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“Essentially, all models are wrong, but some are useful” 
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Septic shock = severe form of sepsis. Profound circulatory, cellular, and metabolic abnormalities are 
associated with a greater risk of mortality than with sepsis alone. 

infection sepsis Septic shock

life-threatening organ dysfunction caused by a dysregulated host response to infectionsepsis =

Bacteria, Fongi, Virus 
(SARS-CoV-2)

Infection Inappropriate host response
Macrophage reprogramming

Organ failure

Cavaillon et col, EMBO Mol Med, Volume: 12, Issue: 4, First published: 16 March 2020 



‘‘An experimental animal (mammal) model of 
sepsis should be defined as life-threatening
organ dysfunction caused by a dysregulated 

host response to an infection.’’

Osuchowski ,SHOCK, 2018 
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ABSTRACT—Preclinical animal studies precede the majority of clinical trials. While the clinical definitions of sepsis and
recommended treatments are regularly updated, a systematic review of preclinical models of sepsis has not been done and
clear modeling guidelines are lacking. To address this deficit, a Wiggers-Bernard Conference on preclinical sepsis modeling
was held in Vienna in May, 2017. The goal of the conference was to identify limitations of preclinical sepsis models and to
propose a set of guidelines, defined as the ‘‘Minimum Quality Threshold in Preclinical Sepsis Studies’’ (MQTiPSS), to enhance
translational value of these models. A total of 31 experts from 13 countries participated and were divided into six thematic
Working Groups: Study Design, Humane modeling, Infection types, Organ failure/dysfunction, Fluid resuscitation, and
Antimicrobial therapy endpoints. As basis for the MQTiPSS discussions, the participants conducted a literature review of
the 260 most highly cited scientific articles on sepsis models (2002–2013). Overall, the participants reached consensus on 29
points; 20 at ‘‘recommendation’’ and nine at ‘‘consideration’’ strength. This Executive Summary provides a synopsis of the
MQTiPSS consensus. We believe that these recommendations and considerations will serve to bring a level of standardization
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Animal model what for?

gain insights into 
pathophysiology 

failed to lead to the development 
of one or more useful 

pharmacological therapies 
BUT…

examples of some pharmacological agents, which have been evaluated in an animal model of sepsis 
and yielded negative results in one or more human clinical trials (Fink, virulence, 2014) 

toll-like receptor 4 (TLR4) was initially characterized in mice as the 
pattern recognition receptor (PRR) for LPS  (Poltorak, Science, 1998) 

characterization of immunosuppressive cells (regulatory T-cells,
myeloid-derived suppressor cells) occurred initially in mouse
models, before further verification of their importance in human
sepsis

Assessment of the roles of tissue and organ immunology in sepsis 
in animal model vs blood sample in human 
à characterization of compartment-specific immunopathy in sepsis



how to develop a suitable animal model for the 
study of sepsis?



types of infections: 
including the pathogens the site of infection 

measurements of organ 
injury

how to develop a suitable animal model for the study of sepsis?
choose the protocol



types of infections: 
including the pathogens the site of infection 

measurements of organ 
injury

LPS
microorganisms => replicate 

those commonly 
found in human sepsis

BACTERIA
>Viral > fungus

how to develop a suitable animal model for the study of sepsis?
choose the protocol



types of infections: 
including the pathogens the site of infection 

measurements of organ 
injury

LPS
microorganisms => replicate 

those commonly 
found in human sepsis

BACTERIA
>Viral > fungus

Response to 
bacterial 
strain 
depend on 
animal 
species Found similar « diseases » 

between human and animal

how to develop a suitable animal model for the study of sepsis?
choose the protocol



types of infections: 
including the pathogens the site of infection 

measurements of organ 
injury

LPS
microorganisms => replicate 

those commonly 
found in human sepsis

BACTERIA
>Viral > fungus

strains 
subcultured 
long term 
à lose 
important 
patho-
physiological 
characteristics
à fail to 

reflect ‘‘real 
world’’ 
pathogenesis 

Use clinical isolate= 
pathogenic bacteria 

how to develop a suitable animal model for the study of sepsis?
choose the protocol



similarities between human neonatal sepsis and the foal sepsis
interest of veterinary spontaneous “models” in sepsis

types of infections: 
including the pathogens



types of infections: 
including the pathogens the site of infection 

measurements of organ
injury

Consider modeling 
sepsis syndromes that 

are initiated at sites 
other than the 

peritoneal cavity

K. Iwami, Journal of 
neurosurgery, 2012

lung

urinary tract

brain

how to develop a suitable animal model for the study of sepsis?
choose the protocol



types of infections: 
including the pathogens the site of infection 

measurements of organ
injury

horse colic a good 
model of sepsis 

related to 
enterotoxemia ?

mice were used in 79% of the 2003 to 2012 papers

how to develop a suitable animal model for the study of sepsis?
choose the protocol



types of infections: 
including the pathogens the site of infection 

measurements of organ
injury

K. Iwami, Journal of 
neurosurgery, 2012

lung

IL-10

à deterioration of mice with pulmonary sepsis : Klebsiella pneumonia (Greenberger, J Immunol 1995)

à Protection abdominal sepsis : CLP (van der Poll, J Immunol 1995)

Better targeting of animal models to 
the questioning

But also

Better targeting of patients for 
clinical trials

how to develop a suitable animal model for the study of sepsis?
choose the protocol



types of infections: 
including the pathogens the site of infection 

measurements of organ
injury

Liver Spleen

GutKidney

Heart

brain
Leukocytes

Circulation
Pancreas

Score SOFA
score Sequential Organ Failure Assessment

Lung

how to develop a suitable animal model for the study of sepsis?
choose the protocol



Age 
young animals 
vs old patient

Gender 
female more 

resistant

health 
healthy vs co-

morbidities

Living environment
pre-exposure to specific 
pathogenic or antigenic 

stimuli à immune 
memory 

Immunological status
 Sepsis if already 

immunodeficient or 
develop early 

immunosuppression 
post-infection. 

Genetic background
Humanised animal 
model (mouse pig)

farm animals raised in 
the presence of many 
germs or animals 
raised in “clean” 
laboratories

affect the responsiveness in sepsis 
(eg immunity responsiveness) 

Wang, Frontiers in Immunology, 2022

pre-existing diseases often produce more 
heterogenous experimental outcomes, thereby 
demanding more standardized and elaborate 
modeling procedures. 

how to develop a suitable animal model for the study of sepsis?
Individual Animal status



Large animal à resuscitation / positive pressure ventilation / antimicrobial therapy ≈ human
à physiologic et biological parameters ≈ human
à blood volume à serial sampling of blood, tissues (serial biopsies)
à mirror the thermogenesis response to stress
à easy surgery and monitoring (existing clinical monitoring equipment)
à study in serial fashion: haemodynamic, organ function evaluations, haemostasis…
à test and develop tools to explore organ failure in models close to the clinical
situations encountered in patients (haemodynamics, microcirculation, ...)
à ethical, social challenges / dog
à less biological /immunological tools
à high cost (pig << dog)

Small animal   à low cost, ease to breed, numerous assays
à less compound required (€)
à biological /immunological tools
à technical limitations : invasive procedures very challenging
à biology, physiology # human

how to develop a suitable animal model for the study of sepsis?
Choice of species



- circulation of the pig has been shown to be 
most similar to that of humans (except primates)

- lung vascular smooth muscle is very sensitive 
to live bacteria and endotoxin à increase in pulmonary 
vascular resistance

- Increased pulmonary vascular resistance leads 
to hypodynamic circulation in porcine sepsis models, 
unlike the hyper dynamic circulation seen in human septic 
shock. 

- Hyperdynamic porcine models are 
characterized by long observation periods with the first 
cardiac output measurements after six hours. 

- risk of malignant hyperthermia during long 
sedation with halogenated drugs

how to develop a suitable animal model for the study of sepsis?
Choice of species: PIG



Porcine
(Morton, J Leukocyte Biol 1988)

Example of comparative pathophysiology

Pulmonary intravascular macrophages (PIMs) Constitutive Induced in response to 
endotoxins and bacteria

PIMs are pro-inflammatory 



- docile large animals. 

- extremely sensitive to LPS like humans: continuous infusion of LPS at a rate as low as
9 ng/kg per h à changes in pulmonary arterial pressure, cardiac output, and lung 

microvascular permeability

- True sepsis is induced in sheep in a variety of ways: (e.g: infusing viable Pseudomonas 
aeruginosa i.v)

- Ruminant :  herbivorous + risk of free gas bloat during long anaesthesia in dorsal decubitus

how to develop a suitable animal model for the study of sepsis?
Choice of species: SHEEP



how to develop a suitable animal model for the study of sepsis?
Choice of species: HORSE

although horse also lives with microorganisms they are very 
sensitive to endotoxins which makes it very susceptible to 
sepsis. 

Moore, Vet Clin North Am Equine Pract, 2014. 

Spontaneous model



although horse also lives with microorganisms they are very 
sensitive to endotoxins which makes it very susceptible to 
sepsis. 
Equine monocyte response to LPS is more pro-inflammatory 
than that of other species. (Moore, Vet Clin North Am Equine 
Pract, 2014). 

Moore, Vet Clin North Am Equine Pract, 2014. 

how to develop a suitable animal model for the study of sepsis?
Choice of species: HORSE



although horse also lives with microorganisms they are very 
sensitive to endotoxins which makes it very susceptible to 
sepsis. 
Equine monocyte response to LPS is more pro-inflammatory 
than that of other species. (Moore, Vet Clin North Am Equine 
Pract, 2014). 
Figueiredo Vet Immunol Immunopathol,2009 

Moore, Vet Clin North Am Equine Pract, 2014. 

LPS

Pro-inflamatory Anti-inflamatory

TNFα, IL-1β, IL-6 IL-10 and IL-1Rα 

HUMAN

how to develop a suitable animal model for the study of sepsis?
Choice of species: HORSE



although horse also lives with microorganisms they are very 
sensitive to endotoxins which makes it very susceptible to 
sepsis. 
Equine monocyte response to LPS is more pro-inflammatory 
than that of other species. (Moore, Vet Clin North Am Equine 
Pract, 2014). 
Figueiredo Vet Immunol Immunopathol,2009 

Moore, Vet Clin North Am Equine Pract, 2014. 

LPS

Pro-inflamatory Anti-inflamatory

TNFα, IL-1β, IL-6 IL-10 and IL-1Rα 

In other species, PI(3)Kδ 
regulates the switch in TLR4 
signaling between MyD88 and 
TRIF, but this event does not 
seem to occur in equine
monocytes. 

how to develop a suitable animal model for the study of sepsis?
Choice of species: HORSE



although horse also lives with microorganisms they are very 
sensitive to endotoxins which makes it very susceptible to 
sepsis. 
Equine monocyte response to LPS is more pro-inflammatory 
than that of other species. (Moore, Vet Clin North Am Equine 
Pract, 2014). 
Figueiredo Vet Immunol Immunopathol,2009 

Moore, Vet Clin North Am Equine Pract, 2014. 

LPS

Pro-inflamatory Anti-inflamatory

stronger signaling from the MyD88 pathway diminished signaling from the TRIF pathway

short-lived TNFα
rapid and more sustained IL-1β
slower but sustained induction IL-6

IL-10 induced, but low expression

how to develop a suitable animal model for the study of sepsis?
Choice of species: HORSE



Current models do not mimic the monitoring of septic shock in intensive care units for humans

Need for mid-longer term understanding of the pathophysiology of sepsis

Study the onset and progression of organ dysfunction 

current equipment and protocols make maintaining animals in an ICU setting challenging 
due to complications related to mechanical ventilation

pigs being particularly susceptible to develop impaired lung function 
+ pronounced acute pulmonary hypertension 

Max duration 100 h in pigs 

how to develop a suitable animal model for the study of sepsis?
Choice of the structureà ICU for Preclinical septic shock research what for ? 



Current models do not mimic the monitoring of septic shock in intensive care units for humans

Need for mid-longer term understanding of the pathophysiology of sepsis

Study the onset and progression of organ dysfunction 

current equipment and protocols make maintaining animals in an ICU setting challenging 
due to complications related to mechanical ventilation

pigs being particularly susceptible to develop impaired lung function 
+ pronounced acute pulmonary hypertension 

Max duration 100 h in pigs 

high cost of 
24/24 

structures

how to develop a suitable animal model for the study of sepsis?
Choice of the structureà ICU for Preclinical septic shock research what for ? 



questions 
???????

doctors and veterinarians
experimental and spontaneous models

Answers
Animal Sepsis Human Sepsis

To explore alterations + develop new therapeutics

Exchanges of practices

ovine
murine swine

Translational researchCanine
Feline
equine

Conclusion: share the skills of professionals from different fields 



As there is not one sepsis but many sepsis, there are also many animal models. 

Animal model must be chosen to be adapted to the scientific questioning

Choice:

Pre-clinical models : large animal / murine models
Veterinary spontaneous clinical models

Species

For the same species the individual status (strain, gender, age, comorbidity, 
living environment,...)

Double-blind

The procedure: pathogens, route of entry, organ damage assessment and resuscitation / 
antimicrobial therapy

Conclusion


