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General design of IRTA-CReSA — “Sandwich system”

AIr filtration

Animal facilities Laboratories

Residue treatment




Technical details

* Gradient of negative pressure

* Entrance of people

* Protecting people (Personal Protective Equipments)
* Entrance of animals and other materials

* Boxes for animals

* Residue treament

* Air filtration

e ... and many more...



Animal facilities at IRTA-CReSA

Boxes for livestock
and wildlife

Cages for small Climatic chamber for

mammals entomology




Animal species we have been working with

* Pig e Golden Syrian hamster

e Wild boar * Mice (different types)

* Sheep * Rat

* Cattle * Voles

* Goat * Chicken

* Horse (pony) e Duck

* Dromedary camel * Turkey

* Alpaca * Pigeon

* Llama * Quail NS, O 3
* Deer * Falcon ) - r’“\ ‘i P
* Chamois * Partridge e w e

* Ferret * Goose \ 7‘ o

Occasionally, plant BSL3 pathogens



... But we are here today to talk about
animal models and zoonotic diseases...
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Translational vaccinology/medicinal products

* Interdisciplinary approach built on basic
research advances used to develop new

vaccine/medicinal products:
e Study of biological in vitro processes

*  Animal models = R P e i Rt T
obey to the lack of other

substitutive methodologies

Vaccinology is based on the immune response of

humans and animals as well as its measurement,
which limits the scope of models to work with




Induced animal models

Spontaneous

animal models Orphan models

Negative models

Genetically modified

https://www.sciencedirect.com/science/article/pii/B9780128163528000084


https://www.sciencedirect.com/science/article/pii/B9780128163528000084
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Usefulness of animal models

 The development of pharmaceutical and vaccine products
for humans has a number of limitations: some efficacy

studies are not ethical or feasible!!

* The advantage for developing animal vaccines is that you

can do the research in the target species

Essential!!! (preclinical development for

human vaccines, and preclinical and clinical
development for animal vaccines)




Animal models and ethics
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“The Animal Rule” (FDA, 2015)

“Product Development Under the Animal Rule Guidance for Industry”

FDA “may grant marketing approval based on adequate and well-

controlled animal efficacy studies when the results of those studies
establish that the drug is reasonably likely to produce clinical benefit in

humans”.




Usefulness of animal models for the
development of products for humans

* “Mice lie and monkeys exaggerate...”

Sentence attributed toDr.
David B. Weiner, University of
Pennsylvania, USA

http://www.keyword-suggestions.com
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Usefulness of animal models for the development
of products for humans

S
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http://www.mitearrest.com

* Easy management
* Quick time of generation

* Genetically modifiable
* Availability of laboratory reagents

How representative of human diseases?;

possibility of “humanization”, and “knock-

out” and transgenic mice

https://en.wikipedia.org/wiki/Rhesus_macaque

e More similar to human diseases

High legal regulations and animal welfare and
ethic considerations; difficult to work in

environments BSL3 and BSL4
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Usefulness of animal models for the development
of products for humans

 Models with large animals may represent better models for some human
diseases (Levastetal., 2013; Seok et al., 2013)

e Similarity with human diseases

* Access to different tissue compartments

* Similarity with the immune response

« Multiple “readouts” availability for vaccine safety and efficacy

Gerdts et al., 2015



Usefulness of animal models for the development of
products for humans

* Some of the best animal models for certain human diseases are not easy

to be expected:

*  Human influenza viruses = ferret
*  Human rotaviruses = gnotobiotic pig

* Hespes simplex virus 1 = Aujeszky’s disease virus in pigs

* Pigs, ruminants and horeses may represent good animal models for

human diseases



The pig as a model for infectious diseases

Pig models for human infectious diseases

Pathogen Comments

Influenza virus Various ages (Influenza C and Influenza A subtypes H1N1,
HIN2, H2N1, H3N1, H3N2 and H2N3)

Rotavirus Neonatal gnotobiotic pigs

Norovirus Neonatal gnotobiotic pigs

Herpes simplex 1 Host-virus interaction

Nipah virus Young pigs

Bordetella pertussis Neonatal pigs

Escherichia coli Various ages, including neonatal pigs

Salmonella spp. Neonatal gnotobiotic pigs

Shigella spp. Neonatal gnotobiotic pigs

Clostridium spp. Neonatal gnotobiotic pigs

Brucella (suis) Various ages

Staphylococcus aureus Young pigs

Pseudomona aeruginosa Various ages

Helicobacter pylori Neonatal gnotobiotic pigs

Acanthamoeba keratitis Adult Yucatan micropigs

Chlamydia trachomantis Adult female (genital model)




Ruminants as a model for infectious diseases

Sheep and cattle models for human infectious diseases

Pathogen

Sheep

Cattle

Parainfluenza virus

Neonatal

Various ages, including
neonatal calves

Papilloma virus

Adult

Mycobacterium tuberculosis

Various ages, including
neonatal calves

Escherichia coli

Various ages

Various ages, including
neonatal calves

Schistosomiasis

Various ages

Brucellosis

Various ages

Various ages

Respiratory syncytial virus

Various ages, including
neonatal lamb (models for
human and bovine viruses)

Various ages, including
neonatal calves (bovine virus
only as a model)

Rotavirus

Neonatal gnotobiotic calves

Salmonella spp.

Various ages




Animal models and zoonoses

* Livestock species may be excellent models to study
some zoonotic diseases, since the vaccines are tested
in the own animal host

Sometimes the animal host is able to display a clinical

disease very similar to that of humans, but in a number
of cases, probably as a result of host-pathogen co-

evolution, hosts are just experiencing subclinical infections
and act as reservoirs




Building up an animal model

Do we have the right animal species to work with? - ANIMAL SPECIES
SELECTION

Do we have the right health status of the animal species selected? -

CLINICAL AND LABORATORY DIAGNOSIS/MONITORING

Do we have the right facilities/animal caretakers to work on the animal
model? - WHICH TYPE OF PATHOGEN SHOULD WE WORK WITH?
BSL2? BSL3? OTHER?



A couple of examples... zoonotic coronaviruses

MERS-CoV

Bats
Excreta
Insects/Flowers Saliva
Attract bats | Parturition

Palms
Dates/Flowers
Sap/Drinks
Shade B
Contact (climbing) o Structures/Caves
h [ Bat roosts

| ' Baboon/cat rodentcontact

/
Wind ‘
Stirs up dust /

’ Water
Contaminated

SARS-CoV-2

Camels
lliness
h Fresh excreta Humans

W Meat preparation
Milking/Milk
Close contact

Baboons
Fresh excreta Cats/rodents

Caves/trash  Fresh excreta
Pets
Close contact

Aerosol
Inhalation
Ingestion?
Self-inoculation
.Eye rubbing
.Nose picking
Meat/milk/urine contact

El misterioso origen del virus responsable del covid-19

LAS HIPOTESIS

Segun el informe conjunto
de expertos de la OMS

y de China, del 29 de marzo

Murciélago
\

/

SARS-CoV-2 2019/2021

Virus responsable

del covid-19
Aparecié en Wuhan,
China, a fines de 2019

Animal intermediario,

no identificado

¥ |
X |

El tején turon™

Transmision directa J
. Transmision
entre humanos

Carne congelada
Pista privilegiada por China

Origen en el laboratorio ‘
de virologia de Wuhan )
“Extremadamente improbable”
Adelantado por la administracion

del expresidente Donald Trump

*Elinforme también cita al simple gato doméstico, el conejo, el vison, |a civeta, el pangolin o el mapache japonés AFP.



Working with zoonotic coronaviruses at IRTA-
CReSA

* Working with MERS-CoV animal models since 2014
* Working with SARS-CoV-2 animal models since 2020




BSL3 laboratory facilities: PPE for MERS-CoV or
SARS-CoV-2

* FPP3 mask (North)

e Sundstrom ventilated (positive
pressure) overhead protection
SR530 with filter SR510 and
ventilator SR500

* Two pairs of gloves

e Second cover for working on
box or laboratory (Tyvek®).
ALV

g o eS|




Biosafety measures for MERS-CoV or SARS-CoV-2 in

animal box

HEPA Filtration in Double HEPA filtration in out coming air

incomyng air

Wear on boots, a
l biosafety gown over
( the green one and a
' ventilated overhead
% protection SR530
with filter SR510 and
SR300 ventilator

Dressing
room

Wear on

underwear, socks, | the entry, only
green gown, and a | when e_xit.

double layer of

gloves (nitrile and

latex). Go into
animal box.

Chemical
Inactivation

o]
o

ontainer wit
1% Virkon for
proper disposal
of the FFP3
masks

Showerl Dressing
room
No shower at Wear off blue

gown, shoes, socks
and underwear. Go
into shower
wearing only a
FFP3 mask and
blue nitrile gloves.

25
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MERS-CoV: vaccination of camelids as a first option to control the
transmission of the virus to humans

High rate of infection in camelid

Zoonotic infection

species

Limited transmission of the virus /ﬁ\

among people

Isolation and
quarantine

Vaccination of the reservoir:

camelids




Science |[RESTNY

Wil An orthopoxvirus-based vaccine
reduces virus excretion after MERS-CoV
infection in dromedary camels

Bart L. Haagmans,'* Judith M. A. van den Brand,' V. Stalin Raj,' Asisa Volz,*

Peter Wohlsein,” Saskia L. Smits,” Debby Schipper,' Theo M. Bestebroer,'

Nisreen Okba,' Robert Fux,”* Albert Bensaid,* David Solanes Foz,* Thijs Kuiken,'
Wolfgang Baumgiirtner,® Joaquim Segalés,*® Gerd Sutter,®* Albert D. M. E. Osterhaus®"5*

A
Mild clinical signs in camelids
B
C
= 10

Detection of MERS-CoV RNA and ~ § 3
A 2 2
infectious virus in nasal swabs ¢ 2
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£

1234 6 8 10 13 12 34 6 8 10 13
days post inoculation days postinoculation




At 4 dpi, infectious MERS-CoV

in noses and tracheas
B

Rectum
Jejunum

Duodenum

Heart
Adrenal
Kidney:

Spleen
Liver
Parotic salivary gland

Cervical In S
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Pulmonary In
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Nose cau dJ olfactory epitheliu

Nose medial: res\ratory epith

Nose frontal: respiragry epithelit

........
2 3 4 5 6 7 8 9

Virus titer (log TCID50/g tissue)

Histopathology and expression of viral antigen and

Ctrl-vaccinated MVA-S vaccinated

viral RNA in nasal respiratory epithelium
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Not easy to work with dromedary camels...




Reporting from the frontiers v f
of health and medicine

[l

STAT

Think your job is hard? Try squirting a

vaccine up a camel’s nostrils
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Potential surrogates for camels?

Blocking transmission of Middle East respiratory
syndrome coronavirus (MERS-CoV) in llamas by
vaccination with a recombinant spike protein

Jordi Rodon, Nisreen M. A. Okba, Nigeer Te, Brenda van Dieren, Berend-Jan
Bosch, Albert Bensaid, Joaquim Segalés, Bart L. Haagmans & Jilia Vergara-

Alert @ EM'.

Type | and Il IFNs produced by the nasal
epithelia and dimmed inflammation are
features of alpacas resolving MERS-CoV
infection

Nigeer Te(»'®, Jordi Rodon('®, Maria Ballester(:?, Monica Pérez', Lola Pailler-Garciac’,
Joaquim Segalés®>*, Julia Vergara-Alert' *, Albert Bensaid'

PLOS PATHOGENS



Is the Cold War Back? / Kobe’s Life Lessons

OUARAN"NE QUAPA-T —

ARANTINE

WHAT TO
KNOW AND
DO ABOUT

THE CORONAVIRUS SHOWS HOW VULNERABLE WE ARE
TO BIOLOGICAL THREATS. HERE'S WHAT WE MUST DO

BEAE NEWS



SARS-CoV-2: Vaccination of people; preclinical studies in
animals

Animal Potential * Experimental
hosts reservoirs . models

Abdel-Moneim y Abdelwhab, 2020



Experimental infections in animals: which ones have been
tested?

Cynomolgus macaque hACE2 transgenic Ferret Golden Syrian  Egyptian Racoon dog Bank vole Rabbit
and other NHP mice hamster fruit bat

White- Chinese tree

Cat Dog (Beagle) tailed shrews Cattle Pig Chicken Duck
deer

Bao et al,, 2020; Chan et al., 2020; Hallmann et al., 2020; Richard et al., 2020; Rockx et al., 2020; Shi et al., 2020; Schlottau et al., 2020, Ulrich et al., 2020; Freuling et al., 2020; Mykytyn et
al., 2020; Xu et al., 2020; FLI 2021; Palmer et al., 2021



Experimental infections in animals: which ones are
susceptible?

Cynomolgus hACE?2 transgenic Ferret Golden Syrian Egyptian Racoon dog Bank vole Rabbit
macaque mice hamster fruit bat
and other NHP

{'A,

White- Chinese tree Cat

tailed shrews Dog (Beagle) Cattle Pig Chicken Duck
deer

Bao et al,, 2020; Chan et al., 2020; Hallmann et al., 2020; Richard et al., 2020; Rockx et al., 2020; Shi et al., 2020; Schlottau et al., 2020, Ulrich et al., 2020; Freuling et al., 2020; Mykytyn et
al,, 2020; Xu et al., 2020; FLI 2021, Palmer et al., 2021
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Review

Animalmodelsfor COVID-19

https://doi.org/10.1038/s41586-020-2787-6  César Mufoz-Fontela'?, William E. Dowling®, Simon G. P. Funnell®, Pierre-S. Gsell®,
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Angela L. Rasmussen?, Joana Rocha-Pereira™, Barry Rockx?, Estefania Rodriguez'?,
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Advances and gaps in SARS-CoV-2 infection
models

César Mufioz-Fontela'2, Lina Widerspick: '3, Randy A. Albrecht?, Martin Beer?, Miles
W. Carroll®®, Emmie de Wit®’, Michael S. Diamond®®, William E. Dowling®°, Simon G.

P. Funnell®, Adolfo Garcia-Sastre?, Nora M. Gerhards'®, Rineke de Jong'?, Vincent

J. Munster®’, Johan Neyts ', Stanley Perlman'?, Douglas S. Reed'?, Juergen

A. Richt'?, Ximena Riveros-Balta'>, Chad J. Roy(»'®, Francisco J. Salguero(:°,

Michael Schotsaert°, Lauren M. Schwartz'®, Robert A. Seder'’, Joaquim Segalés '8,
Seshadri S. Vasan(»'%, Ana Maria Henao-Restrepo'®, Dan H. Barouch%°#



Use of different animal models

K18-hACE2 transgenic mice

Golden Syrian hamster




Golden Syrian
hamster model
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General thoughts

* Permanent need to develop pharmaceutical and vaccine products

* Need to develop new platforms to design and produce products

Necesidad de desarrollo de nuevos modelos animales

* Need to expand the espectre of preclinical possibilities:
* To reduce the number of animals in the experiment
* Use of alternative methods to animal experimentation

* How to reproduce the biological variability



Alternative methods for animal experimentation

https://tisserandinstitute.org/sars-cov-2-essential-oils-in-silico-studies/

* In silico methods or computer
models

* In vitro cell-based models
* Immortalized cell lines ";}? \
° Prima ry C e”S Day 7 (10X) \]\)‘a‘;;(IOX) Day 10 (10X)

https://www.merckmillipore.com/

* Three-dimensional (3D) models
* Organoids
* Organ-on-a-chip

https://kosheeka.com/how-do-primary-cells-differ-from-continuous-cell-lines/

ORGANS-ON-CHIPS

https://wyss.harvard.edu/technology/
human-organs-on-chips/



https://kosheeka.com/how-do-primary-cells-differ-from-continuous-cell-lines/
https://tisserandinstitute.org/sars-cov-2-essential-oils-in-silico-studies/
https://www.merckmillipore.com/
https://wyss.harvard.edu/technology/human-organs-on-chips/
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PERSPECTIVES

Reproducibility of animal research
In light of biological variation

Bernhard Voelkl?», Naomi S. Altman(», Anders Forsman(, Wolfgang Forstmeier(,
Jessica Gurevitch(®, lvana Jaric(®, Natasha A. Karp(®, Martien J. Kas(,
Holger Schielzeth(®, Tom Van de Casteele(® and Hanno Wiirbel

“In contrast to the current gold standard of rigorous standardization in
experimental animal research, we recommend the use of systematic
heterogenization of study samples and conditions by actively incorporating
biological variation into study design through diversifying study samples and

conditions.”



e OIE Animal Health @OIEAnimalHealth - 54m
me=t2it Preventing future pandemics will likely cost between $18-$27 billion/year
over 10 years. That may seem like a lot, but it's less than 1% of the cost of

the current pandemic & avoids the additional suffering & disruption.

It's time to invest in pandemic prevention! #OneHealth




Many thanks for your attention!



