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Introduction

Life-threatening organ dysfunction due to a 
dysregulated host response to infection

Singer, JAMA. 2016

“Old school” concept

Inflammation
Anti-inflammation

Rubio, Lancet Respir Med. 2019
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2010 - 2015

Rubio, Lancet Respir Med. 2019
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« Modern » view of sepsis-associated dysregulated host response
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Sepsis–induced immunosuppression: innate deficiency

Adapted from Hotchkiss, Nat. Rev. Immunol. 2013

DCs Monocytes / Macrophages Neutrophils

Apoptosis Apoptosis → Mo-MDSCs Apoptosis → Mo-MDSCs

Ag presentation HLA-DR expression ROS / NOS

Cytokines secretion Pro-infl. cytokines secretion Adhesion molecules

Pathogen killing Anti-infl. cytokines

Anti-infl. cytokines



Innate immunosuppression: Mechanisms ?

Cell death:

PAMPs
DAMPs

Activation-induced cell 

death (AICD)
Oxidative stress

Deactivation:

IL-10
Resolvins

Neurolipids

Neuropeptids
….

MDSc:

Emmergency myelopoiesis

Extrinsic factors:

Steroids?
Vasopressors?

…

MDSCsCell death Deactivation Extrinsic factors
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Apoptosis Apoptosis → Mo-MDSCs Apoptosis → Mo-MDSCs

Ag presentation HLA-DR expression ROS / NOS

Cytokines secretion Pro-infl. cytokines secretion Adhesion molecules

Pathogen killing Anti-infl. cytokines

Anti-infl. cytokines
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Sepsis–induced immunosuppression: Lymphocyte deficiency

Hotchkiss, NEJM. 2003 Venet, CCM. 2003



Adaptive immunosuppression

CD4+ T cells CD8+ T cells T regs B cells

Apoptosis Apoptosis Resistance to apoptosis Apoptosis

Th2 polarization Cytotoxic function Suppressive activities Ag specific Ab production

Adhesion molecules Cytokines secretion

TCR diversity TCR diversity

CD28 expression
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Adapted from Hotchkiss, Nat. Rev. Immunol. 2013



Adaptive immunosuppression: Mechanisms?

Tracey, Nature. 2002

Apoptosis:

PAMPs
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Cell death Deactivation
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Adaptive immunosuppression: Mechanisms?

Tregs expansion:

Suppressive activity

Extrinsic factors:

Steroids?
Anti-IL-6?

….

Tregs expansion Extrinsic factors

CD4+ T cells CD8+ T cells T regs B cells

Apoptosis Apoptosis Resistance to apoptosis Apoptosis

Th2 polarization Cytotoxic function Suppressive activities Ag specific Ab production

Adhesion molecules Cytokines secretion

TCR diversity TCR diversity

CD28 expression
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Apoptosis:

PAMPs
DAMPs

Activation-induced cell 

death (AICD)
Oxidative stress

Deactivation:

IL-10
Resolvins

….

Vago-splenic reflex

Cell death Deactivation



Adaptive immunosuppression => viral reactivation(s)

Ong, CID. 2017

% of patients with viremia



Adaptive immunosuppression => viral reactivation(s)

Walton, Plos One. 2014



Viral reactivation as markers of secondary infection and death

Kalil, Crit. Care. 2011Walton, Plos One. 2014

Viral reactivation and secondary infections Viral reactivation and in-ICU mortality



Sepsis-induced immunosuppression => secondary infection



Daviaud, AOIC. 2015

Secondary infection, chronic critical illlness and « late » death



Van Vught, JAMA. 2016

Secondary infection, chronic critical illlness and « late » death

ICU mortality ICU-acquired infection attributable mortality 



Long-term sepsis-induced immunosuppression ?

Wang, J. Crit .Care. 2014

One year readmission for sepsis One year cancer diagnosis risk

Hästbacka, Crit .Care. 2023
 



Sepsis-associated immunosuppression: clinical challenges

• Prevent ?

• Early identification of patients at risk ?

• Reverse ?



Low Mo HLA-DR is associated with secondary infection and death

Monneret, ICM. 2025



Low Mo HLA-DR is associated with secondary infection AND DEATH

Monneret, ICM. 2025



mHLA-DR ≤ 7627 Ab/cell

Immature neutrophils ≥ 23.5%

IL-10 ≥ 8.5 pg/mL

Three immune parameters

measured at day 5-7

Tremblay, AOIC. 2022

Immune markers associated with secondary infection



Immune markers associated with secondary infection: 
Sophistication vs. simplification ?

Cano-Gamez , Sci. Transl. Med. 2022



Immune markers associated with secondary infection: 
Sophistication vs. simplification ?

Cano-Gamez , Sci. Transl. Med. 2022 Lafon, AOIC. 2026



Reversing sepsis-induced immunosuppression: potential pathways ?

Hotchkiss, Nat. Rev. Immunol. 2013



Reversing sepsis-induced immunosuppression: IFNγ

Docke, Nat. med. 1997

Payen, BMC inf. dis. 2019

Giamarellos-Bourboulis, JAMA. 2025

HLA-DR expression

LPS-induced IL-6 and TNF-α 

%          SOFA score > 1.4 by day 9 



Reversing sepsis-induced immunosuppression: GM-CSF

Meisel, AJRCCM. 2009 Vacheron, J. Crit. Care. 2023



Treating viral reactivation to alleviate post-sepsis 
immunosuppression?

Papazian, AOIC. 2021 Luyt, JAMA Int. Med. 2020



Post-sepsis immunosuppression: 
where do we stand, where do we go?

• Clinical and biological rationale + meaningful short- and late-term impact !

• Stratification on relevant immune biomarkers: treatable traits or markers of severity?



Post-sepsis immunosuppression: 
where do we stand, where do we go?

• Clinical and biological rationale + meaningful short- and late-term impact !

• Stratification on relevant immune biomarkers: treatable traits or markers of severity?

• A case for personalized medicine ! 

-> Patient selection: complexity versus do-able screening?

-> Multiple potential target: single vs combined therapy?

-> Strategy: Prophylaxy versus adjuvant therapy?



• Clinical and biological rationale + meaningful short- and late-term impact !

• Stratification on relevant immune biomarkers

• A case for personalized medicine ! 

• Immunity beyond leukocytes and frailty beyond ICU!

Post-sepsis immunosuppression: 
where do we stand, where do we go?



Jeremie.joffre@aphp.fr

Thanks for your attention

-

Q & A ?
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