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INTRODUCTION TO THE 2021 EDITION


It has been a decade since this book first came out and became a New York Times bestseller. We’ve been through the Obama years and now we’ve got Donald Trump. I’m still out there calling for a third-party alternative, and I seriously thought about entering the 2020 race as an independent candidate. People are hungry for a straight shooter, and I like to think I qualify as one We sure can’t say that secrets and lies aren’t the prevailing “wisdom” among our political leaders. Fake news wasn’t even in our lexicon ten years ago, and now it’s even harder to know what’s real and what’s a fabrication or straight-out lie. Walter Cronkite used to help us make an informed decision, and today we’ve got a thousand pundits competing for our attention on TV and social media. It’s no longer about truth, but instead ratings and “clickbait” headlines.


So I’ve decided it’s time for an updated edition of 63 Documents the Government Doesn’t Want You to Read. The historical perspective that the first edition of this book provided is more relevant than ever. But what I want to do here is bring you up to speed on some of the most important issues of our time as we enter the third decade of the twenty-first century.


You’ll read about one of the companies involved in the race for a COVID-19 vaccine; about how the Russians used social media to influence the last election; about how climate change is considered a high-level national security threat by our own military; about how the Trump administration has covered up the truth about white supremacists, instigating the protests against racial injustice; and about what the Pentagon doesn’t want us to know about UFO sightings and the projects in its Advanced Aerospace Threat and Identification Program (AATIP).


I hope these documents—kicking off this new edition—will help serve as a wake-up call to our citizenry in a world increasingly out of the pages of George Orwell. We can’t afford to pretend any longer that “ignorance is strength.”
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THE VIRUS VACCINE


By the time this book comes out, there may already be a vaccine for the COVID-19 virus. One of the three companies in the race to make this happen is Moderna, based in Cambridge, Massachusetts. There are, however, some very strange things about this outfit. Firstly, they’ve never produced a vaccine. Secondly, they were on the verge of bankruptcy until Bill Gates and Anthony Fauci stepped in with funding.


We’ll start with a shocking paragraph in Moderna’s vaccine patent application in 2019, about the possibility of a “deliberate release” of coronavirus. This ties right into reports our intelligence agencies were looking into: that COVID-19 might have escaped from the lab in Wuhan, China, where it was created.


The main document about Moderna looks at the fact that the company never revealed any of the grant money it was receiving from the Pentagon’s Defense Advanced Research Project Agency (DARPA), The RNA vaccine it’s developing has never been made before. And guess what? It’s designed to alter your genes.
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1. Introduction


This research note examines apparent failures to disclose U.S. federal government funding of the inventions claimed in several patents assigned to Moderna Therapeutics (“Moderna”). It focuses on awards from the Defense Advanced Research Projects Agency (DARPA).


While similar issues can be raised regarding funding of Moderna from other agencies, including the Biomedical Advanced Research and Development Authority (BARDA) and the National Institutes of Health (NIH), this note focuses on the role of DARPA. KEI will publish a different research note examining the reporting of R&D funding by BARDA and the NIH.


The obligation to disclose U.S. federal government support in patent applications is a requirement of the Bayh-Dole Act and regulations issued by the U.S. Patent and Trademark Office.


Moderna was one of the awardees under the Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPT) program and performed research related to mRNA vaccines with funds granted by DARPA. Moderna used the ADEPT funding in their Chikungunya and Zika vaccines programs. It is likely that the DARPA awards more generally supported the establishment of their mRNA platform, which can be used against other viral infections, including COVID-19. This support is acknowledged by DARPA itself, for instance on the DARPA website it currently has a statement stating “[t]he first coronavirus vaccine to start human testing is from DARPA investment in the Moderna company.”1


Several of the patents filed by Moderna since March 22, 2013 (when their first grant from DARPA was awarded), claim inventions related to methods and compositions for inducing an immune response by administering an mRNA vaccine. Some of these patents are specifically related to their Chikungunya and Zika vaccines programs, some are directed to vaccines against other viral infections, and others are generally relevant to the mRNA platform Moderna has developed.
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KEI examined the 126 patents assigned to “Moderna” or “ModernaTx” as well as 154 patent applications. Despite the evidence that multiple inventions were conceived in the course of research supported by the DARPA awards, not a single one of the patents or applications assigned to Moderna disclose U.S. federal government funding.


2. DARPA backed mRNA vaccines research early on


Messenger RNA (mRNA) is a ribonucleic acid (RNA) molecule complementary to one of the deoxyribonucleic acid (DNA) strands of a gene.2 mRNA serves as an intermediary that carries the genetic information of a DNA molecule to the cell machinery responsible for protein synthesis.3 Due to this role as an intermediary, mRNA has been considered for years as a candidate for prophylactic and therapeutic applications. One of the potential mRNA applications is in vaccine development. Conventional vaccines usually contain inactivated pathogens that mimic the infectious agent. When administered, they stimulate an immune response. In mRNA-based vaccines, however, no pathogens are introduced. Rather, the instructions on how to produce an immune response are encoded in mRNA and provided to a subject.


Some scientists have been advocating for the use of mRNA as a vaccine platform for years.4 One of the key benefits of mRNA in vaccine development is flexibility. In principle, any protein can be encoded and expressed by mRNA; this, in theory, enables the development of a wide range of therapeutic and prophylactic applications. Another key feature is safety. Because mRNA is non-infectious, there is no potential risk of infection or insertional mutagenesis.5


Successful use of mRNA in vivo to elicit a physiological response has been reported since the early 1990s.6 However, despite promising results, these findings did not lead to substantial private investment towards developing mRNA therapeutics largely due to concerns associated with mRNA instability, high innate immunogenicity and inefficient in vivo delivery.7 It took decades before using mRNA as a vaccine platform became an attractive approach for private investors. Nevertheless, at a time when private investors were still skeptical about mRNA, DARPA made an early push in support of this approach to vaccine development. Starting in 2011, the agency allocated millions of dollars towards developing mRNA platform technologies.


DARPA initially pioneered the research into mRNA vaccines through their Autonomous Diagnostics to Enable Prevention and Therapeutics: Prophylactic Options to Environmental and Contagious Threats (ADEPT-PROTECT) program.8 One of the goals of this program was to “develop methods to transiently deliver nucleic acids for vaccines and therapeutics, and kinetically control the timing and levels of gene expression so that these drugs will be safe and effective for use in healthy subjects.”9 In 2017 the agency launched the Pandemic Prevention Platform (P3) to continue its work on “rapid discovery, characterization, production, testing, and delivery of efficacious DNA- and RNA-encoded medical countermeasures,”10 such as the mRNA vaccines. All together, DARPA has awarded millions of dollars to de-risk early research in this field, including awards to pharmaceutical companies focused on the mRNA approach. Moderna is one of the beneficiaries of this funding, as the next section further explains.
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3. DARPA was one of the first funders to support mRNA research at Moderna


Moderna was created in 2010 by Harvard University biologist Derrick Rossi and other academic co-founders. Moderna launched their initial public offering (IPO) on December 6, 2018, selling 11 approximately 26.3 million shares at $23 dollars each. Since inception they have had several 12 candidates in their pipeline, at different stages of development, but none have been approved or launched in the market. In January 2020 Moderna started their mRNA-1273 program, a potential COVID-19 vaccine that is based on the mRNA approach. Moderna has been awarded nearly a billion dollars by the Biomedical Advanced Research and Development Authority (BARDA), an agency of the U.S. federal government, to develop mRNA-1273. 13


Long before the COVID-19 pandemic, however, Moderna had already received awards from federal agencies. DARPA, in particular, backed this company early on. On March 22, 2013, DARPA awarded Moderna “approximately $1.4 million” under the agreement W31P4Q-13-1-0007.14 This award was titled “[m]odified RNA technology for production of antibodies for immune prophylaxis.”15 Next, on October 2, 2013, DARPA awarded Moderna “up to $25 million to research and develop its messenger RNA therapeutics platform as a rapid and reliable way to make antibody-producing drugs to protect against a wide range of known and unknown emerging infectious diseases and engineered biological threats.”16 The award was identified under the number W911NF-13-1-0417, and was part of the ADEPT-PROTECT program. Moderna has stated in SEC disclosures that, as of December 31, 2019, $19.7 million of the amount committed under the W911NF-13-1-0417 award had been funded.17
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At the time of the DARPA awards, Moderna was still a relatively small company. Although the company was created in 2010, the oldest press release currently in company archives dates back to December 6, 2012. On that day Moderna announced $40 million in venture funding from Flagship Pioneering.18 The Flagship Pioneering venture capital appears to be one of the first significant investments in Moderna. The DARPA awards came shortly after, and it appears that they represented an important share of the total funding Moderna had raised at the time. As explained in the sections below, the DARPA awards in 2013 supported several aspects of their mRNA research and likely led to a number of patented inventions assigned to Moderna.


8. None of the Moderna patents or applications disclose the DARPA awards


On August 18, 2020, KEI searched the United States Patent and Trademark Office (USPTO) Patent Full-Text and Image Database (PatFT) database for patents assigned to “Moderna” “ModernaTx.” The search returned 126 patents.45 There were also 154 applications located by searching the Patent Application Full-Text and Image Database (AppFT) with the same criteria.46


KEI then reviewed whether any of these patents or applications disclosed funding from the U.S. federal government as required by the Bayh-Dole Act. KEI examined the text of these patents and applications, including their certificates of corrections if any were present. Not a single one of these patents and applications disclosed grants or contracts from the U.S. federal government. Considering the history of DARPA support for this company, which likely led to at least some of their inventions, we believe that Moderna likely failed to meet their disclosure obligations.


This apparent failure to disclose U.S. government funding in patents contrasts with the disclosures Moderna has made to their investors. In several documents filed with the SEC Moderna has acknowledged that some of the research they have conducted has been funded by the U.S. federal government. The company has explained to their investors that, because of this, they “may not have the right to prohibit the U.S. government from using certain technologies developed by [them], and [they] may not be able to prohibit third-party companies, including [their] competitors, from using those technologies in providing products and services to the U.S. government.” Moderna has further told investors in several disclosures filed with the 47 SEC that “[t]he U.S. government generally takes the position that it has the right to royalty-free use of technologies that are developed under U.S. government contracts.” 48


This apparent failure to disclose also contrasts with statements made by other DARPA awardees. In November 15, 2011, DARPA awarded $33.1 million to a consortium integrated by CureVac, Sanofi-Pasteur, and In-Cell-Art to develop mRNA vaccines. This award was also 49 part of the ADEPT program that supported the mRNA research performed by Moderna. In contrast with Moderna, however, CureVac has disclosed DARPA funding in several issued patents. For example, this is the case in U.S. patent 10,653,768 (the ‘768 patent) issued on May 19, 2020.
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9. KEI asks DARPA to investigate whether Moderna failed to disclose their awards


KEI asks DARPA to investigate the apparent failures to disclose government funding in patents and applications assigned to Moderna, and take remedial action.


An investigation on Moderna’s failure to disclose should include but not limited to granted patents and pending applications broadly directed to (a) vaccines compositions and methods for inducing an immune response against the Chikungunya virus, (b) vaccines compositions and methods for inducing an immune response against the Zika virus, (c) vaccines compositions and methods for inducing an immune response against coronaviruses, including COVID-19, and (d) methods and compositions generally applicable to their mRNA platform, regardless of the indication for which they are useful. It should include all patents and applications claiming a priority benefit on or after March 22, 2013, the grant date of the first DARPA award. An investigation should also cover pending and unpublished applications, including any mRNA platform technologies that Moderna may be using in their COVID-19 vaccine mRNA-1273 program.


DARPA should conduct a comprehensive investigation of the patent portfolio Moderna has built since the first award supporting their research in 2013. Merely for illustration purposes, below KEI has provided a list of patents that, from our research, should be part of a DARPA investigation since they meet at least one of the three criteria explained above.


The ‘597, ‘342, and ‘731 patents


KEI urges DARPA to investigate failures to disclose government funding in U.S. patents 10,702,597 (the ‘597 patent), 10,675,342 (the ‘342 patents) and 10,238,731 (the ‘731 patent). These three patents all claim a priority date after the start of the DARPA awards in 2013. Most of their claims are directed to Chikungunya vaccine compositions, or methods of inducing an immune response in a subject by administering a Chikungunya vaccine. The inventions claimed in these patents are based on the mRNA vaccine approach. These patents name Sayda Elbashir, Giuseppe Ciaramella, and Sunny Himansu among the co-inventors, scientists that are also listed as co-authors in the Science immunology paper that reports research related to Chikungunya and acknowledges one of the DARPA awards.50


Since several of the above mentioned inventors have acknowledged performing work under the DARPA awards around the time when their inventions were likely conceived, there is strong evidence suggesting that they should have disclosed U.S. government funding in at least some of these patents. If that is the case, the U.S. government has certain rights over these patents. Despite this, none of these patents disclose contracts or awards from the U.S. government. 
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The '767, '940, '244, '269, and '055 patents


KEI urges DARPA to investigate failures to disclose government funding in U.S. patents 10,653,767 (the ‘767 patent), 10,517,940 (the ‘940 patent), 10,449,244 (the ‘244 patent), 10,273,269 (the ‘269 patent), and 10,124,055 (the ‘055 patent). These five patents all claim a priority date after the start of the DARPA awards in 2013. Most of their claims are directed to Zika vaccine compositions, or methods of inducing an immune response in a subject by administering a Zika vaccine. The inventions claimed in these patents are based on the mRNA vaccine approach. These patents name Giuseppe Ciaramella and Sunny Himansu among the co-inventors, scientists that are also listed as co-authors in the Cell paper describing research related to a mRNA Zika vaccine and acknowledges one of the DARPA awards.51


Since these two inventors have acknowledged performing work under the DARPA awards around the time when their inventions were likely conceived, there is strong evidence suggesting that they should have disclosed U.S. government funding in at least some of these patents. If that is the case, the U.S. government has certain rights over these patents. Despite this, none of these patents disclose contracts or awards from the U.S. government.


The ‘435 and ‘779 patents


KEI also urges DARPA to investigate apparent failures to disclose U.S. government funding in patents assigned to Moderna that are generally applicable to their mRNA platform. KEI believes this is reasonable considering that DARPA itself seems to believe that the mRNA platform Moderna used for their COVID-19 vaccine candidate was funded with their awards to the company. Of particular interest are the patents broadly directed to the mRNA platform that claimed priority benefits after March 22, 2013, and list as co-inventor any Moderna scientists that have acknowledged performing work under the DARPA awards, namely Sayda Elbashir, Matthew Theisen, Elisabeth Humphris-Narayanan, Giuseppe Ciaramella, or Sunny Himansu. U.S. patents 10,022,435 (the ‘435 patent) and 10,709,779 (‘779 patent), which name Giuseppe Ciaramella as one of the co-inventors and are generally directed to methods of vaccinating a subject by administering an mRNA encoding an antigenic polypeptide, meet this criteria.


The ‘600 patent


KEI urges DARPA to investigate apparent failures to disclose U.S. government funding in patents assigned to Moderna that are directed to methods and compositions specifically against coronaviruses, including COVID-19. DARPA itself reports to shareholders that the mRNA-1273 program involves technology that they funded. Of particular interest is U.S. patent 10,702,600 (the ‘600 patent), which claimed “[a] composition, comprising: a messenger ribonucleic acid (mRNA) comprising an open reading frame encoding a betacoronavirus (BetaCoV) S protein or S protein subunit formulated in a lipid nanoparticle.” The ‘600 patent was disclosed in the conflict of interest section of an academic paper relating to COVID-19, published by the New England Journal of Medicine (NEJM) - which suggests that it is relevant to the mRNA-1273 program.52 The patent names Giuseppe Ciaramella and Sunny Himansu as inventors, both of which acknowledged performing work under the DARPA awards in two academic papers.
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Other patents


DARPA is also asked to investigate apparent failures to disclose U.S. government funding in patents assigned to Moderna that are generally applicable to their mRNA platform, even if none of the scientists that have acknowledged DARPA funding in academic papers are listed as co-inventors. Acknowledging funding from the U.S. government in an academic paper surely constitutes strong evidence indicating that the equivalent patents should have disclosed those grants or contracts. Nevertheless, the opposite is not necessarily true. Work supported under federal grants or contracts might have not yielded an academic paper making such disclosure, but this does not mean that the work was not funded by the U.S. government.


10. Remedies for Non-Disclosure


Failure to disclose subject inventions pursuant to 35 U.S.C. § 202(c)(1) permits the federal government to “receive title to any subject invention not disclosed to it within such time[.]”


35 U.S.C. 202 Disposition of rights. (c) Each funding agreement with a small business firm or nonprofit organization shall contain appropriate provisions to effectuate the following:


(1) That the contractor disclose each subject invention to the Federal agency within a reasonable time after it becomes known to contractor personnel responsible for the administration of patent matters, and that the Federal Government may receive title to any subject invention not disclosed to it within such time.


The funding agencies should remedy a failure to disclose by at a minimum requiring a correction to the patent and more appropriately by taking title to the patents themselves, as the sanction for the failure to disclose.
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HMPV RNA VACCINES

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 16/040,981, filed Jul. 20, 2018, which is a continuation
of U.S. application Ser. No. 15/674.599. now U.S. Pat. No.
10.064.934, filed Aug. 11, 2017, which is a continuation of
nternational - application number PCT/US2016/058327,
which claims the benefit under 35 US.C. § 119(¢) of USS.
provisional application No. 62/244,802, filed Oct. 22, 2015,
US. provisional application No. 62/247,297, filed Oct. 28,
2015, US. provisional application No. 62/244,946, filed
Oct. 22, 2015, USS. provisional application No. 621247.362,
filed Oct. 28, 2015, U.S. provisional application No. 627244,
813, filed Oct. 22, 2015, U.S. provisional application No.
621247.394, filed Oct. 28, 2015, U.S. provisional application
No. 62/244.837. filed Oct. 22, 2015, USS. provisional appli-
cation No. 62/247.483, filed Oct. 28, 2015, and U.S. provi-
sional application No. 62/245,031, filed Oct. 22, 2015, cach
of which is incorporated by refercnce herein in its entircty.

BACKGROUND

Respiratory disease s a medical term that encompasses
pathological conditions affecting the organs and tissues that
make gas cxchange possible in higher organisms, and
udes conditions of the upper respiratory tract, trachea,
‘bronchi, bronchioles, alveoli, pleura and pléural cavity, and
the nerves and muscles of breathing. Respiratory diseases
range from mild and self-limiting, such as the common cold,
0 life-threatening entities like bacterial pneumonia, pulmo-
nary embolism, acute asthma and lung cancer. Respiratory
disease is a common and significant cause of illness and
death around the world. In the US, approximately 1 billion
“common colds” occur each year. Respiratory conditions
among the most frequent reasons for hospital stays among
children.

The human metapneumovirus (AMPV) is a negative-
sense, single-stranded RNA virus of the genus Preumoviri-
nae and of the family Paramyxoviridae and is closely related
to the avian metapneumovirus (AMPY) subgroup C. It was
solated for the first time in 2001 in the Netherlands by using
the RAP-PCR (RNA arbitrarily primed PCR) technique for
identification of unknown viruses growing in cultured cells.
WPMV is second only to RSV as an important cause of viral
lower respiratory tract illness (LRI) in young children. The
seasonal epidemiology of hMPV appears to be similar to that
o RSV, but the incidence of infection and illness appears o
be substantially lower.

Parainfluenza virus type 3 (PIV3), like hMPY; is also a
negative-sense, single-stranded sense RNA virus of the
genus Pneumovirinae and of the family Paramyxoviridae
and is a major cause of ubiquitous acute respiratory infec-
tions of infancy and carly childhood. Its incidence peaks
around 4-12 months of age. and the virus is responsible for
3-10% of hospitalizations. mainly for bronchiolitis
peumonia. PIV3 can be fatal, and in some instances
associated with neurologs chas febrile seizures.
Itcan also result in airway remodeling, a significant cause of
‘morbidity. In developing regions of the world, infants and
young children are at the highest risk of mortality, either
Trom primary PIV3 viral infection or a secondary conse-
quences, such as bacterial infections. Human parainfluenza
viruses (WPIV) types 1, 2 and 3 (hPIV1, hPIV2 and hPIV3,
respectively). also like hMPV, are sccond only to RSV as
important causes of viral LRI in young children.
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RSV, t0o, is a negative-sense, single-stranded RNA virus
of the genus Pneumovirinae and of the family Paramyxo-
viridae. Symptoms in adults typically resemble a sinus
infection or the common cold. although the infection may be
asymptomatic. In older adults (e.g.. >60 years), RSV infec-
tion may progress o bronchiolitis or pneumona. Symptoms
in children are often more severe, including bronchiolitis
and pn nonia. It is estimated that in the United States,
most children are infected with RSV by the age of three. The
RSV virion consists of an internal nucleocapsid comprised
of the viral RNA bound to mucleoprotein (N), phosphopro-
tein (P), and large polymerase protein (L). The nucleocapsid
is surrounded by matrix protein (M) and is encapsulated by
a lipid bilayer into which the viral fusion (F) and attachment
(G) proteins as well as the small hydrophobic protein (SH)
are incorporated. The viral genome also encodes two non-
structural proteins (NS1 and NS2), which inhibit type 1
interferon activity as well as the M-2 protein.

“The continuing health problems associated with hMPV,
PIV3 and RSV are of concern intemationally, reinforcing the
importance of developing effective and safe vaceine candi-
dates against these virus.

Despite decades of research, 1o vaccines currently exist
(Sato and Wright, Pediatr Infect. Dis. J. 2008: 27(10 Suppl):
$123-5). Recombinant technology. however, has been used
1o target the formation of vaccines for hPIV-1, 2 and 3
serotypes, for example, and has taken the form of several
Tive-atienuated intranasal vaccines. Two vaccines in partict
far were found to be immunogenic and well tolerated against
BPIV-3 in phase I trials. hPIV1 and hPIV2 vaccine candi-
dates remain less advanced (Durbin and Karron, Clinical
infectious diseases: an official publication of the Infectious
Diseases Society of America 2003; 37(12):1668-77).

Measles virus (MeV), like hMPV, PIV3 and RSV, is a
negative-sense, single-stranded RNA virus that is the cause
of measles, an infection of the respiratory s
the genus Morbillivirus within the family Paramy
Humans are the natural hosts of the virus; no
reservoirs are known o exist. Symploms of measles include
fever, cough, runny nose, red eyes and a generalized, mici
lopapular. erythematous rash. The virus is highly contagious
and is spread by coughing

In additional to hMPV, PIV, RSV and MeV. betacorona-
viruses are known to cause respiratory illnesses. Betacoro-
naviruses (BetaCoVs) are one of four genera of coronavi-
ruses of the subfamily Coronavirinae in the family
Coronaviridae, of the order Nidovirales. They are envel-
oped. positive-sense, single-siranded RNA viruses of
zoonotic origin. The coronavirus genera are each composed
of varying viral lineages, with the betacoronavirus genus
containing four such lineages. The BetaCoVs of the greatest
clinical importance concerning humans are OC43 and
HKUT of the A lineage, SARS-CoV’ of the B lineage, and
MERS-CoV of the C lineage. MERS-CoV is the first beta-
s belonging to lincage C that is known to

The Middle Fast respiratory o
(MERS-CoV), or EMC/2012 (HCoV-EMC/2012), initially
referred to as novel coronavirus 2012 o simply novel
coronavirus, was first reported in 2012 afier genome
sequencing of a virus isolated from sputum samples from a
person who fell ill during a 2012 outbreak of a new flu. As
of July 2015, MERS-CoV cases have been reported in over
21 countries. The outbreaks of MERS-CoV' have raised
serious concerns world-wide. reinforcing the importance of
developing effective and safe vaccine candidates against
MERS-CoV.
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Severe acule respiratory syndrome (SARS) emerged in
China in 2002 and spread to other countries before brought
under control. Because of a concern for reemergence or a
deliberate release of the SARS coronavirus. vaccine devel-

opment was initiated.

Deoxyribonucleic acid (DNA) vaccination is one tech-
nique used to stimulate humoral and cellular immune
responses to foreign antigens, such as hMPV antigens and/or
PIV antigens and/or RSV antigens. The direct injection of
genetically engineered DNA (e.g., naked plasmid DNA) into
a living host results in a small number of its cells directly
producing an antigen, resulting in a protective immunologi-
cal response. With this technique, however, comes potential
problems, including the possibility of insertional mutagen-
esis. which could lead to the activation of oncogenes or the
inhibition of tumor suppressor genes.

SUMMARY

Provided herein are ribonucleic acid (RNA) vaccines that
build on the knowledge that RNA (e.g., messenger RNA
(mRNA)) can safely direct the body’s cellular machinery to
produce nearly any protein of interest, from native proteins
to antibodies and other entirely novel protein constructs that
can have therapeutic activity inside and outside of cells. The
RNA (e.g.. mRNA) vaccines of the present disclosure may
be used to induce a balanced immune response against
hMPYV, PIV. RSV, MeV, and/or BetaCoV (e.g., MERS-CoV,
SARS-CoV, ICoV-OC43, TICoV-229L, [CoV-NL63,
HCoV-NL, HCoV-NII and/or HCoV-HKU1). or any com-
bination of two or more of the foregoing viruscs, comprising
both cellular and humoral immunity, without risking the
possibility of insertional mutagenesis, for example. hMPV,
PIV, RSV, MeV, BetaCoV (e.g., MERS-CoV, SARS-CoV,
HCoV-OC43, HCoV-229E, HCoV-NL63, HCoV-NL,
THCoV-NIT and [ICoV-HKUT1) and combinations thereof are
referred to herein as “respiratory viruses.” Thus, the term
“respiratory virus RNA vaccines” encompasses hMPV RNA
vaccines, PIV RNA vaccines, RSV RNA vaccines, MeV/
RNA vaccines, BetaCoV RNA vaccines. and any combina-
tion of two or more of hMPV RNA vaccines, PIV RNA
vaccines, RSV RNA vaccines, MeV RNA vaccines, and
BetaCoV RNA vaccines.

The RNA (e.g. mRNA) vaccines may be utilized in
various settings depending on the prevalence of the infection

or the degree or level of unmet medical need. The RNA (c.g.
mRNA) ines may be ulilized to treat and/or prevent a
hMPV, PIV, RSV, MeV. a BetaCoV (e.g.. MERS-CoV, s

SARS-CoV, IICoV-OC43, THCoV-229L, THCoV-NL63,
HCoV-NL, HCoV-NH, HCoV-HKU1). or any combination
of two or more of the forepoing viruses, of various geno-
types, strains, and isolates. The RNA (e.g.. mRNA) vaccines

have superior properties in that they produce much larger 5

antibody titers and produce responses earlier than commer-
cially available anti-viral therapeutic treatments. While not
wishing to be bound by theory. it is believed that the RNA
(e.g.. mRNA) vaccines, as mRNA polynucleotides, are
better designed to produce the appropriate protein confor-
‘mation upon translation as the RNA (e.g.. mRNA) vaccines
co-opt natural cellular machinery. Unlike traditional vac-
cines, which are manufactured ex vivo and may trigger
unwanted cellular responses, RNA (e.g., mRNA) vaccines
are presented (o the cellular system in a more native fashion.

In some aspects the invention is a respiratory virus

vaceine, comprising at least one RNA polynucleotide having

&

5 frame encoding at least one (e.g., at least 2,3, 4 or 5) hMPV,

4
an open reading frame encoding at least one respiratory
virus antigenic polypeptide, formulated in a cationic lipid
nanoparticle.

Surprisingly, in some aspects, it has also been shown that
efficacy of mRNA vaccines can be significantly enhanced
when combined with a flagellin adjuvant, in particular, when
one or more antigen-encoding mRNAs is combined with an
mRNA encoding flagellin.

RNA (e.g., mRNA) vaccines combined with the flagellin
adjuvant (c.g.. mRNA-encoded flagellin adjuvant) have
superior properties in that they may produce much larger
antibody titers and produce responses earlier than commer-
cially available vaccine formulations. While not wishing to
be bound by theory, it is believed that the RNA (e.g
mRNA) vaceines, for example, as mRNA polynucleotid
are better designed to produce the appropriate protein con-
formation upon translation, for both the antigen and the
adjuvant, as the RNA (e.g., mRNA) vaccines co-opt natural
cellular machinery. Unlike traditional vaccines, which are
manufactured ex vivo and may trigger unwanted cellular
responses, RNA (e.g., mRNA) vaccines are presented to the
cellular system in a more native fashion.

Some embodiments of the present disclosure provide

5 RNA (e.g, mRNA) vaccines that include at least one RNA

(e.2.. mRNA) polynucleotide having an open reading frame
encoding at least one antigenic polypeptide or an immuno-
genic fragment thercof (e.g., an immunogenic fragment
capable of inducing an immune response to the antigenic
polypeptide) and at least one RNA (e.g., mRNA polynucle-
otide) having an open reading frame encoding a flagellin
adjuvant.

Tn some embodiments, at least one flagellin polypeptide

. (e, encoded flagellin polypeptide) is a flagellin protein. In

some embodiments, at least one flagellin polypeptide (c.g..
encoded flagellin polypeptide) is an immunogenic flagellin
fragment. In some embodiments, at least one flagellin poly-
peptide and at least one antigenic polypeptide are encoded
by a single RNA (eg., mRNA) polynucleotide. In other
embodiments, at least one flagellin polypeptide and at least
one antigenic polypeptide are cach encoded by a different
RNA polynucleotide.

In some embodiments at least one flagellin polypeptide

5 has at least 80%, at least 85%, at least 90%, or at least 95%

identity to a flagellin polypeplide having a sequence iden-
tified by any one of SEQ ID NO: 54-56

Provided herein, in some embodimen a ribonucleic
acid (RNA) (e.g., mRNA) vaccine, comprising at least one
(e.g.. atleast 2, 3. 4 or 5) RNA (e.g.. mRNA) polynucleotide
having an open reading frame encoding at least one (e.g., af
least 2. 3, 4 or 5) hMPV, PIV. RSV, MeV, or a BetaCoV (e.g..
MERS-CoV, SARS-CoV, HCoV-OC43, HCoV-229E,
HCoV-NL63, HCoV-NL, [ICoV-NII, [ICoV-IIKU1) anti-
genic polypeptide, or any combination of two or more of the
foregoing antigenic polypeptides. Herein, use of the term
“antigenic polypeptide” encompasses immunogenic frag-
ments of the antigenic polypeptide (an immunogenic frag-
ment that is induces (or is capable of inducing) an immune
response to hMPV, PIV. RSV, MeV. or a BetaCoV), unless
otherwise stated.

Also provided herein, in some embodiments, is a RNA
(e.g.. mRNA) vaccine comprising at least one (e.g.., at least
2,3. 4 or 5) RNA polynucleotide having an open reading

PIV. RSV, MeV, and/or a BetaCoV (e
SARS-CoV, HCoV-OC43,
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