness in seasons in which a mismatch between 
vaccine and circulating strains occurred. A randomized pla-
cebo-controlled trial conducted to evaluate effectiveness and 
cost benefit of influenza vaccination of healthy working adults 
showed a strong correlation between antigenic drift and vac-
cine effectiveness decrease. The study demonstrated that during 
1997–1998, when the vaccine virus (A/Wuhan/1995) differed 
from the predominant circulating viruses (A/Sidney/05/1997), 
vaccine efficacy against serologically confirmed influenza ill-
ness was 50%, while the following influenza season, during 
which the vaccine and predominant circulating viruses were 
well matched, vaccine efficacy increased to 86%. These results 
were further confirmed by data derived from French influenza 
surveillance network, who reported vaccine effectiveness rates 
of 70–80% when a good matching exist and of 40% when a 
drifted strain emerged (i.e., during the 1997–1998 season, the 
A/H3N2/Sidney/05/1997).18-20 A case control study conducted 
in Colorado during the 2003–2004 influenza season, when the 
drifted variant A/Fujian/441/2002 appeared, showed that vac-
cine efficacy against laboratory confirmed cases was 49.1–55.9% 
against the expected 70–90% seen in years when a good match 
between vaccine and circulating strains was observed.21

In a recent study, Skowronski et al. have demonstrated that a 
reduction in vaccine effectiveness can also occur in the presence 
of drifted viruses for which an apparent good match to the vaccine 
strains has been determined by HI test. In fact, such viruses iden-
tified as A/HongKong/2121/2010 and A/Victoria/208/2009, 
circulated during 2010–2011 winter in some regions of Canada 
giving rise to several outbreaks, despite HI assay had shown a 
good match with vaccine strain A/Perth/16/2009.14

Several strategies have been proposed to address the need for 
vaccines able to ensure optimal protection against drifted strains, 
including the use of adjuvanted vaccines, universal vaccines or 
alternative modes of delivery such as intradermal (ID) or muco-
sal administration.22 The introduction of the MF59TM adjuvant 
proved to be a particularly effective solution to overcome the 
decrease in immunogenicity and effectiveness observed when a 
drifted strain circulate. A number of studies have demonstrated 
that the use of MF59TM-adjuvanted influenza vaccine enhances 
the immune response inducing higher seroprotection rates espe-
cially in elderly who are more susceptible to influenza infection.23,24 
Moreover MF59TM-adjuvanted influenza vaccines have also shown 
to elicit cross-protection against strains not included in vaccine 
composition and have the potential to confer protection against 
pandemic strains.25,26 Recently, in 2011–2012 influenza season, a 
novel ID vaccine containing 15 ug per strains administered with a 
microinjection device, has been approved for human use in Europe 
and was recommended for older than 60. Data about immunoge-
nicity have shown that ID vaccine can elicit a stronger immune 
response against the vaccine strains respect with that induced by 
split/subunit intramuscular (IM) vaccines.28 Interesting data on 
the ability of ID vaccine to induce a broader immune response are 
now available and will be described in the present review.
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encoding H1N1 HA vaccine and boosted with seasonal vaccine 
or with replication-defective adenovirus 5 (rAd5) encoding HA.

Moreover, this approach conferred cross protection against 
H1N1 drifted strains in non-human primates providing the basis 
for the future development of an universal vaccine for human.48

The literature shows a low attention for universal influenza 
B vaccine because an highly conserved domain of M2 protein 
does not exist. About it a preclinical animal model conducted by 
Bianchi et al. demonstrated that using HA0 precursor of the viral 
HA, epitope widely conserved, as vaccine antigen, high immuno-
genicity and reduction in viral replications in the lower respira-
tory tract can be obtained.49

Alternative strategies demonstrating to improve immune 
response against influenza drifted strains are represented by adju-
vanted vaccines and ID vaccines.

Data about the ability of these products to enhance antibody 
response and improve vaccine effectiveness are reported in several 
study discussed in the following paragraphs.

MF59TM-Adjuvanted Vaccines

Vaccines with the oil-in water emulsion adjuvant called MF59™ 
certainly represented a revolution in the field of influenza vaccine 
when it appeared in 1997.50

The MF59™ adjuvanted vaccine consists of influenza anti-
gens and oil-in-water adjuvant emulsion composed of squalene 
(5% v/v), polysorbate 80 (TweenTM 80, 0.5% v/v) and sorbitan 
trioleate (SpanTM 85, 05% v/v), transformed into small uniform 
droplets after emulsified in a microfluidizer under high pressure 
conditions.51

As previously pointed out, squalene is a biodegradable and bio-
compatible compound; in humans, it is precursor of cholesterol 
and play an important role in the synthesis of steroid hormones and 
Vitamin D; moreover, it has been demonstrated that the adminis-
tration of MF59TM-adjuvanted subunit influenza vaccines did not 
elicit a specific humoral response against squalene.52-54

In 1997, the first MF59™ adjuvanted vaccine has been 
licensed for human use and registered in Europe for use in adults 
≥ 65 y old for seasonal influenza vaccine and furthermore, consis-
tent preclinical, clinical and post-marketing experience on the use 
of MF59TM adjuvanted pandemic vaccine has been accumulated 
in the last decade both against avian A(H5N1) and A(H1N1)
pdm 09.

Numerous clinical studies, involving elderly, adults with 
chronic diseases, immunocompromised patients and, recently, 
healthy children, demonstrated the advantages offered by 
MF59™ adjuvanted seasonal vaccine in terms of immunogenic-
ity, compared with conventional not adjuvanted influenza vac-
cines (Fig. 1).25,51,55-59

Even though the safety and tolerability of the MF59™-
adjuvanted subunit influenza vaccines was repeatedly put on 
the table due to the “mass mediatic” pressure for the presence of 
squalene in the vaccine composition, safety profile is acceptable 
and serious AEs occur with expected frequencies.60

More than 50,000 individuals, including elderly, adults and 
children, were enrolled in several phase I-IV clinical trials that 

vaccine manufacturing process could shorten the period between 
the recommendations of vaccine strains and the seasonal influ-
enza epidemics, potentially avoiding the occurrence of antigenic 
mismatch.

The scientific literature accounts that DNA vaccine induces 
protection in several species, enhances efficacy against both 
homologous and heterologous challenge -protection will be 
maximized when the vaccine and challenge viruses are evolu-
tionarily close-, in particular it is clear, from animal studies, that 
DNA immunization with the NP of influenza A provides het-
erotypic immunity between different subtypes of influenza A in  
mice.35-39 In addition, in ferrets immunized with particle-medi-
ated epidermal delivery (PMED) of single HA influenza DNA 
vaccine, cross-reactive antibodies with drifted viruses have been 
observed. Some studies demonstrate that matching NA and 
HA genes in an influenza DNA vaccine can broaden immune 
responses, conferring better protection against drifted variants 
than an HA DNA vaccine alone.

To enhance the DNA vaccine effectiveness, in the past 20 y 
several approaches have been explored, such as codon optimi-
zation (H-2Kd-restricted epitope of listeriolisyn 0), targeting 
technologies, alternative promoters (CMV, SV40), insertion 
of antigen subcellular targeting systems, plasmid backbone 
refinements and genetic adjuvants (AdvaxTM, a polysaccharide 
nanoparticle; CpG oligo; cytokines and chemokines expressed 
from plasmid DNA; MHC CIITA, regulator of MHC class II 
expression co-administrated with HPV16 E6 DNA and CIITA 
DNA; RIG-I, retinoic acid- inducible gene I; MAVS, mitocho-
drial protein forming prion-like aggregate).40-44

Since the influenza viruses mutate frequently, the virus strains 
for new vaccine production require continuous manufacturing 
update, in order to be antigenically well-matched to the circulat-
ing strains. For this reason, a vaccine shaped on invariant regions 
of the virus, providing broadly cross-reactive protection could 
represent a long-sought goal, particularly for emerging pandem-
ics. Thanks to scientific research developed in recent years, new 
promises emerged on the world scene, such as the use of univer-
sal vaccines that represent good candidates to achieve this result. 
Data presented by Jimenez et al. showed, in mice, that highly 
conserved influenza genes NP and M2 inserted in a plasmid 
DNA vaccine and their combination increased protection against 
significant viral challenge.45

Matrix protein 2 (M2) represents a possible candidate for 
universal vaccine, being highly conserved in all human influenza 
A strains. Although it could be a potential good vaccine target, 
several study demonstrated its poor antigenicity and immuno-
genicity, tied to its low molecular-weight (24 amino acids).46 A 
study conducted by Hikono et al., reported that the recombinant 
containing an M2 gene derived from an H5N1 avian influenza 
virus could induce a cross-reactive antibody response to M2e in 
pigs, furthermore evaluated the protective efficacy of this vac-
cine in a mouse model after challenge with a heterologous H3N2 
influenza virus.47

Recently, Wei et al. reported an high production of neutral-
izing influenza antibodies directed against the conserved stem 
region of HA in mice and ferrets primed with a plasmid DNA 
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either a single dose of MF59TM-adjuvanted subunit influenza vac-
cine or a not adjuvanted subunit influenza vaccine.

As shown in Figure 1 during the last decade different stud-
ies demonstrated the higher immunogenicity of MF59™-
adjuvanted vaccines against both circulating and vaccine strains.

Our results are consistent with other findings reported by 
other authors during the last years.17,60,64-67

The advantage offered by MF59™, in terms of higher 
immunogenicity, was seen against viruses showing antigenic 
and molecular pattern that are indistinguishable from the vac-
cine strain, but it became even more evident when the antigenic 
and molecular distance between vaccine and circulating strains 
increased.

MF59™ emerges as a valid approach to adequately respond 
to the pandemic threat, thanks to its demonstrated abilities to 
elicit a strong and persistent immunological memory, to stimu-
late H5N1 cross-clade neutralizing antibodies and to promote 
cell-mediated immune responses that can be boosted at least 6 
y following priming with a pre-pandemic strain.68 It has been 
demonstrated that subjects who initially received a MF59™-
adjuvanted pre-pandemic vaccine developed higher cross-reactive 
immune responses, compared with the not adjuvanted vaccine. 

demonstrated no significant trend for increased reactogenicity; 
tolerability of MF59TM-adjuvanted subunit influenza vaccines 
was compared with conventional not-adjuvanted subunit and 
split vaccines and both local and systemic reactions were taken as 
mild and transient solving naturally.25,59,61,62

The cross-reactivity against drifted influenza virus strains rep-
resents a demonstrated property of MF59™-adjuvanted subunit 
influenza vaccines, compared with seasonal formulations subunit 
or split currently available on the market. Recently Khurana et al. 
reported an improved expansion of protective antibody enhanced 
by inactivated influenza A(H5N1) vaccine, adjuvanted with 
MF59™.63

Our research group consistently performed clinical stud-
ies demonstrating the higher seroprotection rates offered by 
MF59™-adjuvanted subunit influenza vaccines against drifted 
strains not included in the vaccine, than that achieved with not-
adjuvanted subunit and split vaccines.

In particular, between 2004 and 2008, we evaluated the 
performance of MF59™-adjuvanted subunit influenza vaccine 
against drifted A(H3N2) variants, representing vaccine composi-
tion changes for A(H3N2) during the last decade. The studies 
involved healthy elderly subjects randomly assigned to receive 

Figure 1. Seroprotection rates (%) determined using Hi assays after vaccination with MF59-adjuvanted and “plain” vaccines, according to viral strain.
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safety and systemic tolerability profiles were excellent.79 Virosome 
adjuvant system consists of an influenza virus envelope devoid of 
inner core and genetic information, with the influenza virus sur-
face antigens neuraminidase and hemagglutinin integrated into 
phosphatidylcholine bilayer liposomes.80 Virosomal influenza 
vaccines demonstrated to induce antibody titers comparable to 
the not-adjuvanted, IM, split/subunit vaccines, against vaccine 
homologous strains. Only one study evaluated the performances 
of virosomal influenza vaccine against circulating viruses that 
did not have a good match with vaccine strains, due to anti-
genic drift. Baldo et al. assessed the immunogenicity of three 
inactivated influenza vaccines, a MF59™-adjuvanted subunit 
vaccine, a virosomal vaccine and a split vaccine, against homolo-
gous and heterologous strains of elderly nursing home residents 
with chronic underlying conditions. Results showed that simi-
lar seroprotection rates against the B drifted strain were induced 
by the three vaccine groups, but virosomal vaccine elicited lower 
seroprotection rates against both A strains, as compared with 
MF59™-adjuvanted vaccine81 (Fig. 2).

Intradermal Vaccines

Adjuvants remain one of the most widely used strategies to 
enhance the immune response of influenza vaccines, but alter-
native routes of administration, such as ID, have been deeply 
studied, in order to meet the need for more immunogenic and 
effective vaccines.

Vaccination via ID route involves the administration of the 
antigen into the dermal layer of the skin. Because of the high 
concentration of specialized immune cells in this skin layer and 
their ability to effectively stimulate an immune response, ID vac-
cination provides direct and efficient access to the immune sys-
tem.82,83 The principal immune target of ID vaccination is the 
dermal population of specialized dendritic cells, expressing high 
levels of class II MHC and CD1 molecules, such as Langerhans 
cells and macrophages infiltrating dermis tissue, resident or 
recruited from circulating blood.

The availability of a microinjection system (BD SoluviaTM, 
Becton, Dickinson and Co.) allows the ID vaccine administra-
tion, combining simplicity, safety and ease of use and supplying 
direct and efficient access to the immune system.

Three ID vaccine formulations with two different antigen 
contents were marketed: IntanzaTM 9 mg and FluzoneTM ID, 
approved for adults 18 through 59 y in Europe and 18 through 

A strategy that involves a priming with MF59™-adjuvanted H5 
antigen would result in a long-lasting immune memory that can 
be rapidly mobilized by a booster dose of a distinct H5 vaccine, 
in order to provide broad heterologous cross-protection.26,27,69,70

Despite the excellent results obtained evaluating the immu-
nogenicity, we have only few data demonstrating the improved 
effectiveness for influenza prevention and its complications 
provided by MF59™-adjuvanted vaccine in elderly. Recently, 
Mannino et al., in a prospective, observational, population-based 
cohort study, throughout 3 vaccination seasons (2006–2007, 
2007–2008 and 2008–2009), demonstrated that vaccination 
with MF59™-adjuvanted trivalent inactivated vaccine reduced 
the risk of hospitalization for influenza or pneumonia (without 
positive laboratory confirmation of influenza virus) in the elderly, 
during the peak of influenza season by 25% relative to vaccina-
tion with plain trivalent inactivated vaccine.71 The epidemiologi-
cal picture observed during the study period was characterized 
by both good and partial mismatch, although Mannino et al. did 
not evaluate the effectiveness according to the pattern of circulat-
ing viruses.

AS03-Adjuvanted Vaccines

AS03 is a novel adjuvant system consisting of a 10% (by volume) 
oil-in-water based emulsion and containing 5% dl-α-tocopherol 
and 95% squalene, and the aqueous phase with 2% of the non-
ionic detergent polysorbate 80 (TweenTM 80). This emulsion-
based adjuvant system has been used for the development of a 
candidate A(H5N1) pre-pandemic influenza vaccine containing 
3.75 μg HA of the strain A/Vietnam/1194/2004 NIBRG-14, 
recommended as a prototype pandemic influenza vaccine strain.72

AS03 adjuvant has been recently adopted in the licensed for-
mulation of a A(H1N1)pdm 09 vaccine, using a 3.75 μg anti-
gen dosage.73 Different studies showed a cross-reactive, persistent 
antibody response against heterologous viral strains elicited by 
pre-pandemic vaccine adjuvanted with AS03 system,74-78 but a 
complete evaluation of this formulation is required in young chil-
dren, elderly and individuals with chronic disease.

Virosomal Vaccines

Virosomal-adjuvanted influenza vaccines were introduced into 
the European market in 1997 and licensed for all subjects aged 
6 mo and older; more than 41 million doses were sold and the 

Figure 2. Seroprotection rates (%) determined using Hi assays after vaccination with virosome-adjuvanted and “plain” vaccines, according to viral 
strain.
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HI titer, seroconversion and seroprotection rates were higher 
against vaccine and circulating heterologous viruses for the 
IntanzaTM ID vaccine, than the IM vaccine, but statistical dif-
ference emerged by using neutralization assays (Fig. 3). In fact, 
subjects immunized with IntanzaTM 15 μg vaccine showed post-
immunization neutralizing antibody titers higher than those 
vaccinated with standard IM vaccine against five out of six virus 
strains tested.28

Recently, our research group first compared the immuno-
genicity against vaccine strains and heterologous circulating 
A(H1N1)pdm09 viruses elicited by ID IntanzaTM 15 μg and a 
virosomal adjuvanted influenza vaccine (InflexalTMV), intra-
muscularly administered. Preliminary data showed that the 
immune response conferred by IntanzaTM 15 μg was superior to 
InflexalTMV when it was evaluated against circulating strains.

The superior cross-protection ability by IntanzaTM 15 μg 
respect with split influenza vaccine emerged by our experience, 
but more extensive studies are needed to compare the potential 
of ID influenza vaccine to elicit an antibody response against 
drifted variants respect with that of adjuvanted vaccines.

The higher immunogenicity profile against both homologous 
and heterologous strains, the excellent safety results and the good 
tolerability suggest that ID vaccination may be an appropri-
ate strategy to deal with the annual antigenic drift of influenza 
viruses and the decrease of immune responses in elderly people.

Conclusions

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 to the use of routes of 
administration other than IM.

Higher and broader antibody responses to drifted influenza 
viruses can be offered by MF59™-adjuvanted vaccines, making 
them a strong candidate for seasonal influenza vaccination pro-
grams in elderly and high risk populations.

Based on reported pre- and clinical experience, ID vaccines 
can be considered safe and immunogenic, being a valid alterna-
tive to MF59™-adjuvanted vaccines for the active immune-pre-
vention of seasonal influenza, showing higher immune response 
than plain vaccines against vaccine strain and when the epide-
miological picture is characterized by a wide and heterogeneous 
circulation of influenza variants.

64 y in the USA, respectively, and IntanzaTM 15 μg approved 
for elderly in Europe and Canada.84,85 In routine clinical prac-
tice the ID influenza vaccine showed a good safety and accep-
tance profile and an optimal compliance to its use was registered 
among vaccine prescribers.86 During the last years the ID route 
of administration has been extensively studied in order to assess 
immunogenicity of different influenza vaccine formulations and 
in different population targets.

Several studies in the last decade compared ID formulation vs. 
IM vaccine, in terms of immunogenicity.

Holland et al. asserted a superior immunogenicity of a sea-
sonal influenza vaccine administered by the ID route among 
healthy subjects aged ≥ 60 y when compared with a similar anti-
gen dose of IM vaccine.82

Arnou et al. in the registrative, randomized, controlled, open-
label phase III trial confirmed the higher antibody response 
elicited by ID 15 μg vaccine respect to IM 15 μg vaccine in 
the elderly, fulfilling the European Medicine Agency (EMA) 
criteria.87

In the registrative trial for FluzoneTM ID, a lower antigen dose 
(9 μg) of ID seasonal influenza vaccine administered using the 
same microinjection system elicited similar responses when com-
pared with those observed after a 15 μg dose given IM among 
healthy subjects aged 18–64 y.88

ID immunization may be also considered as a potential anti-
gen-sparing approach for the prevention of influenza A(H5N1) 
infections. Some studies compared A(H5N1) influenza vaccine 
administrated by ID route and IM route. Authors reported that 
the ID vaccination is not inferior to IM, showing comparable 
post-vaccination antibody levels.83,90

The ID vaccination can offer a promising option to a broader 
antibody response when an antigenic drift occurs and the mis-
match between vaccine and circulating strains may result in a 
decrease of protective antibody levels conferred by conventional 
vaccination.18,28,91

The ability of ID vaccination to arouse a more effective 
antibody response against circulating viruses that have a dif-
ferent antigenic pattern respect with vaccine strain has been 
first demonstrated by our research group. In this study, we 
compared the ability of an ID vaccine (IntanzaTM 15 ug) and 
a conventional IM inactivated vaccine, both containing the A/
Wisconsin/67/05(H3N2) strain, to confer cross-protection 
against heterologous H3N2 circulating viruses in adults 60 y 
and older during 2006–2007 influenza season. Post-vaccination 

Figure 3. Seroprotection rates (%) determined using Hi assays after vaccination with intradermal and “plain” vaccines, according to viral strain.
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