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1 Executive summary

Project rationale and overall objectives of the project

Vaccination remains the most effective method to control Influenza seasonal infections and the most important strategy
to prepare for a possible pandemic. Despite the development and licensure of influenza vaccines along with clinical
evidence of their ability to protect against influenza, the potential correlates of protection induced by these vaccines are
still not fully elucidated. FLUCOP aims to provide the seasonal influenza vaccine community with improved or new tools
to evaluate the vaccine’s ability to raise an immune response, allowing the comparability of clinical data across
laboratories, and paving the way for establishing improved and/or novel correlates of protection, i.e. measurable
parameters that a vaccinated person is protected against subsequent infections or disease. The harmonisation of
laboratory tests will ultimately contribute to increase the transparency of the results and therefore the trust of the public
in seasonal flu vaccination programmes. The project will include consultation with partners from regulatory agencies - a
mechanism ensuring that the regulatory aspects of the standardisation efforts are addressed and duly considered. The
availability of a tool-box of standardised, validated assays for human influenza vaccines, agreed and used by key parties in
the private and in the public sector will have tremendous impact on the Research and Development process globally, and
will pave the way for future investigation and definition of correlates of protection for these vaccines.

These goals will be achieved by targeting three practical objectives:
1. Standardization of Haemagglutination Inhibition (HAI) and Virus Neutralization (VN) assays (WP1), as primary goal

2. Advancing the understanding and application of Cell-Mediated Immunity (WP2) and Neuraminidase assays (WP3) as
tools for evaluating influenza vaccine performance, as secondary goal

3. Exploration of new technologies that could to be applied to investigate Correlates of Protection (CoP) and
population-based evaluations of influenza vaccines (WP4), as an exploratory goal.

Overall deliverables of the project

The overall deliverables of the project are the following:

- Reach an agreement in both the private and the public sectors on the way to perform assays for seasonal human
influenza vaccines;

- Establish common protocols for assays that will be used by all groups, either private or public, when testing influenza
vaccines in humans;

- Apply rigorous and unequivocal assays when establishing correlates of protection;

- Understand and agree upon the relative or absolute benefit of different assays, such as HAlI and VN in measuring
functionally active anti-influenza antibodies;

- Reach a consensus on the way(s) to measure neuraminidase inhibiting (NI) antibodies to be possibly applied to future
clinical trials;

- Advance the understanding of the different immunological parameters which are to be tested in a clinical trial with
influenza vaccine to dissect the quality of the immune response induced by the different existing or novel influenza

vaccines.

Summary of progress versus plan since last period

Work on all work streams has continued very actively during this year of the program. Overall, during the second
reporting period the project tasks and objectives have mostly progressed on schedule with some minor deviations on
timelines. The consortium experienced delays in reaching a small proportion of the milestones and deliverables, but
these are not expected to affect the overall timelines of the project (as detailed below).

After an open and effective discussion phase that included exchange and analysis of internal assay protocols for HAI, the
first empirical steps have successfully been taken on the path towards a standardised HAI assay. Once an initial consensus
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protocol was distilled for further evaluation, a pilot study was designed to assess parameters judged to be potentially
capable of generating variability between testing laboratories. A DoE (design of experiment)-based pilot standardisation
study was conducted in a collaborative effort between scientists, statisticians and data management experts from 6
partners. The experimental work for HAI was completed by all participating labs. Data were analysed by the biostatistician
team and a consensus has been reached on upcoming pilot studies has been defined.

Sera for use in the first pilot study, as well as experimental standards were selected and prepared by the Central Sample
Management laboratory. Common stock of reagents and viruses for HAl and VN pilot studies were produced and shared
within the WP1 participants.

Besides classic serological assays, FLUCOP also strives to advance the understanding and application of cell-mediated
immunity (CMI) assays as tools for evaluating influenza vaccine performance (WP2). In the past 12 months the main focus
of this work package, has been on the standardisation of immune cell isolation and freezing. Similar to the preparation of
the pilot study in WP1, Standard Operation Procedures (SOP) from all participating partners were collected and from
these a selected number of critical parameters identified. Twelve test protocols were designed that allowed
investigation of the impact of these critical parameters on the recovery, function and integrity of the isolated peripheral
blood cells. Blood samples, randomly obtained, were processed at laboratories of three participating partners according
to a number of proposed test protocols and their in-house protocol. Descriptive statistics were deployed to evaluate the
impact of the choice of the selected critical parameters. This allowed the Consortium to discern the impact of the critical
parameters initially identified on the quality of the cells and to select an SOP for the next steps of the program.

The peripheral blood cell biobank, prepared as described above, was further completed with samples collected pre- and
post-vaccination with the Fluarix Tetra vaccine used during flu season 2016/2017.

A second survey has been distributed to gather detailed information on the diversity of the methods and the Quality
Assurance applied in Cell-Mediated Immunity ( CMI) work conducted routinely by the WP2 partners.

As part of the development and harmonization of assays to measure immune responses against Neuroaminidase (WP3),
one of the other major antigens in seasonal influenza vaccines, the effort has focused on preparing reagents and doing
feasibility laboratory studies for two alternative assay formats. Importantly, a system was developed for the recombinant
expression of influenza neuraminidase (NA) for use in these assays. Considerable progress was also made towards the
extraction and purification of the expressed NA protein from the expressing cells.

Under WP4, novel methods and assays have been developed that could supplement existing technologies in future
influenza vaccination studies, namely an antibody dependent cellular cytoxicity (ADCC) assay, a protein microarray-based
technology and a computer-based meta-analysis tool. The ADDCC assay was developed to measure an alternative,
immunologically relevant, functional activity of antibodies, generated against influenza virus by vaccination (or infection).
A scientific manuscript has been published in a peer —reviewed, open access journal, describing this methodology in
detail. The microarray methodology allows the simultaneous detection of serum antibodies to a large panel of influenza
viruses, using small volumes of serum samples. This method is particularly useful for assessing the history of previous
exposures with influenza viruses and for determining pre-existing immunity prior to vaccination, which is one of the most
important factors that influence vaccine efficacy. Finally, the method developed for metadata analysis regarding
influenza vaccine effectiveness, as applied to Influenza B virus were also accepted for publication.

In summary, there have been no major deviations in the second period, except for WP1. In this work stream there have
been delays of note in the achievement of milestones and completion of deliverables towards standardisation of the Virus
Neutralization assay. The FLUCOP partners have agreed to move forward with the standardisation of two different VN
assay formats (short and long) in parallel, until a direct comparison of the two respective standard protocols can be
performed. A Design of Experiments (DoE) for pilot studies to identify parameters of significant impact on assay variability
is being finalized and the experimental work is expected to be launched in 2017.
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Significant achievements since last report

The main achievements obtained in the work packages are summarised below.

WP1: Standardization of Haemagglutination Inhibition Assay (HAI) and Virus Neutralisation (VN)

The objective of FLUCOP WP1 is to work towards the standardization of the serology assays used to assess functional
antibody response in influenza vaccines clinical trials. After collection and analysis of protocols performed in year 1,
experiments were designed to evaluate the impact of key parameters on the variability of the assay.

For the Haemagglutination Inhibition (HAI) work stream, a pilot study using 4 influenza strains was completed for 6
participating labs and data were sent to Quinten and BPRC for statistical analysis.

Regarding the Virus Neutralization (VN) work stream, the team agreed to evaluate both short and long format of the
assay for the standardization; the World Health Organization (WHO) protocol will be used for the short format; a common
protocol was defined for the long format and the design of the pilot studies for both formats was finalized. Since the
same labs are involved in both HAI and VN assays and cannot run all assays in parallel, only HAI experiments were
completed and a new roadmap and timelines for VN tasks was defined and approved by the Steering Committee.

WP2: Advancing the understanding and application of Cell-mediated Immunity (CMI)

The overall objective of the WP2 is to advance the understanding and application of CMI as tools for evaluating influenza
vaccine performance. A Standard Operating Procedure (SOP) for isolation, freezing and shipment of Peripheral Blood
Mononuclear Cells (PBMC) has been created. The SOP consists of guidelines supplemented with recommendations, which
derive on the one hand from the work that has been performed in the context of project Deliverable 2.3 “Standard
Operating Procedure for Isolation, freezing and shipment of PBMC” and on the other hand based on guidelines published
by HANC (HIV/AIDS Network Coordination). The guidelines are divided into 5 sections: blood collection, preparations,
PBMC isolation, cryopreservation and shipment, followed by four recommendations with regard to blood collection
tubes, separation tubes and media, medium to dilute the blood and wash the cells, freeze medium.

The laboratories that participated in the first phase of this work package, consisting of the standardisation of PBMC
isolation, freezing and shipment, have demonstrated proper performance of the procedure and therefore can be declared
qualified.

WP3: Assays to detect NA-specific antibody responses for evaluating influenza vaccine immunogenicity

The WP3 aims to advance the understanding and application of NA-Antibody titration assays as tools for evaluating
influenza vaccine performance. A comprehensive compilation of all critical parameters identified in the Enzyme-linked
Lectine Assay (ELLA) has been established. To progress towards the first pilot study, WP3 partners agreed on the
separated evaluation of some parameters, starting from the pre-assessment of 3 critical parameters and their interaction,
to better understand their impact.

The development of an enzyme-linked immunosorbent assay (ELISA) is the second major approach pursued in WP3. The
ability to express and provide recombinant NA in a soluble form is therefore a basic achievement in order to enter into
the experiments aiming at the establishment of an ELISA method. In the first year WP3 Partners established the materials
and protocol needed for NA expressed from a baculo virus vector in insect cells. During the second year a basic approach
suitable for extraction and solubilisation by detergent treatment of the expressed NA-protein needed for application in
the ELISA was developed. The progress made in this area is very important to initiate the development of the ELISA set up
and procedure.

A very comprehensive two-day workshop on method validation was organised and held by WP 3 for the entire FLUCOP
consortium. The objective of the validation seminar was to raise awareness about the critical aspects of assay
development, validation and life cycle and to align the partners on assay development and validation essentials (including
statistical perspective). During the upcoming second annual FLUCOP meeting the final day will be devoted to more
specific questions of assay validation.
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WP4: Consideration of new technologies yet to be applied to population based evaluations of influenza vaccines.

The overall aim of WP4 is to develop novel methods and assays that could supplement existing technologies in future
influenza vaccination studies. An ADCC assay was developed using recombinant hemagglutinins as a source of viral
proteins and a CD16 expressing NK cell line as source of NK cells. Using selected serum samples obtained before and after
infection with influenza virus or vaccination the specificity of the assay was confirmed. Furthermore the dependence of
antigen and CD16 was confirmed. These results show that the ADCC activity measured in the assay is antigen specific and
depends on the presence of virus specific serum antibodies and on the interaction with the Fcy receptor on the NK cells.

Selected serum samples of which the HI or VN titers were known were also tested in the protein microarray. Comparison
of ADCC activity with titers obtained in the HI and PA suggest that the HI titers against a homologous strain of influenza
virus correlated with the ADCC activity of serum samples.

Using improved regression models and meta-analysis, WP4 developed an algorithm to assess influenza B vaccine
effectiveness. The model overall predicts a good matching between serological responses and effectiveness read-outs,
with pre-vaccination responses being a major confounder in measurement of protection outcomes in vaccine trials.

WP5: Project Management, Impact Assessment, Dissemination and Ethics

The Scientific and Administrative Management of the project has been successfully conducted. The planning and progress
of the scientific activities of the project has been closely followed by the Project Coordinator in collaboration with the
Scientific Coordinator, the Managing Entity Coordinator and the Project manager. The FLUCOP Scientific and
Administrative report was prepared and submitted in due time. The Periodic report was circulated to the IMI project
officer, the External Advisory Board members, and to all the partners and posted on the FLUCOP website.

The First Annual Meeting was successfully held in Siena on April 2016 and the Second Annual Meeting has been
organized. Meetings of the Steering Committee were organized bimonthly, one of which was organized as a face to face,
full-day meeting in Frankfurt on November 2016, to allow a general review of scientific and technical strategy, budget and
timelines, as well as an in-depth scientific review of WP4.

Dissemination activities have been conducted: the FLUCOP website is continuously updated and three newsletters have
been published and circulated to a broad public. 9 publications related to the FLUCOP Activities have been published in
peer-reviewed journals.



