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Biosafety level 3 animal and 
laboratory facilities

Campus UAB (Universitat Autònoma 
de Barcelona, Spain)



General design of IRTA-CReSA – “Sandwich system”

2. Air filtration

1. BSL3 animal and laboratory facilities

0. Residue treatment (liquids and solids)

LaboratoriesAnimal facilities

Air filtration

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

• ... and many more...



Animal facilities at IRTA-CReSA

Cages for small 

mammals

Boxes for livestock 

and wildlife

Climatic chamber for

entomology



Animal species we have been working with

• Pig

• Wild boar

• Sheep

• Cattle

• Goat

• Horse (pony)

• Dromedary camel

• Alpaca

• Llama

• Deer

• Chamois

• Ferret

• Golden Syrian hamster

• Mice (different types)

• Rat

• Voles

• Chicken

• Duck

• Turkey

• Pigeon

• Quail

• Falcon

• Partridge

• Goose
Occasionally, plant BSL3 pathogens



... But we are here today to talk about
animal models and zoonotic diseases...



Translational vaccinology/medicinal products

• Interdisciplinary approach built on basic 
research advances used to develop new 
vaccine/medicinal products:
• Study of biological in vitro processes 

• Animal models Highly regulated and must 
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



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

Induced animal models

Spontaneous 
animal models

Negative models
Genetically modified

Orphan models

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

Usefulness of animal models



https://healthculturesociety2015.wikispaces.com

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”.



• “Mice lie and monkeys exaggerate…”

http://www.keyword-suggestions.com

Sentence attributed toDr. 
David B. Weiner, University of 

Pennsylvania, USA

Usefulness of animal models for the
development of products for humans
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http://www.mitearrest.com

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

• More similar to human diseases

High legal regulations and animal welfare and 

ethic considerations; difficult to work in 

environments BSL3 and BSL4

Usefulness of animal models for the development
of products for humans
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• Models with large animals may represent better models for some human
diseases (Levast et al., 2013; Seok et al., 2013)

• 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

Usefulness of animal models for the development of 
products for humans



The pig as a model for infectious diseases

Pig models for human infectious diseases



Ruminants as a model for infectious diseases

Sheep and cattle models for human infectious diseases



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… zoonòtic coronaviruses

MERS-CoV SARS-CoV-2



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) 

• Sundström ventilated (positive 
pressure) overhead protection 
SR530 with filter SR510 and 
ventilator SR500 

• Two pairs of gloves

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



25

HEPA Filtration in 

incoming air

Double  HEPA filtration in out coming air

Shower

Chemical 

Inactivation

Dressing 

room

Dressing 

room

Container with 

1% Virkon for 

proper disposal 

of the FFP3 

masks

Wear off blue 

gown, shoes, socks 

and underwear. Go 

into shower 

wearing only a 

FFP3 mask and 

blue nitrile gloves.

No shower at 

the entry, only 

when exit.

Wear on 

underwear, socks, 

green gown, and a 

double layer of 

gloves (nitrile and 

latex). Go into 

animal box.

Wear on boots, a 

biosafety gown over 

the green one and a 

ventilated overhead 

protection SR530 

with filter SR510 and 

SR500 ventilator

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





Vaccination of the reservoir: 

camelids

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

Limited transmission of the virus 

among people

High rate of infection in camelid

species
Zoonotic infection

Isolation and
quarantine



Mild clinical signs in camelids

Detection of MERS-CoV RNA and 

infectious virus in nasal swabs



A B

At 4 dpi, infectious MERS-CoV 

in noses and tracheas

Histopathology and expression of viral antigen and 

viral RNA in nasal respiratory epithelium

ISH - vaccinated ISH – non-vaccinated



Not easy to work with dromedary camels...
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Potential surrogates for camels?





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

Abdel-Moneim y Abdelwhab, 2020



Cynomolgus macaque
and other NHP

hACE2 transgenic
mice

Ferret Golden Syrian
hamster

Egyptian
fruit bat

Cat Dog (Beagle) Pig Chicken Duck

Racoon dog

Cattle

Bank vole

Chinese tree
shrews

Rabbit

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

White-
tailed
deer

Experimental infections in animals: which ones have been
tested?



Cynomolgus
macaque

and other NHP

hACE2 transgenic
mice

Ferret Golden Syrian
hamster

Egyptian
fruit bat

Cat
Dog (Beagle) Pig Chicken Duck

Racoon dog

Cattle

Bank vole

Chinese tree
shrews

Rabbit

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

White-
tailed
deer

Experimental infections in animals: which ones are 
susceptible?





Use of different animal models

K18-hACE2 transgenic mice

Golden Syrian hamster



Golden Syrian
hamster model

Brustolin et al., 2021



hACE2 transgenic
mice model

Vidal et al., 2021

H&E IHC



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

• In silico methods or computer 
models

• In vitro cell-based models
• Immortalized cell lines

• Primary cells

• Three-dimensional (3D) models
• Organoids

• Organ-on-a-chip

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/

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


“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.”





Many thanks for your attention!


