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Summary

Vaccination is the most effective method of controlling seasonal influenza infections
and preventing possible pandemic events. Although influenza vaccines have been
licensed and used for decades, the potential correlates of protection induced by these
vaccines are still a matter of discussion. Currently, inactivated vaccines are the most
common and the haemagglutination inhibition -antibody titer is regarded as an
immunological correlate of protection and the best available parameter for predicting
protection from influenza infection. However, the assay shows some limitations, such
as its low sensitivity to B and avian strains-and inter-laboratory variability. Additional
assays and next-generation vaccines have been evaluated to overcome the limitations
of the traditional serological techniqgues and to elicit broad immune responses,
underlining the need to revise the current correlates of protection. The aim of this
review is to provide an overview of the current scenario regarding the immunological
evaluation and correlates of protection of influenza vaccines.

Keywords: correlates of protection, influenza vaccines, immunological assays,
guidelines on influenza vaccines, haemagglutination inhibition titer.

Vaccination is the most effective method of controlling seasonal influenza infections
and the -most important strategy for preventing possible pandemic events [1]. The
degree of protection elicited by vaccination depends on a complex interplay between
vaccine composition and circulating influenza viruses, the age of vaccine recipients
and their previous exposure to influenza, and product-specific factors such as
formulation and the use of adjuvants.

Currently, the most effective means of counteracting influenza infection are inactivated
influenza vaccines [2].

Traditional seasonal vaccines are trivalent, containing three different influenza viruses,
A H1IN1, A H3N2 and B strains. More recently, quadrivalent vaccines have been
marketed in order to cover both Victoria and Yamagata lineages of B strain [3, 4].
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The composition of vaccines requires to be evaluated annually, in order to determine if
any vaccine strain needs to be updated because of antigenic drift of the influenza
viruses. In this case, even the immunogenicity of vaccines (their ability to induce an
immune response) needs to be evaluated. Previous studies have shown that
antibodies against viral haemagglutinin (HA) are an important correlate of protection,
and vaccine composition is usually standardized according to the HA titer [3, 5]. In
order to be licensed, every vaccine needs to fulfill the criteria issued by the Committee
for Proprietary Medical Products (CPMP) [6]. Although influenza vaccines have been
licensed and used for decades, the potential correlates of the protection induced by
these vaccines are still a matter of discussion.

The aim of this review is to provide an overview of the current scenario regarding the
immunological evaluation and correlates of protection of influenza vaccines.

CORRELATES OF PROTECTION

Although the concept of the “correlate of protection” is an important milestone in the
process of developing and licensing influenza vaccines, it remains. very confused.
Different definitions have been suggested. According to Plotkin and Gilbert [7], “a
correlate reflects a statistical relation between an immune marker-and protection but
does not necessarily imply causal agency of the marker”, while Qin et al. [8] claim that
correlates predict “protection for new settings and describe the data requirements for
rigorous validation of an immunological measurement at each level’. The concept of
correlate of protection is based on the immunogenic capacity of the vaccine to induce
an antibody and/or cell-mediated immune responsein recipients [9]. Two types of
correlates of protection can be distinguished, absolute and relative. Although the ideal
scenario aspires to an absolute correlate of protection meaning that protection is
almost guarantees by a definitive threshold of response (such as in the case of
diphtheria, tetanus and rubella), many correlates of protection are relative [10].

CORRELATES OF PROTECTION FOR INFLUENZA VACCINE

For many years, the CPMP criteria fulfilled by vaccines licensed in Europe included
exclusively Single Radial Haemolysis (SRH) and Haemagglutination Inhibition (HI)
assays and two different target groups — healthy adults between 18-60 years old and
those over 60.[6] (Table 1).

Currently, an Hl titer = 40 is considered an immunological correlate of protection and
the best available parameter for predicting protection from influenza infection. The first
evidence dates back to Hobson et al., who established that an HI titer of 18-36 was
assaciated with 50% protection from infection. Their study consisted of challenge
experiments in small groups of segregated volunteers and larger-scale field trials in
industrial workers, with the infective challenge dose being administered by nasal spray
or droplets [5].

Subsequent studies confirmed the validity of the HI titer, showing that a titer of 42 for
H1N1 and 44 for H3N2 influenza viruses was 50% protective against the intranasal
inoculation of attenuated viruses [11, 12].

A recent meta-analysis estimated the HI protection curve by considering both the data
from Hobson and those from 15 studies reported in the literature. The results suggest
that there is a significant relationship between the increase in protection and the
increase in Hl titer, regardless of strains and the vaccination status of the individuals,
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and that the best representation is a curve rather than a threshold. A titer of 30
corresponds to 50% protection; however, clinical protection shows a progressive and
significant increase at titres up to 100 (included the common titer of 40) while
advantages become marginal beyond a titer of 150 [13, 14].

While these findings support the concept that an HI titer = 40 is an immunological
correlate of protection, they prompt two considerations. First, as mentioned above, the
relationship between protection and Hl titer is better depicted by a curve rather than a
threshold, underlining the fact that the relationship is not correctly represented by a
single threshold titer; second, an HI titer = 40 indicates 50% protection, as a relative
correlate of protection, which may not be deemed satisfactory [14, 15].

In a broader prospective, the crucial question is how reliable is a threshold defined a
long time ago and based on challenge studies with potentially attenuated-viruses.
Indeed, in this regard, Hobson noted that “.... it is possible that the low PD50 merely
reflects the essential requirement of the present trials that the challenge virus strains
should be selected chick embryo-grown variants of somewhat attenuated. virulence,
likely to produce less persistent or clinically severe infections than parental wild-type
strains. It is thus not possible to extrapolate from the present experimental procedures
to forecast that similar low titres of serum HI antibody would protect against natural
infection with highly virulent epidemic strains of virus” [5]. The challenge study
performed by Hobson et al. did not consider the possibility. that individuals may need a
higher antibody level in order to be protected, especially in the event of later onset of
influenza in the community [5, 16, 17]. Moreover, it.is debatable whether an HI titer =
40 can also provide protection in older adults; children and other groups at high risk.
Indeed, Black et al. provided evidence that an Hl titer = 40 is not an appropriate
correlate of protection in children under 6 years of age, as they need an Hl titer of 110
to reach 50% protection and titres of 215, 330 and 629 to achieve protection levels of
70%, 80% and 90%, respectively [15, 18, 19].

Another question concerns the use of the HI assay, given its low sensitivity to B strains
and avian viruses, in addition to other technical aspects, which could influence the
assay [2, 20].

ASSAYS FOR INFLUENZA VACCINE EVALUATION
Traditional serological assays
Haemagglutination Inhibition assay

Officially recognized by the international regulatory authorities, HI is currently the
assay most widely used to measure the immune response to influenza vaccines. The
assay detects both IgM and IgG antibodies able to inhibit the interaction between red
blood cells and the head domain of haemagglutinin (HA). This region displays high
variability, mostly due to the mechanism of antigenic drift. The antibodies detected by
the HI assay seem to be strain-specific, not cross-reactive and not protective against
mismatching influenza strains [16, 21]. The assay has the advantage of being easy to
perform, simple and cheap, but has some limitations, such as its low sensitivity to B
and avian strains [22, 23]. With regard to avian strains, the use of horse red blood cells
seems to significantly improve HI sensitivity, while in the case of B strains, ether
antigen treatment can enhance HI performance, though it also reduces assay
specificity and increases HI variability [19, 23, 24]. Collaborative studies have revealed
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a high degree of variability among laboratories, owing to the lack of standardized
assays, harmonized protocols and sources of red blood cells (Table 2) [25, 26].

The HI antibody titer is expressed as the reciprocal of the highest serum dilution
showing complete inhibition on using 4 or /8 haemagglutination units of virus. As
previously mentioned, an antibody titer of 40 is generally regarded as a protective
threshold level, beyond which there is a 50% or greater reduction in the possibility of
contracting influenza infection. An HI titer of 40 or higher is applied as an
immunological correlate of protection and is regarded as the best currently available
parameter for predicting protection from infection, according to international regulatory
guidelines for influenza vaccines [5, 12, 27]. However, in the case of a population with
a pre-vaccination titer due to previous exposure to the influenza virus or vaccination,
the antibody response could be significantly overestimated, as the titer may represent
the protection induced by antibodies in general, rather than being a real measure of
the protection induced by the vaccine. Statistical analysis should take into account the
pre-vaccination titer and other variables, such as previous vaccination one year earlier,
that could affect the immunogenicity of the vaccine [24, 28, 29]. It should, however, be
noted that two further parameters seroconversion and mean geometric increase,
which have already been included in vaccine assessment, are able to distinguish high
antibody titres prior to vaccination.

Single Radial Haemolysis assay

The other officially recognized technique is the SRH assay, which is based on the
passive haemolysis of red blood cells; this haemolysis-is mediated by complement and
induced by the antibody-antigen complex.. The result is an easily identifiable “area of
haemolysis”, which is proportional to the concentration of antibodies against influenza
viruses present in the serum samples [30, 31]. The assay is rapid, simple, reliable and
reproducible. The main advantage is its ability to analyze a large number of serum
samples simultaneously and rapidly and to provide unbiased results. These features
make the SRH assay particularly suitable for large-scale investigations, especially
epidemiological studies.” Other significant advantages are the ability to detect small
differences in antibody levels and to distinguish between closely related influenza
strains (Table 2) [32-37].

The SRH assay measures antibodies, mainly 1gG, against surface glycoproteins and
internal antigens [38]. The detection of IgG antibodies is an advantage in pediatric
trials [16, 30, 38].

A haemolysis area of 25 mm? or greater is generally regarded as a protective threshold
level, beyond which there is a 50% or greater reduction in the probability of contracting
influenza infection [39].

There is-a good correlation between SRH and HI assays. While both are equally
sensitive to influenza A viruses, the SRH assay seems to be more sensitive to
influenza B viruses and more reproducible [40]. Two other important advantages of the
SRH assay are its adequate sensitivity and specificity in detecting antibodies against
avian influenza viruses and its safety, since it can be performed with inactivated
viruses [20, 38, 41].

Virus Neutralization assay
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The Virus Neutralization (VN) assay, commonly used in a Micro Neutralization (MN)
format, is not mandatory for the licensing of influenza vaccines. However, it is
recommended for the quantification of neutralizing antibodies and for the confirmation
of H5N1 infection [42]. The technique detects functional antibodies able to neutralize
the ability of the virus to enter or replicate in mammalian cells; it therefore measures all
antibodies involved in protection. In addition, the assay recognizes antibodies against
the neuraminidase (NA) glycoprotein, which may participate in the neutralization of the
virus, especially in the late stage of infection [16, 43].

Compared with HI, the VN assay seems to be more complete and better suited to
evaluating the serological response to influenza vaccines [16, 43]. However, the
detected antibodies are cross-reactive including those that recognize epitopes-in-the
stem region of HA and are conserved in several influenza A subtype viruses. This
feature could make the VN assay less specific than HI, especially in adult‘and-older
populations with previous exposure to influenza viruses. At the same time, the VN is
more sensitive than HI, particularly in detecting low-titer seroconversions. The different
properties of these assays suggest that they could be used together in order to ensure
sensitivity and specificity in influenza vaccine evaluation (Table 2) [16, 44].

The VN titer is expressed as the reciprocal of the serum dilution showing at least 50%
inhibition of cytopathic effect (CPE) in mammalian cell cultures, which means that tests
are laborious and slow. The ELISA method of detecting virus-infected cells is less
variable than the CPE method, and provides results within-a few days [19, 45, 46].

The main drawback of the VN assay —arises when the live wild type viruses are
required as-in the case of highly pathogenic influenza viruses where high-level bio-
containment facilities and extensive training for laboratory personnel are needed.
Moreover, issues have arisen with regard.to standardizing cell preparations, virus
inoculations and incubation times. In addition, the assay lacks common reference
protocols and is hindered by discrepancies-in the determination of assay endpoints
and limited knowledge of correlates of protection. The complexity of the methodology,
in comparison with the HI assay, makes the VN assay more susceptible to high inter-
laboratory variability. However, this variability seems to be reduced by the inclusion of
an appropriately calibrated antibody standard in order to normalize all titres [26, 43,
47].

To date, no correlates of protection have been established with regard to the VN
assay, which makes it difficult to compare vaccine assessments based on VN. Owing
to the variability of the assay, a VN titer equivalent to an Hl titer of 40 is highly specific
to each antigen-laboratory combination and therefore can not be generalized [48].
Some studies on H5N1 and other influenza infections have regarded a titer 2 80 as an
efficacy endpoint for avian influenza vaccines, whereas others have considered a
seroprotection cut-off of 20 to be suitable, on the basis of its correlation with an SRH
area of 25'mm? [46, 49-52].

Regarding HIN1 pandemic virus, a titer of 64 has been suggested as a seropositive
threshold, while other studies have concurred in considering a titer = 10 as the
minimum detection limit and a titer = 40 as a significant response. A titer =2 10 could be
regarded as an effective indicator of population exposure to the virus through either
natural infection or vaccination [44, 53-56] . In accordance with previous studies in
which an HlI titer of 40 was considered equivalent to an VN titer of 160, recent study
has shown that an HlI titer of 40 corresponds to a VN of approximately 200 and 140 for
H1N1 and H3N2 strains, respectively, in children and adolescent populations [57]. A
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further study has demonstrated that a VN titer of 42 corresponds to an Hl titer of 260
for subjects that naturally acquired the H3N2 influenza infection [58].

The use of influenza HA pseudotypes as surrogates for wild-type viruses is a safe and
easy alternative to the VN assay. A pseudotype virus is composed of the “core” of one
virus (e.g. a retrovirus) and the outer “envelope” of another (e.g. the HA/NA of
influenza virus). This assay is more suited to high-throughput processing of large
serum panels. Moreover, it is safe and economical, since antibody responses against
two viruses are assessed on the same serum samples and the entire process can be
carried out outside of high BSL facilities. Particular interest should also be addressed
both to the potential of pseudotype neutralization assays in studying the antigenic
evolution of influenza viruses and to the ability of the assay to provide an adequate
evaluation of the immune response induced by current influenza vaccines  [59].
Currently, the pseudo type assay is in a research stage, lacks of correlates of
protection and needs to be validated, standardized and compared to the traditional
serological assays [60].

Additional assays

Other assays should be considered in order to overcome the -limitations of the
traditional serological techniques and to increase the knowledge of immunological
responses to influenza vaccines.

Neuraminidase assay

Neuraminidase is the second glycoprotein on the viral surface and is involved in viral
release and spread from infected cells. Antibodies against NA are not associated with
the prevention of infection, but are able to contribute significantly to immune protection
by reducing the severity and duration of infection and by curbing viral shedding and
transmission [61-65]. The great advantage of NA is its slower antigen evolution and
the resulting capacity to induce longer-lasting immunity and cross-protection than that
provided by HA or conventional vaccines [61, 66, 67]. Notably, when HA and NA are
provided in equal amounts, and as purified proteins separated from the other viral
proteins, they prove to be equivalent from an immunogenic viewpoint [67].

While recent studies have highlighted the role of NA-inhibiting antibodies as a
predictor of immunity [68-70], no correlates of protection have yet been established for
the NA antibody response, and only the HA antigen content is standardized and
controlled in current vaccines.

However, it could be important to develop harmonized and validated assays in order to
have a useful and common tool for the interpretation of results [69]. Currently, several
assays-have been developed, but most of these are still in an experimental stage in
various laboratories. The most common and prevalent assay is the Enzyme-Linked
Lectin assay (ELLA), which is based on the release of terminal sialic acid residues
from fetuin, usually used as a substrate [71]. The advantages are that it evaluates
specific NA antibodies, offers better safety and sensitivity and requires no hazardous
reagents [72, 73]. In order to avoid the activity of anti-HA antibodies in the NA assay,
the use of recombinant strains of influenza with appropriate NA and an HA from non-
human subtypes, such as H6 or equine origin, has been suggested (Table 2) [24, 61].

ELISA assay
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The ELISA assay is a useful technique for the detection of influenza antibodies. The
great advantage is its ability to detect class-specific IgM, IgA and IgG antibodies in
serum and nasal wash especially in nasal secretions in which the titres are low and
difficult to detect by means of conventional assays [19, 24, 74]. This technique yields
unbiased results in a few hours, enables the process of high-throughput testing to be
completely automated, does not require the pretreatment of serum samples or the
frequent titration and manipulation of antigens, and does not utilize red blood cells. It is
therefore particularly suitable for large-scale serological investigations (Table 2) [19,
75, 76].

The drawback of the assay is the lack of specificity for influenza A and B subtypes,
owing to the use of the whole virus, which contains both internal and surface viral
antigens [75, 77]. The use of purified HA antigens or a recombinant fragment of the
HA globular head may considerably improve the specificity of the assay. Currently,
there is no standardized protocol or reagents for the ELISA assay. Before the assay is
implemented as a research tool, validation of its specificity may be advantageous [19,
74, 76].

Assays for cellular immune response

The cell-mediated immunity (CMI) plays an important role in viral clearance,
decreasing severity and complications following influenza infection. One of the main
action is performed by the T cells that mediate the immune response and recognize
internal viral proteins, such as the nucleoprotein. (NP), conserved among influenza
strains. This feature makes the T cell responses particularly suitable for providing long
lasting cross-reactive immunity and being the potential basis for a universal influenza
vaccine [61, 78-80].

Several powerful methods such as flow cytometry, ELISA/enzyme-linked immunospot
(ELISpot) and cellular cytotoxicity have been developed for the CMI evaluation (Table
2) [81]. Nevertheless, the current correlates of protection based on antibodies
induction are improper for the evaluation of T cell-inducing vaccines and need to be
updated [80].

The ELISA and ELISpot assays aim to quantify the cytokine production in serum,
alveolar lavage samples. or culture supernatant. The first one measures the cytokines
associated with specific T cell subsets while the ELISpot identifies the number of cells
producing a particular cytokine [24, 82].

The flow cytometry is a powerful method for the study of T cells phenotypes and the
use of fluorescent-labeled monoclonal antibodies allows the simultaneous measure of
multiple markers. The technique is more complicated and expensive than ELISpot but
its versatility, in addition to the ELISpot advantages as cheapness, high throughput
processing, sensitivity and accuracy, makes both assays the best candidates for the
evaluation of CMI and correlates of protection [24, 82].

INFLUENZA VACCINES

The inactivated influenza vaccines (TIV), which are the most common and widely
used, consist of whole virus, split virus or subunits, and are administered by
intramuscular or subcutaneous injection. Conventionally, subunit or split virion
vaccines are the most widespread, owing to the fact that whole virus vaccines may
elicit adverse events, especially in children. Initially developed in eggs, the production
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of inactivated vaccines moves forward cell-based platform in order to overcome egg-
based production shortfalls [3, 4, 61, 83].

TIV vaccines provide 70-90% efficacy in young adults when there is a good match
between the vaccine and circulating influenza strains, but lower efficacy in elderly and
pediatric populations [61, 84, 85]. Currently, as the correlates of protection are specific
to egg-based TIV vaccines, there is some concern over the use of these correlates for
the evaluation of cell-derived vaccines [6, 86]. TIV vaccines induce a predominant
humoral response, increasing IgG serum levels against HA, and are recommended for
persons aged 6 months and older [61]. Despite this recommendation, the correlates of
protection only target healthy adults aged 18-60 years and the over 60s, thus
excluding children and other subjects at high risk, such as immunocompromised
patients. As already mentioned, the appropriateness of using correlates of protection
that are not exactly defined for the target group is still under debate. The study by
Black et al. [15] demonstrates that an HI titer = 40 is not an appropriate correlate of
protection for children under 6 years of age, since they need an HI titer of 110.in order
to reach a 50% protection level and titres of 215, 330 and 629 to achieve protection
levels of 70%, 80% and 90%, respectively. Disparate factors could lead to the need for
a higher HI titer in children; the most significant is probably the condition of naive
population, which entails that children have not had previous experience of influenza
vaccination or infection and need a higher immune response to reach an adequate
protection level. Furthermore, the ability of the HI assay to detect both IgG and IgM
antibodies could overestimate the immune response in-the pediatric population, while
the measure of IgG antibodies alone, as provided by SRH, could be more appropriate
in this group [16, 18]. A further consideration concerns the need for distinct target
groups to have different correlates of protection [59].

In order to increase the low efficacy of TIV.vaccines in pediatric and elderly subjects,
adjuvanted vaccines have been developed. Clinical studies in these populations have
demonstrated the great advantage of adjuvanted vaccines that are able to induce an
enhanced immune response in the elderly and children even against B strains and in a
condition of low pre-immunization HI titres and mismatching viruses [84, 87-90].
Adjuvanted vaccines allow to reach an HI titer = 40 with a single low dose in children
compared to non adjuvanted vaccines that need higher doses and injections,
particularly, in the younger subjects [91, 92]. The dose sparing strategy of adjuvanted
formulation needs not to be underestimated in the event of pandemic, as this strategy
would lead to a greater availability of vaccines and a higher coverage of vaccination.
Further investigations show that a high proportion of children receiving the adjuvanted
formulation achieves an HI titer = 330. Non adjuvanted vaccines are not able to
induce the same immune response and a booster of adjuvanted vaccine is needed to
achieve an high proportion of subjects with an HI titer = 330, underlining the
convenience of using this formulation in the pediatric population [91, 93-95]. The other
advantage is the capacity to induce a broad cross-reactive immunity, a long-term
antibody persistence up to one year after the vaccination and a high CMI response
[95-99]. The same benefits have been observed in the elderly population as the
adjuvanted vaccines seem to be highly immunogenic and induce a persistent humoral
and cell mediated immune response [100-102]. There is no safety concern regarding
adjuvanted vaccines even though solicited local reactions seem to be more common
than non adjuvanted vaccines [95].

The seasonal quadrivalent TIVs, with or without adjuvant, induce superior antibody
response against the additional B strain and a comparable immunogenicity to the
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traditional TIVs highlighting the great potential of this new formulation, particularly in
children [103-107].

The current correlates of protection do not distinguish between adjuvanted and non
adjuvanted vaccines nor whether there are slight differences among them [15].
Guidelines specific to the type of vaccine, with or without adjuvant, should be more
specific and appropriate [16].

The other licensed vaccine is the live attenuated vaccine (LAIV), which is administered
intranasally to persons aged 2-49 years in the US, Europe, India and Russia [3, 108].
Intranasal administration mimics the natural pathway of infection and induces a
broader humoral and cellular response than TIV vaccines, as LAIV vaccines elicit local
secretory IgA antibodies that primarily protect the mucosal surface, serum HI, 1gG and
NA-inhibiting antibodies, and the production of virus-specific cytotoxic T lymphocytes
(CTLs), which play a significant role in cell-mediated immune protection. The-LAIV
vaccine provides protection against both well-matched and antigenically drifted strains
[3, 24, 61, 109-111]. Currently, no correlates of protection are specific to LAIV
vaccines; this is partly due to the difficulty of sampling and assaying mucosal
antibodies [3] and also to the inadequacy of the HI assay, which could underestimate
the broader protection induced by LAIV vaccines [61, 85, 112]. It-is evident that these
two types of vaccine induce different immunological responses to influenza viruses
[111]. In adults, previous exposure and/or immunity to-influenza viruses could inhibit
viral replication, making the LAIV vaccine more effective than TIV in children without
pre-existing immunity and TIV more effective in adults. Thus, TIV vaccine is more
suitable for boosting previous immunity, while LAIV.is better suited to priming [3, 108].
This evidence, in addition to the more attractive administration route of LAIV, highlights
the need to develop correlates of protection and specific assays for LAIV vaccines,
which seem to be a promising alternative or .adjunct to TIV vaccines.

Currently, there is also a lack of correlates of protection specific to pandemic vaccines,
the evaluation of which is based on the fulfillment of criteria for seasonal influenza
vaccines [113]. This approach, however, raises a number of concerns. Indeed, it is
guestionable whether criteria based on seasonal vaccines should be extrapolated to
the evaluation of pandemic vaccines and the role played by pre-existing immunity in
reaching protection threshold levels and its absence or reduction in the event of a
pandemic outbreak.” Finally, the use of traditional immunological assays may be
inappropriate. Thus, for the evaluation of pandemic vaccines, the VN assay has been
added to SRH and Hl, given the low sensitivity of this latter assay to pandemic strains
such as H5-and H7. Moreover, the possibility to include alternative, justified threshold
levels, instead of an HI titer of 40, has been granted to the companies testing
candidate pandemic vaccines [113, 114]. The utility of introducing alternative assays to
the traditional ones is being evaluated, with a view to providing assays that can
adequately measure the immunogenicity of new-generation vaccines. It must be borne
in mind that, in addition to HI antibodies, other immunological parameters, such as
mucosal antibodies or cell-mediated immunity, also contribute to protection against
influenza viruses. Therefore, it is quite unrealistic to image that one parameter may be
appropriate to different target age-groups with different previous experience of
influenza, different health status and different types and formulations of vaccines [3].

A FOCUS ON REVISED “GUIDELINE ON INFLUENZA VACCINES”
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Since 2014, the Committee for Medicinal Products for Human Use (European
Medicines Agency) has revised the guidelines on influenza vaccines in order to
develop one single influenza guideline (draft) covering the regulatory, quality, non-
clinical and clinical aspects [115].

The main change in the required immunological data is the exclusion of the SRH
assay and the official inclusion of the VN assay. In recent years, the VN assay has
proved to be useful in avian strains of influenza A, and influenza B viruses, as it
identifies a wider range of neutralizing antibodies than the HI assay. While inclusion of
the VN assay in the criteria is certainly a great advantage in the evaluation of influenza
vaccines, a doubt may arise with regard to the exclusion of SRH. This is” an
established technique, particularly in the serological filed, is widely used to measure
antibodies against influenza viruses, and is particularly useful in pediatric clinical trials.
Its two main advantages lie in its safety, since it requires inactivated viruses, and the
possibility to analyze a large number of serum samples simultaneously and rapidly.
Thus, the question that arises is whether it is preferable to exclude the SRH assay or
to use all three serological assays (HI, SRH and VN) in order to enable more complete
influenza vaccine evaluation.

Although the conventional serological parameters, i.e. geometric mean titers, pre-
/post-vaccination ratio and seroconversion rates, have been considered in the revised
draft, careful attention should be paid to the pre-vaccination status of the population.
This should be regarded as “an unpredictable population characteristic unrelated to
the vaccine” that needs to be corrected by means of generally approved procedure
[28].

The suggestion that studies for the evaluation of anti-NA antibody responses and
antibody kinetics should be performed is very- interesting. However, given the current
scenario regarding these assays, an-indication of which assay should preferably be
used would be helpful, in addition to validation of the assay. The same applies to the
VN and HI assays. Moreover, the guideline should require that the validation of these
assays be recognized by the regulatory agency and conducted according to
International Conference of Harmonisation (ICH) guidelines, in order to reduce inter-
laboratory variations.

EXPERT COMMENTARY & FIVE-YEAR VIEW

Despite containing ‘both HA and NA viral glycoproteins, the currently administered
vaccines are standardized exclusively according to their HA content [116, 117].
Therefore, the evaluation of vaccine immunogenicity is mainly based on the HI assay,
and /an HI titer =2 40 is considered an immunological correlate of protection and the
best available parameter for predicting protection from influenza infection. Despite its
wide use, the assay shows some limitations, such as the strain-specific antibodies
detected, its low sensitivity to B and avian influenza strains and the high degree of
inter-laboratory variability. Moreover, the assay does not seem to be adequate for
different age groups, such as the elderly and high-risk groups [24, 118]. A more
functional technique than HI is the VN assay, which is able to detect the functional
neutralizing antibodies that are really involved in protection against disease. The need
to officially include the VN assay in the evaluation of influenza vaccines is increasingly
clear. At the same time, however, it is necessary to overcome the current drawbacks,
such as the lack of specific correlates of protection for the VN assay and the high inter-
laboratory variability due to the scarcity of common validated standardized protocols
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[26, 43]. The disadvantage of vaccine evaluation based exclusively on serological
evidence is its potential overestimation of TIV vaccines to the detriment of other
vaccine types, such as the LAIVs [112]. These latter mainly induce mucosal immunity,
which contributes to protection against influenza infection but is not well defined by
neither the current correlates of protection nor the HI assay [18, 62].

The main limitation of current vaccines is that they need to be evaluated annually, in
order to match the circulating strains, owing to the antigenic changes manifested by
the HA head. The next-generation vaccines are aimed at eliciting broad immune
responses through the implementation of various approaches. One possibility is to
promote antibody responses against the stalk region of the HA glycoprotein, which-has
proved to be highly conserved among influenza types. Neutralizing antibodies can
prevent infection through the inhibition of cell membrane attachment or can impede the
release of viral content into the cells. They are efficient in inhibiting infection-.in
influenza A and B strains, but are not elicited in all individuals following influenza
vaccination or infection [21, 119, 120]. Establishing new targets for antibodies would
necessitate revising the current correlates of protection, types' of vaccine and
immunological assays for the evaluation of immunogenicity, as these antibodies act
differently from those elicited by the traditional approach [18, 62].

The other promising target is the NA glycoprotein, which is subject to slower antigenic
evolution than HA and is probably able to induce longer-lasting immunity than that
provided by HA or conventional vaccines [66, 67].. The role of NA antibodies in the
event of a pandemic could be very significant, considering that most of the population
may be naive to the HA glycoprotein but may present previous immunity to NA [73].
Studies have shown that prior infection with. seasonal or pandemic influenza vaccines
provides cross-protection against the H5N1 viruses, which is especially due to the
antibodies against NA [69, 121, 122].

Among influenza A subtypes, matrix protein 2 (M2) has a highly conserved amino acid
sequence and is involved in the early step of the replication cycle of the virus. This
protein is particularly interesting for the development of a universal vaccine, even
though it is included in the current vaccine formulation in very low quantity and is not
able to induce an immune response in vaccinees [18, 21, 62, 123].

The NP protein also seems to_have interesting features that make it a candidate for
inclusion in a universal vaccine. It is a stable internal protein of A and B strains, and
could be involved-in the generation of CTLs as the protein is displayed on infected
cells during viral replication [61] . Cell-mediated immune response is an attractive
target, as it may- elicit greater cross-protection against influenza viruses than the
traditional humoral approach. It plays a significant role in viral clearance, thereby
limiting influenza infection, and may also prevent complications associated with
influenza disease [62, 78]. Studies have proved that pre-existing T cells to seasonal or
pandemic influenza strains (HLIN1 2009) provide cross-protection against pandemic
strains (H5N1) and are correlated with less severe illness [124, 125].

The current scenario on next generation vaccines seems to be very promising,
although there is an increasing demand to revise the current correlates of protection
and traditional assays for the evaluation of influenza vaccines.

KEY ISSUES
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e For many years, the CPMP criteria fulfilled by vaccines licensed in Europe
included exclusively Single Radial Haemolysis (SRH) and Haemagglutination
Inhibition (HI) assays.

e Currently, an HI titer = 40 is considered an immunological correlate of
protection and the best available parameter for predicting protection from
influenza infection.

e The HI is currently the assay most widely used to measure the immune
response to influenza vaccines. The assay has the advantage of being easy to
perform, simple and cheap, but has some limitations.

e The Virus Neutralization (VN) assay is not mandatory for the licensing. of
influenza vaccines. However, compared with HI, the VN assay seems to be
more complete and better suited to evaluating the serological response to
influenza vaccines. To date, no correlates of protection have been established
with regard to the VN assay

e Other assays should be considered in order to overcome the limitations of the
traditional serological techniques and to increase the knowledge of
immunological responses to influenza vaccines.

e Establishing new targets for antibodies would necessitate revising the current
correlates of protection, types of vaccine and immunological assays for the
evaluation of immunogenicity, as these antibodies act differently from those
elicited by the traditional approach.
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Assays for influenza vaccine evaluation

Traditional assays

Haemagglutination Inhibition assay (HI)

= IgM, IgG antibodies;

= antibodies against head domain of heamagglutinin;

= titre > 40 as an immunological correlate of protection;

o advantage: simple, cheap

= disadvantage: low sensitivity to B and avian strains, variability
among laboratories;

Single Radial Haemolysis assay (SRH)

o antibodies, mainly IgG;

= antibodies against surface glycoprotein and internal antigens;

= haemolysis area > 25mm? as correlated of protection

= advantage: rapid, simple, reliable, reproducible, large number
of analyzed serum samples, unbiased data;

Virus Neutralization assay (VN)

= functional neutralizing antibodies;

= no established correlates of protection;

= less specific tha HI assay but more sensitive particulary for
detecting low-titer seroconversions;

= disadvantage: wild-type viruses, costs of high-level
biocontainment facilities, high intra laboratories variability;

Additional assays

Enzyme-Linked Lectin assay (ELLA)

= antibodies against neuraminidase;

= no correlates of protection and harmonized/validated assays;

= advantage: specific NA antibodies, safety and sensitivity;

ELISA assay

= serum and nasal wash IgM, IgA and IgG antibodies;

= no correlates of protection and standardized protocols or
reagents;

= advantage: unbiased results, automated process for high-
throughput testing, no pre treatment of serum samples and no
red blood cells;

= disadvantage: lack of specificity for influenza A and B
subtypes;

Assays for cellular immune response

ELISA/ELISpot

= quantify cytokin production in serum, alveolar lavage samples
or culture supernatant;

= ELISpot advantage: cheap, high throughput processing,
sensitivity and accuracy;

Flow cytometry

o T cells phenotypes;

= advantage: versatility.

Table 2. Traditional and additional assays for the evaluation of influenza vaccine immunogenicity.




