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COBRA: Computationally-Optimized Broadly Reactive Antigen Vaccine Against Novel HIN1 and
Seasonal H1N1 influenza Strains

One of the challenges for developing influenza A and B vaccines are the diversity of antigenically distinct
isolates within each subtype. Previously, our group described a novel hemagglutinin (HA) for HSN1
influenza derived from a methodology termed computationally optimized broadly reactive antigen
(COBRA). This COBRA HA, when used as an immunogen, elicited a broad antibody response against
H5N1 isolates from different clades. We now report the development and characterization of a COBRA-
based vaccine for all seasonal and pandemic H1N1 influenza (human and swine) isolates. Nine
prototype HIN1 COBRA HA proteins were developed and tested in a virus-like particle (VLP) format for
the elicitation of broadly-reactive, universal antibody responses, protection against viral challenges, and
prevention of transmission in pre-clinical mouse and ferret models. HIN1 COBRA HA vaccines were
designed to recognize H1N1 viruses within the last 10, 20, and 30 years, as well as COBRA vaccines that
elicited antibody responses that recognized HIN1 viruses over the past 100 years, including modern
pandemic H1N1 isolates. Four of the 9 HIN1 COBRA HA proteins (X-1, X-3, X-6, and P-1) had the
broadest HAl and neutralization against a panel of 17 HIN1 viruses, with X-1 and P-1 COBRA HA proteins
efficiently neutralizing and protecting ferrets against both seasonal and pandemic H1N1 challenges.
COBRA-vaccinated animals had little or no detectable viral replication, less inflammation in the lungs,
and reduced virus recovery in nasal washes. These vaccines were most effective in ferrets that were pre-
immune to seasonal influenza viruses and subsequently vaccinated with HIN1 COBRA vaccines. Ferrets
pre-immune to two seasonal H1N1 influenza viruses had HAI activity against only the pre-immune
administered viruses. However, following H1N1 COBRA vaccination, these animals had HAI activity
against all viruses in the panel, including pandemic H1N1 viruses (2009 to 2014), and completely
protected against viral challenges. Furthermore, passively transferred immune serum from the COBRA
HA VLP-vaccinated mice protected recipient animals more efficiently than immune serum from animals
vaccinated with vaccines containing wild-type HA proteins. COBRA vaccines against H3N2 and other
influenza A viruses, as well as influenza B, are underway. This is the first report describing the elicitation
of universal, broadly-reactive, protective sterilizing immunity against HIN1 isolates using a COBRA-
based HA strategy.
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Mucosal influenza vaccines

Hideki Hasegawa

Department of Pathology, National Institute of Infectious Diseases, Tokyo, Japan

Based on the understanding of the pathophysiology, we are currently investigating the protective
immune responses against influenza viral infection. The 2009 pandemic of influenza virus highlighted
the difficulty in predicting the subtype and strain of influenza viruses which cause a coming pandemic.
This fear of an emerging pandemic of new influenza underscores the urgency of preparing effective
vaccines to meet the pandemic. One mean to mitigate current concerns is to develop a flu vaccine that
is functional against drift influenza viruses. In our current situation, in which we can not predict which
strain will cause a pandemic, cross-protective immunity plays a particularly important role in preventing
the spread of highly pathogenic influenza viruses.

Intranasal administration of a vaccine induces cross-protective secretory IgA (S-IgA) antibodies on the
surface of nasal mucosa which is not induced by parenteral injection of the vaccine. S-IgA antibody in
nasal mucus can, unlike serum 1gG, prevent homologous and heterologous virus infection. However little
is known about the quaternary structures and neutralizing potencies of the polymeric S-IgA antibodies in
human. In this study, antibody responses induced by intranasal vaccination with a seasonal influenza
viruses and Highly Pathogenic Avian Influenza virus (HPAIV) A(H5N1) Whole Inactibvated Virion (WIV)
were measured in serum and nasal wash samples of healthy adult volunteers. Moreover the neutralizing
ability of S-IgA antibodies and those structures were analyzed. The result showed that the intranasal
vaccination of WIV can induce neutralizing antibodies both in serum and nasal mucus in human.
Moreover, the polymeric S-IgA antibodies induced by intranasal vaccination play a pivotal role in cross-
protection and neutralization of the virus.
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A universal influenza virus vaccine strategy based on the conserved stalk domain of the hemagglutinin

Florian Krammerl, Irina Marginel,2, Raffael Nachbagauerl, Natalie Pical,2, Rong Hail, Randy A.
Albrecht1, Adolfo Garcia-Sastrel,3,4 and Peter Palese1,3

1Department of Microbiology, Icahn School of Medicine at Mount Sinai, New York, New York, USA,2Graduate School of
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of Medicine at Mount Sinai, New York, New York, USA,4Glcbal Health & Emerging Pathogens Institute,Ilcahn School of Medicine
at Mount Sinai, New York, New York, USA

Background: Influenza virus infections remain a significant cause of morbidity and mortality worldwide.
Current vaccines show good efficacy against antigenically matched viruses by inducing strain specific
antibodies against the membrane-distal globular head domain of the viral hemagglutinin, but fail to protect
against drifted and pandemic strains. Due to the rapid antigenic drift of influenza viruses - especially in the
globular head domain - these vaccines have to be re-formulated, generated and administered through a
cumbersome and expensive process every year.The membrane-proximal stalk domain of the viral
hemagglutinin exhibits a high degree of both sequence and structural conservation across influenza virus
subtypes and monoclonal antibodies directed against this region typically show broad neutralizing activity.
However, these antibodies are rare and usually not induced/boosted by regular seasonal vaccines. We
hypothesize that a vaccine strategythat stimulates a robust immune response towards this region of the
hemagglutinin could provide universal influenza virus protection.

Methods: We developed a universal influenza virus vaccine based on the conserved stalk domain of group 1
and group 2 hemagglutinins. By sequential vaccination of mice with chimeric hemagglutinin constructs that
share the same stalk domain but have divergent head domains we were able to specifically boost broadly
neutralizing antibody titers against conserved epitopes in the hemagglutinin stalk.

Results: Mice vaccinated with our constructs were protected from morbidity and mortality induced by
infection with a panel of heterologous and heterosubtypic influenza A viruses. In the light of emerging viruses
in Asia it is of note that our vaccination regimen also protected animals from HEN1 and H7N9 virus challenges
and reduced lung titers upon H10 virus infection.In addition the chimeric HA based vaccination regimen also
showed efficacy in ferrets, induced high titers of broadly reactive antibodies against divergent
hemagglutinins from different subtypes and significantly reduced transmission in this model. Finally, we
showed that stalk-reactive antibodies were boosted in individuals that received an H5N1 vaccine in clinical
trials.This supports the hypothesis that exposure to hemagglutinins with divergent heads but conserved stalk
induces such antibodies in humans.

Conclusions: The present data suggest that this vaccine strategy could be successfully developed in humans
to provide broad influenza virus protection and enhance our pandemic preparedness.A universal influenza
virus vaccine, which - similar to the ones developed for polio and measles viruses - requires a single or only a
few immunizations, would represent a major advance towards the control of influenza worldwide.
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Abstract not available at this time.
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Single replication influenza vaccine M2SR elicits long-lasting, cross-protective immunity

Y Hattal, S Seymourl, S Sarawar2, T Ross3, C Crevar3, A Kelvind, D Kelvin4, D Banner4, S Watanabe5, G
Neumann5, Y Kawaoka5, P Bilsel1*
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Background: Influenza vaccines have remained virtually unchanged for decades. The most commonly
used vaccine is the trivalent inactivated vaccine (TIV). Despite annual updating to match the circulating
influenza strains, the effectiveness of TIV is only 60%. FluMist, a commercially available live flu vaccine,
is effective in children but not adults. A vaccine with greater efficacy that also provides heterosubtypic
protection would be considered a major transformation in the influenza vaccine market. Our M2SR
(Single Replication) vaccine candidate, an influenza virus that does not express M2 protein, has achieved
these characteristics in animal models and against multiple influenza subtypes (H3N2, HIN1 and H5N1).

Materials and Methods: Viruses were generated by standard influenza rescue techniques. H5N1
andH1N1M2SR viruses encode the hemagglutinin (HA) and neuraminidase (NA) from
A/Vietnam/1203/2004 (VN1203,H5N1)andA/California/07/2009 (H1N1), respectively. Mice or ferrets
were intranasally inoculated with HSN1 M2SR or HIN1 M2SR or mock-immunized. Sera were collected
on days 7, 14, 21 post-inoculation. Animals were challenged with a lethal dose of VN1203 virus 20 weeks
(mice) or 8 weeks (ferrets) later. HA-specific antibody responses were analyzed by ELISA or
hemagglutination inhibition (HI) assays. Influenza-specific cell-mediated responses in bronchoalveaolar
lavage or medial lymph nodes were analyzed by flow cytometry.

Results: All of the M2SR vaccinated mice and ferrets survived lethal VN1203 challenge whereas none of
the mock-immunized group survived. H5N1 M2SR vaccinated animals induced high levels of 1gG and IgA
in both serum and lung wash. These mice also displayed high HI titers whereas the HIN1 M2SR, and
mock-immunized groups did not display any HI activity. The H5N1 M2SR vaccinated animals did not have
any detectable challenge virus in any organ indicating sterile immunity. In contrast, virus was recovered
from multiple organs in the mock-immunized mice (systemic infection).

Conclusions: A single dose of M2SR vaccine induced long-lasting cross-protective immunity against lethal
H5N1 challenge in mice and ferrets (supported by NIAID Contract # HHSN2722010000311). Preliminary
results suggest that multiple cross-reactive immune responses contribute to the breadth of protective
immunity afforded by M2SR against different influenza virus subtypes.
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Cell culture based influenza vaccine

In Japan, influenza vaccines have been manufactured using embryonated chicken eggs as virus culture
substrate material for more than 40 years. Although the egg system has strengths, such as high viral
growth, initial purity and low adventitous agents, there are also several issues. Firstly, viral isolation in
eggs is becoming difficult, especially for H3, leading to mismatches between the vaccine and the
circulating strain. Secondly, antigenic changes are evident upon serial passaging in eggs, especially for
H3. Finally, there is low vaccine manufacturing flexibility in a pandemic situation, when a pandemic is
caused by a highly-pathogenic avian influenza virus.

After requests and support from the government, three vaccine manufacturers have developed cell
culture derived H5N1 vaccines. At Kaketsuken, we are using full suspension EB66 cells for the substrates,
in collaboration with GSK. The other two companies are using adherent Vero and MDCK cells. Thanks to
this national project, a pandemic vaccine for almost the entire Japanese population can be produced 6
months after a vaccine strain is established.

In our clinical studies, it was shown that the vaccine elicited homologous HI antibody responses that
exceeded CHMP criteria after 2 doses. Marked increase of neutralizing antibody after 2 doses was also
confirmed. Antibody induced by the vaccine was cross-reactive against drift variants. Regarding safety,
no incidence of serious adverse events or potential immune-mediated diseases related to KD-295. Based
on frequency and intensity of adverse events, the reactogenicity and safety data obtained up to Day 201
suggest an acceptable safety profile.

To maintain the cell culture facilities in inter-pandemic periods, and to address the issues related to the
egg-derived seasonal vaccine, we have to accelerate the seasonal vaccine development using the cell
culture platform. For this end, the selection of good candidate vaccine viruses (CVV) is very important.
As serial passaging in eggs results in antigenic changes, these CVV should be cell culture isolates.
Currently, a scheme to distribute MDCK isolates for the CVV is being established by the IFPMA and WHO
influenza collaborative centers.
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Status and Clinical Development of Next Generation Adjuvants For Respiratory Diseases

Steven Reed, Christopher Fox, Rhea Coler, Darrick Carter
Infectious Disease Research Institute

No defined, synthetic adjuvants are components of approved vaccines. However, safe and effective
adjuvants for prophylactic and therapeutic vaccine use are emerging from the identification and
optimizing formulations of small molecules. Effectively engaging macrophages and dendritic cells (DC),
leading to T cell responses is essential for developing a new generation of T cell vaccines (e.g.
tuberculosis, malaria, HIV), as well as for improving the quality and duration of antibody responses
(influenza, HIV). The most advanced approaches to new adjuvant development consist of using TLR
ligands (TLRL), to provide synergism between the formulation and the TLRL. Based on the success of the
endotoxin derived natural product, MPL®, a TLR4L, a number of synthetic molecules have been
developed and formulated into promising adjuvants. Position, number, and length of acyl chains present
in the TLR4L all influence responses by human antigen-presenting cells (APC). Formulation dramatically
influences the nature of the immune response induced. We have developed formulations of our lead
TLRAL, GLA, and have evaluated a variety of these, including oil/water emulsions, micellar, niosomal,
alum-adsorbed, and liposomal, in clinical trials and in a variety of preclinical models. When properly
formulated, GLA-based adjuvants enhance Th1 type responses in both mice and humans, as well as
induce more rapid immune responses against viral pathogens. Thus, it appears that selective molecular
synthesis and formulation may lead to a new generation of TLR4L- based adjuvants with improved
gualities over natural products. Clinical data on the use of next generation adjuvants for influenza and
tuberculosis vaccines will be presented.
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Comparison of antiviral activity between IgA and IgG specific to influenza virus hemagglutinin:
Increased potential of IgA for heterosubtypic immunity

Ayato Takada
Hokkaido University Research Center for Zoonosis Control

Influenza A viruses of 16 hemagglutinin (HA; H1-H16) subtypes are maintained in the waterfowl|
reservoir. Viruses of H1, H2, and H3 subtypes are known to have caused pandemics in humans, and the
emergence of new pandemic viruses of other HA subtypes has been a public health concern. Although
both IgA and 1gG antibodies are known to play important roles in protection against influenza virus, the
contribution of these antibodies to the cross-protective heterosubtypic immunity is not fully
understood. To compare in vitro antiviral activities of monoclonal IgA and 1gG recognizing the same
epitope on the HA molecule, polymeric IgA-producing hybridoma cells were subcloned from those
originally producing $139/1, an HA-specific monoclonal IgG that was generated against a virus strain of
the H3 subtype but had cross-neutralizing activities against the H1, H2, H13, and H16 subtypes. $139/1-
IgA and S139/1-1gG were used to directly compare antiviral activities between the isotypes. Both
$139/1-IgA and $139/1-1gG similarly bound to the homologous H3 virus in an enzyme-linked
immunosorbent assay, and there were no significant differences in their hemagglutination-inhibiting
and neutralizing activities against the H3 virus. In contrast, $139/1-IgA showed remarkably higher cross-
binding and antiviral activities against viruses of the heterologous subtypes than S139/1-1gG. It was also
noted that $139/1-IgA, but not S139/1-1gG, drastically suppressed the extracellular release of the viruses
from infected cells. Electron microscopy revealed that $139/1-IgA deposited newly produced viral
particles on the cell surface, most likely by tethering the virus particles. On the other hand, we found
that both subcutaneous and intranasal immunizations induced antibody responses to multiple HAs of
different subtypes, whereas IgA was not detected remarkably in mice immunized subcutaneously. As
expected, no heterosubtypic neutralizing activity was detected by a standard neutralization test in which
viruses were mixed with antibodies prior to inoculation into cultured cells. Interestingly, however, a
remarkable reduction of plaque formation and extracellular release of the heterologous virus was
observed when infected cells were subsequently cultured in the presence of HA-specific cross-reactive
lgA but not IgG antibodies. Taken together, these results suggest that the majority of HA-specific cross-
reactive IgG and IgA antibodies produced by immunization do not block cellular entry of viruses, but
cross-reactive IgA has greater potential to prevent influenza A virus infection than IgG, likely due to its
multivalency and increased avidity, and that this advantage may be particularly important for
heterosubtypic immunity.
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Pathogenic Mechanisms of the Emerging Coronaviruses

Coronaviruses cause high morbidity and mortality in humans and animals. Over the past decade, two
highly pathogenic human coronaviruses have emerged from bats and other intermediate hosts,
designated Severe Acute Respiratory Coronavirus (SARS-CoV) and Middle East Respiratory Coronavirus
(MERS-CoV). The emergence mechanisms of coronaviruses is associated with zoonotic virus recognition
of ortholog receptors across two or more species, and the molecular mechanisms driving cross species
transmission events and improved animal model development will be discussed. The emerging
respiratory cornaviruses cause acute respiratory distress syndrome (ARDS), a severe end stage lung
disease associated with 50% mortality rates. Using robust animal models, we are studying the genetic
and molecular mechanisms governing host susceptibility to highly pathogenic respiratory virus infection,
using systems biology, candidate gene approaches and unbiased genetic screens. We will demonstrate
novel and overlapping strategies of ISG manipulation following high/low path virus infection, and discuss
mechanisms of ISG control. Using these data and an unbiased candidate gene approach, we identify
target ISGs and other host genetic pathways that mediate protective or pathogenic roles following SARS-
CoV and MERS-CoV infections.
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Predicting Epidemic Strains of Influenza Viruses

Abstract not available at this time.
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Broad Neutralization of Influenza Viruses and Implications for a Universal Vaccine and Therapy

The major surface antigen, the hemagglutinin (HA), of influenza virus is the main target of neutralizing
antibodies. However, until recently, most antibodies were thought to be strain-specific and protect only
against highly related strains within the same subtype. In the few years, a number of antibodies have
been isolated that are much broader and neutralize across subtypes and groups of influenza A, as well as
influenza B, viruses through binding to functionally conserved sites. We have determined structures of
several broadly neutralizing antibodies with the HA and show their epitopes map to highly conserved
sites on the HA fusion domain {stem) in both influenza A (1-3) as well as influenza B (4) viruses. We have
also investigated antibodies that bind more broadly to the receptor binding site and protect against
different strains and subtypes (e.g. 4,5). The identification and characterization of the epitopes and
mode of binding of these antibodies provide exciting new opportunities for structure-assisted vaccine
design as well as for design of therapeutics that afford greater protection against influenza viruses.

'Ekiert et al. (2009) Antibody recognition of a highly conserved influenza virus epitope. Science 324:246-
251.

%Ekiert et al. (2011) A highly conserved neutralizing epitope on group 2 influenza A

viruses. Science 333:843-850.

*Friesen et al. (2014) A common solution to group 2 influenza virus neutralization.

Proc. Natl. Acad. Sci. U.S.A. 111:445-450.

“Dreyfus et al. (2012) Highly conserved protective epitopes on Influenza B viruses. Science 337:1343-
1348.

*Ekiert et al. (2012) Cross-neutralization of influenza A viruses mediated by a single antibody loop.
Nature 489:526-532

®Xu et al. (2013) A recurring motif for antibody recognition of the receptor-binding site of influenza
hemagglutinin. Nature Struct. Mol. Biol. 20:363-370

’Lee et al. (2014) Receptor mimicry by antibody F045-092 facilitates universal binding to the H3 subtype
of influenza virus. Nature Commun. 5:3614.
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Human Infections by Avian Influenza Viruses — Mechanism Study and Potential Application to
Increase Viral Yields in Cell-Based Vaccine Productions

Updated abstract not available at this time.
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Designing Clinical Trials for Novel ARI Vaccines: Primum Non Nocere

Background and Comments. Acute viral respiratory viral infections (ARIs) cause significant morbidity and
mortality worldwide in all age groups and populations. Among these, influenza, respiratory syncytial
virus (RSV) and emerging coronaviruses (SARS and MERS) pose daunting challenges related to vaccine
development.

Antigenic variation of influenza viruses requires annual reformulation of vaccines. Therefore, vaccines
capable of eliciting broadly neutralizing antibodies or targeting novel conserved antigens are desirable.
Ideally such vaccines would not require annual reformulation and/or annual immunization. Poor
immunogenicity of candidate inactivated avian influenza virus vaccines indicates the need for inclusion
of novel adjuvants, which may be associated with acute toxicity or long-term sequelae. Prepandemic
vaccines may not match the ultimate pandemic virus, further emphasizing the need for vaccines that
stimulate more broadly cross-reactive responses.

RSV has its greatest impact in infants and young children. Development of vaccines has been hampered
by the observation that formalin-inactivated vaccines elicited immunopathological responses in infants.
The pathogenesis of these reactions has not been determined, and the pace of vaccine development
was slowed following this observation. Novel strategies, including maternal immunization for passive
protection of the infant; and cautious assessment in seropositive (previously RSV- infected) children
followed by seronegative (RSV-naive) children, will be necessary to evaluate candidate RSV vaccines.

There is also concern regarding the potential for eliciting immunopathological responses following
immunization with candidate SARS vaccines based on animal models.

Designing clinical trials to assess safety and efficacy of candidate novel ARI vaccines will be discussed.
Selected examples of clinical trials of novel ARl vaccines will be presented. Trial design is determined by
prior experience, the nature of the product being tested and the need for identification of predictors of
immune response and correlates of protection (COP). Careful subject screening for health +/-
susceptibility to infection with vaccine +/- vector may be necessary. Subjects may need to be
sequestered when evaluating candidate live vaccines. Common adverse events (AEs) typically are
identified in phase I-phase Il trials, whereas rarer AEs may not be identified until phase Il efficacy or
post-marketing phase IV trials are undertaken. Careful monitoring of vaccinated individuals for the
occurrence of naturally—occurring infection may be necessary, even in the early phases of development.
Long-term follow-up of vaccinated individuals and identification of new COP including in-depth analyses
of antibody and cell mediated immune responses may be necessary in order to establish the safety and
efficacy of novel vaccines for prevention of AR
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ARI Vaccines Post Licensure: What Do We Expect and What are We Looking For?

Abstract not available at this time.
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