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EDITORIAL
Welcome to the third issue of the ICRAD Newsletter!

The enormous consequences of the COVID-19 pandemic have reinforced the importance of a robust preparedness to react rapidly and timely to
emerging and re-emerging zoonoses. We are confident that the 2nd ICRAD call “One health approach to zoonoses research and innovation” provides
a substantial tool to contribute to the development of novel and improved instruments to understand and control zoonoses, including novel detection,
intervention and prevention strategies,

The succesful use of mRNA vaccines against COVID-19 has enlightened and emphasised the crucial role of vaccines to control transmission and prevent
severe disease and deaths caused by emerging pathogens.

However, the fast development of these modern vaccines was only possible due to preceding year-long research efforts to establish the suitable
vaccine platform. This strongly supports the perception that appropriate funds for vaccine resaarch remain of utmost importance to control infectious
diseases. In the light hereof, this issue presents a global survey on research and innovation gaps within veterinary vaccinology to gain insight on the
key gaps, priorities and barriers that need to be adressed in the future.

In addition, this issue provides 3 interesting contributions elucidating scientific and practical challenges related to the development and use of
plant-based parasite vaccines, mANA vaccines per s, and mRNA vaccines for fish, respectively.

Enjoy your reading.

Fer Mogensen Jens Nielfsen
[CRAD project manager ICRAD eoordinatar




Second Call for Transnational Collaborative Research Projects:
“One Health Approach to Zoonoses Research and Innovation”
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Special focus on-

IMPROVED UNDERSTANDING OF EPIDEMIC AND EMERGING
INFECTIOUS ANIMAL DISEASES - Research Area 1

MANA VACCINES FOR FISH, STILL AN UNMET
CHALLENGE

Authors:
A. Martin, C. Ayad, P. Boudinot & B. Verrier

Aguaculture is a fast growing sector, and has emerged as the
ideal solution to the decline of wild fish stocks. In 20 years,
global aguaculture production has tripled, making it a key sector
of the food industry'. However, the intensification of fish farming
practices is not without consequences. Increased stocking den-
sities typically leads to higher risk of infectious diseases and
losses can exceed 40% of total production for some species?,
Although effective against a wide range of pathogens, antibiotic
treatments face problems of drig resistance and safety’. In
szlmen aguaculture, they have therefore been replaced by vac-
cines against bacterial diseases, in a transition towards more
sustainable practices that do not promote selection of multire-
sistant pathogens threatening public health®, Besides the con-
siderable reduction of bacterial outhreaks by licensed vaccines,
viral diszase outbreaks remain a major constraint to the growth
of aguaculture®, |t is therefore essential to develop new versatile
and effective vaccines for the prevention of future bacterial and
viral diseases in aguaculture,

To date, the majority of vaccines avaitabie to prevent epidemics
in aguaculture target bacterial pathogens. Formulated mainly
with inactivated or attenuated micre-organisms and oil-based
adjuvants, current vaccines often induce an insufficient immune
response to viral agents*. The emergence of new nucleic
acid-basad vaccines offers a promising alternative for providing
high protection againstviruses that decimate aguaculture popu-
lations. Marketed since 2005 in Canada, the APEX-IHN vaccine
(Elanco) is the pioneer DNA vacdine licensed Tor use in aguacul-
ture to protect Atlantic salmon against infectious haematopoiet-
ic necrosis virus (IHNV)*. Reducing the mortality rate by almost
85% in treated individuals, this vaccdine demonstiates the added
value of using nucleic acids in vaccines®, More recently, in 2017,
the CLYNAV vaccine (Elanco) was approved by the European
Cammission against salmon pancreatic disease (SPOV)E. Despite
their ability to significantly reduce the infectious lead and trans-
mission potential of certain viruses, DNA vaccines face the
apprehension that vaccinated fish are GMOs. The possible risk of
integration into the genome of the vaccinated host has been

shown to ba very low, but DNA vaccinated fish is still considared
as GIMO by part of the public. mRNA vaccines provide an ansveer
to these limiting factors.

Because of its great versatility, mRNA has indead become a key
player in the prevention and treatment of dissasss® mRNA vac-
cines have been particularly highlighted in recent months for
their key role in the 5ars-Cov-2 health crisis even if their efficien-
cy seems transient and require repeated hoosting. Significant
pragress in improving delivery metheds and stabilizing mRNA
has made them a very powerful and religble tool for vaccination.
If mENA-based therapies are now a priority area of research, it is
also because they have many advantages over other approach-
es. Frstly, mRNA induces strong iImmune responses. [t dees not
integrate inta the genome and is not infectious, thus guarantee-
ing safer administration than the injection of whale viruses or
DMA"™, Furthermore, the activity of mRMNA is limited by its natural
degradation in the body. This transient nature gives it real thera-
peutic added value by minimizing any undesirable immune
responses’.

However, the development of mBENA vaccines faces certain
obstacles and guestions: the cost of production, the storage of
vaccines at low temperatures to limit the degradation of mRNA,
the dose necessary to ensure effective pratection, and the mech-
anisms-of action of mAMA (induction of response, duration of the
immune response, etc.).

In this respect, the NucManoFish project, funded by lcrad, pro-
poses to establish a nucleic add platform using biodegradable
nanaparticles for an sfficient delivery of nudleic acld vaccines,
thraugh intra-muscular or aral/immersion rautes, against well
-known viral diseases of several European Tarmed fish species.
Qur research strategy is based on cutting edge research, both on
fish animal models and viral immunity, and also on basic science
regarding mAMNA design and mANA wvaccne wvehicles. For
instance, one ICRAD partner has been focusing its efforts on two
magcr areas of optimization since 201/ on the one hand, the
improvement of mANA sequences in order to make it more
stable and lo increase its potency, and on the other hand, the
develapment of an innovative biodegradable vector able to pro-
tect and celiver mRMNA to the cytosol of antigen-presenting cells
(APC). We believe that altogether, such improvements would
enakble to elicit a better immune respanse at lower mRNA doses,
subsequently reducing the overall cost of production.




Untransiated regions (UTRs) play a crucial role in mANA stabilfly
and transiational efficizncy, Due to their extensive long-life, the use
of aand f-globin genes from either hurman or Xenopus leevis has
been desctibed for a long time as the standard apptoach to
improve mRNA stability when considering vacclnes develop-
ment'', However, the capabilities of UTRs are not universal and
vary according to the species or cell type targeted. | istherefore
reguired to adapt UTR sequences to the target in order to get an
appropriate mRANA expression. Hera, we aimed to design a
master vector with the property of enhancing mRNA potency in
fish species, Several 5'UTR and poly(A}l regiohs were assessed
using in vitro and in vive models and led to the identification of
a promising mRANA sequence template. On figure 1, enhanced
grean flusrescant protein (eGFP) reporter gene was flanked by
wwo different synthetic 5UTRs with high ribosome loading
(namely UTR2 and UTR4) while PolyiA) was fixed to its optimal
length, ie 148 units. The different mBNA constructions where
intramuscularly injected In zebrafish, either naked or farmulated.
Results showed a higher eGFP expression with UTR4 than with
UTR2, confirming that the optimization of mRMNA sequence Is a
key factor to enhance mBRNA potency in view of vaccine applica-
tion'® The importance of an adeduate carrier was alsa highlight-
ed, as tTransfection efficlency was much greater when mRNA was
encapsulated in Lipid Manoparticles (LMPs) than with its free
form.

Nakad RNA mMRENA=LNP

Figure 1. 8-rmonth-old zebrafish (n=1 for negative control as well as
naked mRMNA, n=3 for mANA-LNP) were intramuscularly injected with
either 10 JL of naked mRNA (20 ng/mL) or 10 pl of mRNA-LNP cem-
plexes (200 ng of mRANA), respectively. eGFP expression was observed
with a Lelca fluerescent stereomicroscope on anesthetized animals at
48 h post-injection. The:site of injection and the location where the
pictureywas taken (red square) are presented in the drawing, Scale bar,
Z mm.

In parallel, the Nucnanafish consertium? has been working on
the development of a versatile nucleic acid delivery platform,
which would reduce the payload of mRNA needed by improving
first internalization and then endosomal escape in cells of inter-
est, such as APC. While LNPs comprising four lipids (including an
innizable one) are (o date the geld standard for mANA vacdina-
tion platform and used as reference In our studies, we have
designed an innovative hybrid vector. The latter, depicted in
figure 2 and named LipoParticles (LP), is based on biodegradable
polyilactic acid) nanoparticles coated with |ipid bilayers. The use
of a rigid care, whose added value compared to lipesomes has
been evidenced in vitro previousiyl3; allows not anly the stahili-
zation of final assemblies and a promising transfection efficiency
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in vitro but also the encapsulation of adjuvants such as Nod32
immunemedulatorst 4 that can foster pretective responses. The
potential of this nanocarrier to rigager an immurne response will
ke shartly evaluatad in vive in twa species of farmed fish (rain-
bow trout and common carp), using two viral models for which
prelimimary data exist, the SVCV (Spring viremia of Carp Virus)
and YHSV (Viral Hemorrhagic Septicemia Virus), before extend-
ing the approach to other fish viruses.

Figure 2. | ipoParticles preparation from catlonlc liposames and nega
tively charged PLA nancparticles
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Special focus on-

VETERINARY VACCINOLOGY

Biotechnology and
Biological Sciences

Research Council

RESEARCH AND INNOVATION GAPS WITHIN VET-
ERINARY VACCINOLOGY

Key findings on Veterinary Vaccinology Gaps identified
by the Global Veterinary Vaccinology Research and
Innovation Landscape Survey Report.

In July 2021, UKRFBBSRC (BBSRC), in consultation with other
animal health funders, conducted a survey on the global veteri-
nary vaccinology landscape to gain insight on the key gaps,
priotities and barriers that need to be addressed in the future,
This survey was launched to inform the refresh of the BBSAC
Veterinary Vaccinology strategy’.

122 responses were recelved from 42 countries. The majority of
respondents worked in academia, major disciplines included
Vacdnology, Immunology, Virology, Molecular Biclogy and Bac-
teriology.

Key research and innovation gaps ldentified fram the
survey include:

« Understanding fundamental immunology remains a priority
including the nature of protective immunity and host-pathogen
interactions and hence understanding of correlates and surro-
gates of protection. There is a need for advanced standardised
technologies as an enakler to be able te detect and measure
cotrelates/surragates of protection.

« More research and innovation are required to understand mu-
cosal immunology and vaccinology and the ability to deliver
vaccine to these sites,

« Immunological methods and technologies act as enablers for
studying immune responses in all veteninary species and thus
vaccine develapment. Future research should consider collabo-
rative work using in vitro tools alongside in silico tools. Over-
arching databases that coordinate knowledge of develapment,
availability, distribution, and exploitation of lab reagents in
collaboration with commercial partners will be key.

«The veterinary vaccinology community has stressed the need 1o

'ﬁrrpﬁc'.'ﬁtlsrtuﬁ.wq_fq‘ncumrm-‘wﬁ-wrcmwmamhw-:m:!my:'

use appropriate model systems for developing and testing
vaccines, Suitable use and access to animal models to assess
catety is required. spedhcally in field settings. One response
fuated:

"There are no equivalents to B or T cell knockout mice for livestock
animais, Often profound differences in the repertoire and function
af immunesystem componenis exist, such that findings do not
ahways transiale acrass species”

« & key priority for the future is the need Lo establish and char-
acterise pipeline of ‘plug and play’ platforms of vaccine plat-
form technologies. These need to be efficacious, economically
suitable scalable, rapid to produce and requlatad. Data analytics,
biginformatics, and genomic databases will play a key underpin-
ning role in supporbting technology platform development.

Key collaboration, capability and capacity gaps identi-
fied in the survey include:

- The nature of veterinary vaccinology research and innovation
racuires collaborative working., Coordinated response and
knowledge exchange is needed between academia, regula-
tors, and industry fo understand the vacane develooment
landscape.

More suppaort is needed In promoting a One Health approach
by aligning veterinary and human vaccine research and innova-
tion, Cne response quoted:

“Wore consideration should be given o public health benefits and
haw these can be valted.”

« There is a need to support and maintain capacity in veterinary
vaccine reséarch across the entire vaccinology research and
development career rack

+ The Covid-19 pandemic has highlighted the priority of
strengthening emergency research capacity, manufacturing,
and infrastructure (inc. containment facilities) in veterinary
clinical practice for emerging epidemic and epizootic diseases
and that capacity isrequired for large scale vaccine field trials.




= el B 1 on niovil daccine echniology platforms
Rult-dme:

Looking forward:

Veterinary vaccinology research and innovation has made signif-
icant headway in the last five years through the success of being
a global collaborative community. The survey has provided
priorities for future research and innovation within the field
spanning the veterinary vacdnology plpeline. The results of this
survey will be used to help inform the refresh of the BESRC Veter-
inary Vaccinology strategy and provide a framework for future
research and innavation activities.

The Global Veternary Vaccinology Landscape Survey Report will be
pubiished in 2022 slongside the Veterinary Vaccinology strotegy
2022-2027.
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ARE PLANT-BASED EXPRESSIONS SYSTEMS THE SOLUTION FOR WORM

VACCINES?

Authors:

Peter Geldhof — Laboratory of Parositology, Faculty of
Veterinary Medicine, Ghent University, Belgium

Ruud Wilbers = Laboratory of Nematolegy, Wogeningen
University

Gastro-intestinal worms are worldwide, both in humans and
animals, among the most commeon pathogens. It is estimated
that around 1.4 billioh people are either infected or exposed to
gastro-intestinal worms wordwide. In the veterinary field, basi-
cally every anirmal is infected at a certain time-point in life. Both
inhumans and animals, contral of worm infections relies almost
entirely on treatment with anthelmintics. However, with the
increasing incidence of anthelmintic resistance, immunolegical
control of worm infections through vaccination is often put
farward as the most rational and cost-effective alternative (1,2),

Progress in this area, however, has been disappointing. At this
moment, there are twa commercial vacdnes an the market that
protect armimals against nematode infections, le Huskvac
against the lungworm Dictyocaulus viviparus in cattle and
Barbervax against the sheep abomasal nematode Hoemornchius
contortus. Importantly, both these vaccines are based on maten-
al directly derived from the parasites. The Huskvac vaccine is
hased on irradiated Infective larvas whereas the Barbervax vac-
cine is based on a crude artigen mixture extracted from the gut
of adult H. cortorius worms. This type of approach is unfartu-
nately not applicable far most nematode species as [tis practical-
Iy imnpossible to ebtain large quantities of worm material. For this
reason, since the early 1990s, a large number of subunit vaccines
have been evaluated against a range of gastro-intestinal nema-
todes, Unfortunately, very few of these vacdnes induced suffi-
cient levels of protection to consider further commercial devel-
opment_ This is particularly the case for recombinantly produrced
antigens.

The failure to induce protection is often explained by the inap-
propriate folding of the peptide backbone and/or the lack of
glycosylation on these recombinant antigens. Many nematode
antigensindeed carry N- and/or O-glycans on their peptide core
and some of these can be highly immuneogenic. Bacterial expres-
sion systems are not able to perform complex glycan medifica-
tions and the glycan decorations that occur in eukaryotic expres-
sion systems, like yeast and insect cells, often show little resem-
blance 1o the glycans naturally found on nematode proteins

However, over the last two decades plants have emerged as a
versatile alternative expression system for the production of
recombinant (glycol)proteins. Plants offer several advantages
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Figure T - Glyco-enginesring of recombinant proteins in plants. Plants
have emerged as a versatile production host of biopharmaceutical
proteins that k quick. Tlexible, cost-effective and scalable. Many
bigpharmacesticals are decoraled with sugar structures (called
glycans), which can vary in sugar compasition between different
organisms. Hence, producing a biopharmaceutical might requlre
engineering of the praduction host in order to obtaln the most effec-
tive drug. As llustrated above, the attachment of glycans to protelns
lalycosvlation)] is initiated in the endoplasmatic reticulum (ER). At this
stage the givcan is still immature and mainly consists of mannose
residues. However, when a sacreted proteins passes through the Goigi
several medifications occur in a highly coordinated process. Piants
generally add very simple glycan structures on thelr preteins, which
offers an easy starting paoint for glycan engineering (glyco-engineer-
ingl With glyco-enginesring we are able {0 remove plant specihic
enzymes that are respensible for undesired. glycan medifications
(indicated by red crosses) or introduce glycan modifying enzymes
from different organisms {indicated with yeliow and red cartoons)
alengside your protein of interest
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over more traditional expression systems in terms of speed, scal-
ability and proguction costs, Furthermore, the risk of contamina-
tion with mammalian pathogens is low when using plant-bzsed
expression systems. Three major expression strategies are
currently used for recombinant protein production: 1] transient
expression in containad greenhouses, 2) stable transgenic plants
either contained in greenhouses or open fields, and 3) plant cell
suspension cultures, Especially the transient expression system
imost common in the tabacco variety Nicotiana benthamiana)
now alsc offers opportunities to fight emerging pandemics. The
scalabiiity and speed of this expression system allows for the
praductian of millions of influenza or COVID-19 vaccine doses in
amenth (3, 4). Also, in the fight against helminth parasites plants
are starting to play a role. For example, an antigen of the human
hockwatm Necator americanus was expressed at high levels in
Micotiana benthamiana plants and has entered phase | clinical
trials {5). More recently. plants have been exploited for the pro-
duction of recombinant halminth glycoprotaing with a defined
M-glycan cormposition (see figure 1). Recombinant glycoproteins
from the human parasite Schistosoma mansoni were produced
in M. benthamiana plants with a native glycan compositian by
adapting the post-translational machinery of the plants (6). The
outcome ofthese studies show that it js now technically possible
1o synthesise helminth glycoproteins with a tailored glycan com-
position. This development will now fuel new develepments in
recombinant helminth antigen production with tailor-made
M-glycans with, hapefully, improved vaccine efficacy.
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mRNA VACCINES & ZOONOSIS
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Environmental factors play a key role in the zoonotic transmis-
sion of emerging pathogenic viruses amongst other infectious
agents as mankind is constantly disturbing wildlife's ecosystems
by cutting down forests to bulld human settlements or by catch-
ing wild animals for foad, which deprives the viruses of their
natural hosts and gives them opportunity to infect humans [da
Silva et al, 2021)

Through coevalution of infectious agents such as virlses a rela-
tionship is developed between them and host species, restricted
by genetic adaptation that leads to a spedies bamier. During the
event of spill-over of such infectious agents in new host, severe
disease may oceur due to the lack of adaptation Lo the new host
(Wrona et al 2009). Bats and birds are the main animal reservoirs
of infections for viruses such as coronavirus from which they can
e transmitted to other animals that live near with humans (Woo
at al 2012). Genetic mutations and acquirement of new genes or
modification of existing ones i.e,, those encoding the spike pro-
tein {5) or Receptor Binding Domain (RBD), may eccur leading to
aclaptations that enable them to cross species barriers (Qu et al,,
2005; Wu et al, 2012). The bats are considered as the most preva-
tent factor for newly emerging viral infections due to several
reasons. They are mammals and actually & very diverse order
(1240 spedies corresponding to 20% of all the known mammali-
anspecies o the planet) (Han et al, 2020), They live up to twenty
years, they live in large commumities in very dose proximity to
one-another making the passing of infectious diseases withing
their communities very easy. In addition, their immune system
seams to enable virus persistence (Chan et al., 2013). They have
in their peripheral blood higher number of T-cells than B-cells
leadmg tothe lackof adequatc amaounts of I'IEIJITEI“ZTHQ antibod-
iss, suggesting that the control of viral infections in the bats may
occur via unknewn mechanisms adapted by their immune
systern which needs te be elucidated (Baker et al, 2013; Banerjee
et al,, 2020),

The immune systemn is expected and has been proven to offer
protection against widespread infections that may be lethal, Vac-
cne development is a key component in the prevention of wide-
spread life-threatening diseases across species barrier It is
proven to be effective in controlling polio, vellow fever, measles,
and human influenza viruses (Pardi et al, 2018), Traditional vac-
dnes stimulate an antibody respanse by injecting into the body
antigens in various forms, i.e. specific proteins, whole attenuated
or inactivated infectious virus or bacteria, or a recombinant anti-
gen-encoding veclor (harmless carrier with an antigen trans-
gene). These antigens are prepared and grown cutside the body
(Batty et al, 2020). Therefors, they may be subjected to unin-
tended and even undetected modulations, Furthermore, tradi-
tional vacdnes require the preduction of pathogens, which, if
done al high volumes, could increase the risks of localized oul-
breaks of the pathogen at the production facllity.

In the 19903, there was enthusiasm for DNA-based gene therapy
to preventand treat human disease without the need to encoun-
ter all the above-mentioned difficulties. The messenger RNA
{mRMA), a single-stranded ANA, that is complementary to one of
the DMNA strands of a gene was considered also attractive for
quite a few reasens. It is made in the cell nucizus and then
exported to the cytoplasm where it is taken ug by immune
system cells such as dendritic cells through phagocytosis and
the encoded pathogen's antigens are synthesized by the den-
dritic internal machinery (ribosomes) (Pardi et al,, 2018). The syn-
thesized protain molecules stimulate an adaptive immune
response o create antibodies thal precisely target that particu-
lar pathogen. In the meanwhile, the fragments of mANA are
degraded by the body within a few days after introduction. Since
the mRNA fragments are translated in the cytoplasm do not
affact the body's genamic DNA which is in the nucleus of the cell
(Park et al., 2020). However, when research on this asped started
in the late 80' serious problems were faced. The molecule of
mRMNA was found to be highly unstable and extremely hard to
workwith, almost impossible to be delivered intactinto a foreian
body and even if that was ever succeeded it elicited very strong
inflammatory response. It took decades of hard work with dead
ends, rejections, and dogged persistence before In vitro-tran-
scribed (IVT) mANA expressing therapeutic proteins was
succeeded, (Dolgin 2021).

Cverall, the advantages of mRNA vaccines over fraditional vac-
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vaccines are many. They include the ease of design, the speed therefore immune response, decraasing the amount of starting
and lower cost of production, the induction of both cellular and material needed (Pardi et al, 2018; Jeeva et al., 2021). Because
humoral immunity, and the lack of interaction with the genomic mMBNA vaccines are not constructed from an active pathogen [or
DMA The mBMNA is translated in the eyvtosol, 2o there is no need even an inactivated pathogen), they are non-infectious Also
for the RNA to enter the <cell nucleus, and the risk of being [nte- since the antigens are produced inside the cell. they stimulate
grated into the host genome is averted, since thera isno need to cellular immunity, as well as humeoral immunity (Kramps & Elders
camy such nucleus entering mechanisms{Verbeke et al, 2019}, 2017}
Because some viruses (i.e., Retrovirus) have mechanisms to be
imported into the nucleus, where single-stranded RMNA can use A serious problem that needed to be tackled was that for a vac-
reverse franscriptase to make DOMNA from the RNA, there is misin- cine to be successful sufficient mRNA must entar the host cell
formation implying that mRENA vaccines could alter DNA In the cytoplasm to stimulate production of the specific antigens.
nucleus. mRNA in the cytosol is very rapicly degraded before it faked mANA is ineffective in entering the cells since it is unsta-
would have time te enter the call nucleus. Na eell culturs, ble and easily destroyed by RMAases in skin and blood and its
blohazarg materials, and complex purification precedures are size and negative charge prevents it from crossing the cell mem-
reqguired. Another advantage is that mRNA vaccines do not brane by simple diffusion due to electrostatic repulsion. Another
induce wector immunity, thus not interfering with subsequent major step in innovating RNA technolegies was the encapsula-
vaccinations. tion af its molecule in lipid nanaparticles (LNP) to facilitate their
deliveryinto the cells (Buschmann etal, 2021). Liposome-encap-
The in vitro transcribed mBMNA has the same structural compo- sulated mBNA was shown in 1993 to stimulate T cells in mice. The
nents as natural mRNA in eukaryotic cells. It hasa 5' cap, a 5-un- following year self-amplifying mRNA was developed by includ-
translated region (UTR) and 3'-UTR, an open reading frame (ORF}, ing both a viral antigen and replicase encoding gene. The
which encodes the relevant antigen, and a 3-palyiA) taill. By method was used in mice to elicit both a humeral and celiular
modifying these different components of the synthetic mRNA, immune response against a viral pathogen (Pascole 2004), The
the stability and translational ability of the mBEMA can be next year mENA encoding a tumor antigen was shown to elicit a
enhanced, and in turn, the efficacy of the vaccine improved. The similar immune response against cancer cells in mice (Kallen &
mEMA nucleotides can be modified to both decrease inpate Thef, 2014). The fust clinical phase 1 studies using modified
immune activation and increase the mRNA's half-life in the host mAMNA vaccines in LNP were against influenza wirus H10 and H7
cell {Kariko et al, 2008). For example, pseudouridineg, 2'-0-meth- hemagglutinin (HA) during the years between 2015 and 2018,
ylated nucleosides can be incorporated to mRNA to suppress resulting in 100% seroconversion. The success of COVID-19
immune response stimulation to avoid immediate degradation mEBEMA vaccines has proven that RMNA technology, as a new plat-
and produce a more persistent effect through enhanced transla- farm, is safe and effective for commercial production (Figure 2).
tion capacity (Figure 1)
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Figure 1. Chemical structurs of uridine and pseadouridine with num- ceutics 601z 120586 hitpsy/www.sciz noedinect com/sciencefarti-
berlng of selected atoms In the pyrimidine rings. Figurs 1- uploaded cle/plvs037es 17321003914

by Finn Kirpekar hitpsy/wew rescarchgate net/figures A-Chemical-struc
tura-ol-uridine-ard- pseudouridine-with-numbering-of-selected-atoms-in v "
figs 11004070, The short-term reaction of the body to the vacdne [called reac-

togenicity) is similar te that of conventional, non-ANA vaccines,
However, adverse reaction to mRNA vaccines could be scored

Replacing rare codons with synonymous codons frequently used occasionally by individuals susceptible to an autoimmune
by the host cell also enhances pretein production. The open response (Pardi et al., 2018). To minimize this, MANA sequences
reading frame (ORF) and untranslated regions (UTR] of mRNA in mRMA vaccines are designed to mimic those produced by host
can be optimized for different purposes {a process called cells.

sequence engineering of mBNA), for example through enriching

the guanine-cytosine content or choosing specific UTRs known There have been rapid developments in safe and effective mANA
o increase translation. An additional ORF coding for a replica- vaceines for zoonolic infactions in the past year. mRNA vacdines

tion mechanism can be addad to amplify antigen translation and are in development for several other potential pandemic zoo-
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notic infections, incuding Ebola virus, rabies virus, Zika virus,
HIV-1, Chikunguya vires and Influenza. Although the develop-
ment of viral variants of influenza has accurred at a pace that has
been too rapid for effective vaccine development, there may be
hope for the control of pandemic avian influenza by the combi-
nation of improved and rapid viral genotyping and the rapid
development and mass production of mRNA vaccines (Feld-
mann et al, 2019). The initial response to the epidemic of
SARS-Cal-2 was too little and too late and resulted in the pan-
demic that vwe currently face (Bailey ot al,, 2018; Mascola & Faud
202C], The hope lies in rapid and effective vaccination prodrams
that include mRNA vaccine technology. Living with viruses of
high pathogenicity will anly be passible with effective vaccina-
tion programs. New outbreaks from zoonotic viral infections,
such as coronaviruses and influenza viruses, require early detec-
tion and control ta prevent the development of future pandemic
and endemic diseases.
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Second Call

Second Call for Transnational Collaborative Research
Projects: “One Health Approach to Zoonoses Research
and Innovation”

Timeline

Submission of research project proposals

1st October 2021 Launch of the co-funded call

First step: submission of pre-propasals
15th December 2021, 15:00 ; s
: Deadline for pre-proposal submission

31st March 2022 Comemunication of l_Eilglhﬂ!tY ;m& and evaluation outcomes
to the research project coordinators

Second step: submission of full proposals
15th Aprll 2022 Full-proposal submission cpen

30th June 2022, 15:00 CEST Deadiing for full proposal submission

Communication of the evaluation outcomes and the funding

isENovenber A2 recommencation to the research project coordinators

National/Regional grant agreements

1st quarter 2023 Start of research projects

Funded research project monitoring {estimated)

4th quarter 2024 Mid-term report
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