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Périmètre du cours

Sepsis/choc septique : up to date "de la physiopathologie au traitement des premières heures" : Pr. Hafid Ait-Oufella

Phase précoce

Immunodépression sous-jacente préalable à l’admission en réanimation

Sujets non traités

Back to definitions and pathophysiology
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Singer et al., JAMA 2016

2016

Sepsis
Life threatening organ dysnfunction caused by

a dysregulated host response to infection
(i.e, one infection + one organ failure)

Septic shock
Sepsis + vasopressor therapy needed

(i.e., cardiovascular failure) + Lactate > 2mmol/L

Onset: germ(s) + site of infection + local inflammation

Amplification ?
Lack of modulation ?

Bacterial – viral load ?

Pathophysiology :
uncontrolled inflammatory

response

organ

systemic

Pathophysiology - Inflammation is a balancing act: neither too much nor too little is desirable
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Decreased arterial pressure
Shock

Multiple organ failure

Uncontrolled
Inflammatory

response

Old paradigm for sepsis pathophysiology

Adated from Medzhitov et al., Science 2012

Decreased arterial pressure
Shock

Multiple organ failure

Management of septic patients
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Decreased arterial pressure / Shock
Multiple organ failure

Uncontrolled
Inflammatory

response

Adjunctive therapy

Management of septic patients

40 years of failure in anti-inflammatory therapies
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Claude Bernard (1813 – 1878)

Reasons for the failure of anti-inflammatory strategy 
=> Neglecting the principle of homeostasis

« Only homeostasis
matters »

Adated from Medzhitov et al., Science 2012

Rethinking immuno-inflammatory dysregulation in sepsis: a novel vision

Hotchkiss and friends, Nature Rev Immunol 2013
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Marked alterations in skin testing

Venet et al.,2013

Main mechanisms sustaining immune dysfunctions in sepsis

Are ICU injured patients
really immunosuppressed ?
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Impact on myeloid cells ?

At day 7, persitence of ↑ % of immature neutrophils
Is associated with 28-day mortality

Demaret et al., 2015, J Leuko Biol

Sharpe increase of immature immunosuppressive neutrophils

Venet et al., CCM 2023 Kwok et al. Nature Immunol 2022
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2017
Delayed and progressive increase of MDSC LOX-1+ 

sepsisCOVID-19 sepsis Persitence of elevated % of MDSC
is associated with 28-day mortality

Uhel et al., 2017

Haem Rahimi et al., 2024

Couderau et al., 2024

High MDSC

Grimaldi  et al., 2009
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Multivariate analysis : mHLA-DR is an independent predictor of mortality (OR = 5)
after adjustment for usual clinical confounders : SAPS II, SOFA, comorbidities

Monneret et al., 2006

No Ag presentation
No inflammatory cytokine release

Venet & Monneret, 2018

Myeloid cells (summary)
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Impact on lymphocytes ?

Lymphopnia < 600 cell / µL is associated with mortality

Ceccato A. et al., 2019
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Guignat et al. 2011

Loss of lymphocyte functions

Haem Rahimi et al., 2024

Functional testing (n = 350 ICU patients) 
decreased ex vivo IFN-γ release is independently associated with worsening

Day 7

Haem Rahimi et al., 2024

Haem Rahimi et al., 2024
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2011

Associated with:
- 28-day mortality
- Nosocomial infection
- Decreased proliferation

Monneret et al. 2003
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PD-L1 mediated T cell inhibition by regulatory plasma 
cells induced after sepsis

Gossez et al., 2025 

Venet & Monneret, 2018

Lymphoid cells (summary)
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Impact on (lymphoid) organs ?

Blood Macrophages (lung, spleen)

Boomer et al. 

H
LA

-D
R

H
LA
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R

=> Decreased mHLA-DR both in blood and lung / spleen
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Loss of CD4 and CD8 Ly in spleen 
(post-mortem biopsies)

Hotchkiss et al., Lancet Infect Dis 2013

Faivre et al., 2016
=> Decreased mHLA-DR both in blood and bone marrow
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Thymus

Venet & Monneret, 2018
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Venet & Monneret, 2018

In the absence of clinical signs, immunosuppression is defined by the combination of:

A documented alteration in any aspect of immune function
(whether quantitative or qualitative, irrespective of the immune function affected or the underlying cause)
+
An increased occurrence of infections (according to international classification standards)
within a specific patient cohort.

This association must be independent of clinical confounders,
meaning it must persist in a multivariate analysis that accounts for potential confounding factors.

General definition of immunodepression

immune system’s ability to fight infections (& cancer) is compromised or entirely absent

Adapted from Abbas AK et al. Cellular and Molecular Immunology. 7th edition, 2012
Chinen and Shearer, J Allergy Clin Immunol 2010

Monneret et al. Cytometry A, 2019 ; Venet et al. NY Acad Sci 2021
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Severe fungal Infections
(Leroy, CCM 2009 ; Hatermink ICM 2003)

Viral reactivation : CMV, HSV
(Luyt, AJRCCM 2007 ; Limaye, JAMA 2008 )

Increased nosocomial infections
(Landelle, ICM 2010, Grimaldi ICM 2011)

Decreased clearance of initial infection
(Torgersen 2009)

Aspergillosis ↑
Candida ↑
(severe COVID 19)

Increased secondary / nosocomial infections after sepsis   

Rethinking immunotherapy in sepsis: a novel vision

EARLY

DELAYED
(few days)
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ADAPTATIF / PHYSIOLOGIQUE MALADAPTATIF / PATHOLOGIQUE 

2013

Timing of
ICU admission

“one size fits all“ does not work => Individualized medicine
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What parameters, what technologies: it is a bit of a mess (for intensivists)

Cajander et al. 2024
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What parameters, what technologies ?
Let's simplify the stakes !

Immunotherapy in sepsis = current candidates

+ > 30 articles preclinical results (experimental)
+ > 20 articles preclinical results (ex vivo patients)
+ > 50 clinical cases or series (either drug)

RCT

GM-CSF
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Immunotherapy in sepsis = current candidates

+ > 30 articles preclinical results (experimental)
+ > 20 articles preclinical results (ex vivo patients)
+ > 50 clinical cases or series (either drug)

RCT

GM-CSF

IFN-γ : IMMUNOSEP (EU – M Netea & E Bourboulis) - EU
IFN-γ : IGNORANT (F – AC Lukaszewicz) – HCL / BioMérieux
IFN-γ : INFINITY (F – C De Roquetaillade & G Chousterman) PHRC-I
IFN-γ : PLATINIUM (F – B. François) PHRC

GM-CSF (pediatrics) : USA – M Hall (≈ 1000 patients)
GM-CSF : SepTIC – UK - T Gordon (≈ 1300 patients)
GM-CSF : sepsis (Partner therapeutics - US – Barda) 

Immunostimulation in sepsis / ICU – multicentric RCT in progress

IFN-γ

GM-CSF

mHLA-DR < 8 000 AB/C 

IL-7 

Ex vivo TNF release

Ly countIL7 :  AUS / NZ - S Pfinfer (≈ 1000 patients)

Ly count < 1.1 G/L

mHLA-DR < 8 000 AB/C 

Hemotune (CH) 

Blood purification 

mHLA-DR < 8 000 AB/C 

mHLA-DR < 5 000 AB/C 
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CONCLUSION

Assemblée nationale, F, 6 janvier 2022
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CRP / PCT
IL-6
IL-18
Ferritine
suPAR
S100
Nucleosome
sTREM-1
….

mHLA-DR
CD4
MDSC
PD-1
Functional 
testing

Patients’ characteristics

Age, sex, comorbidities,
SAPS II, SOFA,

Type of germ, bacterial load, 
organ, virulence factors…

Under evaluation

Early step

Delayed
immunosuppression

The right drug, at the right time in the right patient

Thanks for your attention

Pr Anne-Claire Lukaszewicz
Head of Anesthesia and Critical Care Medicine Department
Hôpital E. Herriot, Lyon, F

Clinical lab

Pr Fabienne Venet
Immunology lab., Hôpital E. Herriot, Lyon, F
CIRI, Lyon, F


