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Casanova JL, Science 2007

Any given life-threatening infection results,
by definition, from an immunodeficiency, 
whether inherited or acquired

I. Physiopathologie du sepsis
(infections sévères)
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2017

2020 (jan) Globally, sepsis accounts for 11 million deaths / year (Rudd et al. Lancet)  

“By comparison, the World Health Organisation estimated
that there were 9.6 million deaths from cancer in 2018”.

2021 
2,5 million deaths / year

- leading cause of death in ICU
- 28-day mortality: sepsis = 20 %, septic shock = 40 %

2021 

More than ever: septic syndromes still a serious a public health concern 

Any type of germ: bacterial, viral or fungal
Any site : Pneumonia, gut, kidney, bloodstream infection

can lead to sepsis 

What is sepsis ?
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Singer et al., JAMA 2016

Sepsis 2016 definition

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)

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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Adated from Medzhitov et al., Science 2012

Old paradigm for sepsis pathophysiology

« collateral damage »

Decreased arterial pressure
Shock

Multiple organ failure

Uncontrolled
Inflammatory

response

Sepsis definitionOld paradigm for sepsis pathophysiology
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Early treatment
antibiotherapy + agressive vascular resuscitation (vasoactive agents + fluids)

BMJ 2016

Decreased arterial pressure
Shock

Multiple organ failure

Uncontrolled
Inflammatory

response
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Decreased arterial pressure
Shock

Multiple organ failure

Uncontrolled
Inflammatory

response

Adjunctive therapy
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Zeni et al, Crit Care Med, 1997

Failure of clinical trials testing anti-inflammatory therapies
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Ranieri et al. 2012 Opal et al. 2013 

40 years of failure in anti-inflammatory therapies

Claude Bernard (1813 – 1878)

« Only homeostasis matters »
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Hotchkiss, Monneret & Payen, 2013

Pro- / anti-inflammatory balance in septic shock

Hotchkiss et al., 2009

Days to weeks

From exacerbated inflammation to immunosuppression
in severely injured patients
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Détection du danger
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Inflammation 

Inflammation 

Réaction locale
Cytotoxicité
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Présentation 
Ag

CMH
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CD4

CD8

B



14

Venet et al.,2013

Main mechanisms sustaining immune dysfunctions in sepsis

Are ICU injured patients
really immunosuppressed ?

Blood, organs

Venet et al., 2020
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Nahrendorf Nat Med 2018

Immature neutrophils
MDSC
Deactivated monocytes

Immunosuppressive
properties

Survival curves stratified on
mHLA-DR at 30 % at days 3-4

(n = 120 patients)

Multivariate analysis : mHLA-DR is an independent predictor of mortality (OR = 9)
(after adjustment for usual clinical confounders : SAPS II, SOFA, comorbidities…)

Monneret et al., 2006
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At day 7, persitence of elevated % of immature neutrophils
Is associated with 28-day mortality

Demaret et al., 2015, J Leuko Biol

Waeckel et al., 2021

At day 7 (n = 301 septic shock)

↑ MDSC = ↑ infecƟons ↑ mortality
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Venet & Monneret, 2018

Myeloid cells (summary)

Severe
(< 600)

absence
(>1200)

=> Day 4 total lymphocyte count
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Thymus

Adapted from Chaudhry HS, J Immunol 2017

SEPSIS
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Jβ

Septic shock (at diagnosis)

Healthy volunteerVβ

Relative
Intensity

Venet et al., Crit Care Medicine (2013)
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p = 0.006

Marked decreased TCR diversity independently of lymphopenia

(hTRB VJ combinatorial diversity assessed by qRT-PCR) 

Oct 2018

Honjo (PD-1) Allison (CTLA-4)
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2011

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

Venet & Monneret, 2018

Lymphoid cells (summary)
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SummarySummary

Summary
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Immunodépression dans le sepsis
principales caractéristiques

Immunité innée
- Neutrophiles immatures & MDSC = ↑
- % Monocyte désacƟvés = ↑
- Capacité présentaƟon Ag : ↓

Immunité adaptative
- Lymphopénie
- Molécules inhibitrices PD-1 = ↑
- Répertoire Lymphocytaire : ↓

Soins courants
Immuno - HCL

Chinen and Shearer, J Allergy Clin Immunol 2010

Conséquences de l’mmunodépression
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Juin 1981, à Los Angeles et New York: 
Epidémie de 1er cas d’infections opportunistes + sarcomes de Kaposi = SIDA

Virus de l’Immunodéficience Humaine
DECOUVERTE

Survenue des complications infectieuses au cours du SIDA en fonction 
de la chute progressive du nombre de lymphocytes CD4 au cours du temps

Girard et al., Doin SIDA 1996

(HHV8 => Kaposi)



25

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)

Increased secondary / nosocomial infections  = increased mortality  

Pro- / anti-inflammatory balance in septic shock

Brady et al., 2020

20 % total mortality

80 % total mortality
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Delano and ward, J Clin Invest 2016, Shankar-Hari and Rubenfeld, Curr Infect Dis Resp 2016,
Kennelly and martin-Loevhes, Ann Transl Med 2016, Kaur and Levy, Ann Transl Med 2016,

Prescott et al., BMJ 2016, Sun et al., CCM 2016, Pavon et al., CCM 2014,  Wabng et al BMJ 2014

Persistent immunosuppression could be associated
with late mortality (years)?

2 years mortality  : + 20 %
30 % infection (first cause)

Sepsis survivors :
30 % 30-day rehospitalisation
60 % 1-year rehospitalisation

First cause : sepsis
Significant unresolved infection

Median discharge = 11 days
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Bodinier et al., 2021n = 378 ICU patients

0 % infection
9 % mortality

19 % infection
28 % mortality
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II. Immunothérapie des infection sévères

Historical Concept :
Targeting germs

Leukocytes

New Concept:
Targeting Immune Cells

Principles of immunotherapy in sepsis

Antibiotherapy

+

rejuvenate / stimulate immune cells
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Historical Concept :
Targeting germs

Principles of immunotherapy in sepsis

Antibiotherapy

Historical Concept :
Targeting germs

Lymphocyte

New Concept:
Targeting Immune Cells

Principles of immunotherapy in sepsis

Antibiotherapy

++

Rejuvenate / stimulate immune cells
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Immunotherapy in sepsis (as in cancer)

2013

Non randomized trials and case reports (successful): 

- Docke et al., Narture Med 1997 IFNg
- Nakos et al., CCM 2002 (nosocomial infections in trauma) IFNg
- Luckasewicz et al., CCM 2009 (nosocomial) IFNg
- Schefold et al., AJRCCM 2009 (septic shock) GM-CSF
- Hall et al., Intensive Care Med (pediatric MOF) GM-CSF
- Delsing et al, BMC Infectious Diseases 2014 (fungal infections) IFNg
- Nalos et al., AJRCCM 2012 (staph sepsis) IFNg
- Mezidi et al., Minerva Anesth 2014 (fungal infection) IFNg

- Improves bacterial clearance and mortality in mice
(Hotchkiss et al., 2008, 2011, 2013, 2015)

- Restores immune functions ex-vivo in human cells
(Venet et al., 2012, 2017)

Compelling preclinical results in sepsis:
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1. INTERFERON -  (IMUKIN)

Docke WD et al. Nat Med. 1997;3:678-81
Monocyte deactivation in septic patients: restoration by IFN-gamma treatment

9 patients severe sepsis

HLA-DR < 30 %
(2 consecutive days)

Interferon-gamma

Mortality 33 % Mortality 58 %

26 patients severe sepsis

HLA-DR < 30 %
(2 consecutive days)Non-randomized
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Absence of nosocomial
Infections on GM-CSF

2. Anti-PD-(L)1  
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Oct 2018

Honjo (PD-1) Allison (CTLA-4)

Hotchkiss et al., 2019

Phase 1b, prospective, randomized, double-blind,
placebo-controlled, dose escalation, multicenter study
Septic patients + immunusuppression (ALC < 1.1 G/L)
20 anti-PDL1  + 4 Placebo
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Hotchkiss et al. 

3. IL-7

Increases cell
adhesion 
molecules

Restores ability
of T cells to make IFN-

γ. 

Increases proliferation
Decreases apoptosis

Increases T cell receptor 
diversity.

Decreases
T cell 

exhaustion.

IL-7 acts at multiple levels
to improve functionality
of CD4 and CD8 T cells

and secondarily
adaptive immunity.

IL-7 offers
a new approach

to infectious disease.
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Interleukin-7 (essais en cours)

François et al., 2018
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Examples from our routine practice 

Nivolumab and Interferon-γ rescue therapy to control invasive mucormycosis
after necrotising fasciitis and septic shock

Immumonitoring showed severe lymphopenia and very low mHLA-DR expression
=> severe immunosuppression
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Early ICU course
Acute Lung Injury
Osteomyelitis 
Deep wound infectio
MDR enterobacteria
Mucormycosis (day 15)

Immunomonitoring (day 16)
Low levels of mHLA-DR
High levels of PD1 on T cells

Immunkin (IFNg)  
Nivolumab (anti PD-1)

2017

Very poor prognosis
+ immunosuppression

Nivolumab and Interferon-γ rescue therapy to control invasive mucormycosis
after necrotising fasciitis and septic shock

Immumonitoring showed severe lymphopenia and very low mHLA-DR expression
=> severe immunosuppression
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Recent examples from COVID-19 pandemic 

Zhou et al., 2020 (March)
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Benlyamani et al., Cytometry A 2020 

COVID-19 as a viral sepsis
m

H
LA

-D
R

Clinical trials in immunostimulation = IFNγ

Lukaszewicz et al., 2021
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2021

Van Larrhoven et al., 2021

Patients on mechanical ventilator
+ Persisting viral load and no clinical improvements after > 10 days after admission
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Mazer et al, 2021

43-y-old
Worsening hypoxemia
Dexamethasone
High flow oxygen,
convalescent plasma
remdisivir

Severe lymphopenia (CD4 < 500)

Monneret et al., 2020
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JAMA Netw Open 2020
+ Essai ILIAD (2022)

Assemblée nationale, F, 6 janvier 2022
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Conclusions

- Septic ICU patients are immunosuppressed
- Immunostimulation = promising approach
- Preclinical results in sepsis : +++
- Several clinical cases and small RCT : +++
- In > 500 patients, no adverse “cytokine storm”
- Available makers for individualized therapies

Immunostimulation (summary)
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Leligdowicz and Matthay, Crit Care 2018 Monneret et al., Cytometry Part A 2019
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MALADAPTATIF / PATHOLOGIQUE 

Immunodépression dans le sepsis
principales caractéristiques

Immunité innée
- Neutrophiles immatures & MDSC = ↑
- % Monocyte désacƟvés = ↑
- Capacité présentaƟon Ag : ↓

Immunité adaptative
- Lymphopénie
- Molécules inhibitrices PD-1 = ↑
- Répertoire Lymphocytaire : ↓

Soins courants
Immuno - HCL
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Stanski & Wong, Nat Rev Nephrol 2019

Casanova JL, Science 2007

Any given life-threatening infection results,
by definition, from an immunodeficiency, 
whether inherited or acquired
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Adapted from Horiguchi et al., Frontiers Immunol 2018

The future :
Immuno(suppression) at the crossroads of many (ICU) diseases

COVID-19
Injuries

Biotherapies

comorbidities


