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Immunity. 
Not all exposed to-the infection take the 
disease. 
Some families seem more susceptible than 
others;  

The blood-serum of persons suffering from 
advanced chronic disease was found to be less 

destructive to the staphylococci aureus than 

normal human serum 



En 30 ans, que s’est-il passé? 
• Sepsis definition more or less stable from 1991 (Bone)  2016  

Sepsis 3 based on OF 

• Epidemiology  incidence increase 

– incidence, age, comorbiditiesk 

– Big data  large cohort  AI for Dg & Pn 

• Better education, faster diagnosis, reasonable recommendations 
(SSC x 3) 

• Huge techno-biolological progresses: genotyping; transcriptomic; 
proteomic; metabolomic… 

• Dynamic aspects of the immuno-inflammatory processes 

• Reasonable supportive therapy: Fluid amount; pressors; 
ventilation; RRT; ECorp Circ… 



En 30 ans, qu’en ai-je tiré? 
• Over simplistic view leads to mistakes:  RCTs always 

failed despite solid basic science background 

• Infection does not kill by itself but by host response 

– Concept of septic phases 

– Inflammation BMarkers; organ damage BM, etc…   

• Delay for infection treatment is crucial (SSC x 3) 

– Golden hours; early AB administration; fluid is necessary but 
not too much! Pressors YES but for what BP level? 

• Huge techno-biological progresses: 

–  genotyping; transcriptomic; proteomic; metabolomic… 

– More rapid detection of pathogens 

• Elderly patients SHOULD be treated. 

• Exp models are not easily transposable to human beings 



Le Sepsis: un pb  de Santé Publique Mondial (OMS)… 



Budget 1% of US PIB 



The W-shaped mortality curve seen in the 1918 influenza pandemic 

curves for incidence of clinical illness vs. fatality rate markedly differ 

 

Same age-dependent mortality pattern is seen for TB, pneumococcal 

infection, trauma, Yellow fever, malaria, streptococcal Toxic shock, 

etc.  What accounts for this difference?  

Fedson D. Antiviral Research 2013;  99,(3), 417- 435 



Sepsis: a syndrome with 
multiple facets… multiple 
determinants for outcome 
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• Antigen 

– Is an internal or external  « substance » of the body that 

stimulates the immune system to produce Abodies against this 

substance.  

 

• Antibodies  

– Specific proteins (immunogloblins) produced by the B 

Lymphocytes triggered by foreign substances. AB identify and 

neutralize their targets.  

 

• Innate Immunity (genetically determined)  

– Early response quite immediate 

 

• Adaptive Immunity (acquired) 

– Later response but more specific.  

Vocabulary  



• Tolerance: Capacity of the immune 
system to determine the « friends or 
foe »  

• Apoptosis : programmed cell death 

• PAMPs : Pathogen Associated Molecular 
Patterns 

• DAMPs : Damage Associated Molecular 
Patterns (sterile inflammation) 

• Lymphatic System 

 

• Phagocytose  

 

Vocabulary (2nd ) 



Major concepts 

- This is inflammation that kills the patient more than 

infection itself (proof: COVID-19) 

- Host response (inflammation) is self limited  phases of 

inflammation 

- Inflammation concerns: immunity; coagulation; cell 

metabolism 

- Inflammation is induced by pathogens and/or by tissue 

damage 



The actors of the immune 
response 

les 

•Innate response: monocytes; macrophages, dendritic cells 

• Cellular plasticity: dendritic cells       monocytes        macrophage (APC) 

• Immune memory : epigenetic  “Trained Immunity”  +++ for BCG 

• APCells to Lymphocytes (HLA class I; II) 

•Adaptive response: “naïves” cells; specific cells Ex: SARS-Cov-2 

• T Lymphocyte: T4, T8, Treg 

• NK cells  

• B Lymphocyte  Specific Antibodies  « neutralising» +++ Vaccine 

•Mediators: 

• Cytokines: pro- anti inflammatory  

• Lymphokines; chemokines 

  

 

 



Time response for immune 

response related to infection 
• Innate Immunity     0 - 4 hours 

– Recognition; pre-fixed response, non-specific 
mechanisms 

– Early response               4 – 96 
hours 

– Pathogens recognition by highly conserved microbial 
motifs 

– Starting and amplifying the inflammatory response  

• Adaptative immune response           > 96 heures 
– Transportation towards Lymphoïd tissue 

– Specific identification of the pathogen  

– B & T Lymphocytes Response  Specific ABodies 

   or effective cells  



Impact of sepsis on innate and adaptive immune cells  
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PAMPS  mutiple; PRR 

 

DAMPS  multiple; DAMP rec 

- Necrotic cells  DAMPs 

 

- Criteria for DAMPs   

- Alone  biological response without 
contamination (PAMPs = 0)  

- Being efficient at physiological [ ] 

- Their blockade  inhibates their action 

- Examples: HMGB1; Calgranulines… 

 

From Matzinger theory 
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Phase 1 Phase 2 Phase 3 

Acquired Immuno-Depression (AID) 
Syndrome 

Is it present in 

the inflamed 

lung? 

 

Probably Yes  



APC 



• PAMP:  Proteins from 
pathogens are processed in the 
lysosomes to generate 

antigenic peptides, which 

form a complex with MHC 
class II on the surface of APC, 
recognized by T cell receptors 
(TCR) 

APC = ANTIGEN PRESENTING CELLS 



From Cell death to inflammation and OF 
 

- Necrotic cell death  DAMPs  receptors  + 

prod of inflam cytokines  (IL-1). 

- Other molecules proteases; hydrolases act on EC 

components  + mediators (complement 

fragments) or DAMPs  prod of inflam cytokines 

by host cells.  

- Pro-inflam mediators  local vascular 

endothelium lesions  ‘leaky’, attracts 

neutrophils and monocytes/macrophages  

soluble (antibody) and cellular defences in the 

tissue (cell infiltration) neutralize or contain 

pathogens 







Medzhitov et al. Science 2012; 355:936-41 

• “Threat” vs. 

non-threat 

• Tolerating 

pathogens 

• Limiting host 

response 

• Stress hormones 

• Anti-inflammatory 

actions 

• Pro-resolving 

actions 



Organ-specific  tolerance capacity to pathogen- or immune-induced pathology  

Medzhitov et al. Science 2012; 355:936-41 

Organs largely differ in 
term of : 
- Susceptibility 
- Repair capabilities 
- Functional autonomy 
- sequela  



Mortality  

- Is early mortality (1st Wk) similar to late 
mortality?  

- Is inflammation changing along time? 

 

- What is sepsis-induced mortality? 

- Crude mortality? 

- Attributable mortality? 
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Low IL - 6/ Low comorbidities (n=64) 

High IL - 6/ Low comorbidities (n=75) 

Low IL - 6/High  comorbidities (n=46) 

High IL - 6/High  comorbidities (n=34) 

IL-10 IL-6 

202 SS Patients (multicentric) 

Early death (<7days) relates mainly  to 

inflammation intensity, but not to comorbidity 

level  

but 

Late death (>7days), relates mainly 

comorbidity 



This concept obtained from 

a training cohort (202 pts)  was  

tested in large testing cohort 

N = 989 SS patients  

from Prowess data base 



N = 989 patients in septic shock 
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Low Il6/Low comorbidities n=167 

Low IL6/High comorbidities n=297 

High Il6/Low comorbidities n=215 

High IL6/High comorbidities n=253 

P value < 0.001 



Theoretical  crude mortality of 40% in the absence of therapy.  
Since matched controls had a crude mortality of 20%,  
the estimate of attributable mortality is 20% (40% -20%). 
The best ttmt can reduce mortality about max 20% but 
cannot reduce the mortality due to the underlying diseases. 

ATTRIBUTABLE MORTALITY 20 % 
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Study Day 

Log-rank test P value: 0.5789 

Hazard ratio (95% CI): 1.05 (0.88, 1.26) 

Placebo 

Eritoran 

Placebo Censored 

Eritoran Censored 

ACCESS trial: TLR4/MD2 inhibition in severe 
sepsis 

28-day mortality 

28.1% 

26.9% 



PROWESS-SHOCK (NEJM 2012)  

Ranieri et al  NEJM 2012 

Percent in study hospital 28d: 

    DrotAA  305 (49%)  
    Placebo 279 (43%)   

 



cecal ligation and puncture (CLP) mouse model: 80% of C57BL/6 mice succumbed 
within 48 hr 
 
 epirubicin i.p. at the time of CLP and 

again 24 hr later reproducibly and  

significantly (p < 0.001) increased the survival 
 Independently from mouse strain 
 “     “     “     “   of sepsis of origins in addition 

 to peritoneal sepsis 

 epirubicin-treated + CLP has similar 

bacterial load in blood and organs 24 hr 

post-CLP 
 a substantial reduction in the levels of 

inflammatory mediators TNF, IL-1b, IL-6, and 

HMGB1 
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Hydrea 1 dose 

        NE 1.6                  0.8           0          0 

Day +6 

Let’s see the results of immune monitoring… and modulation! 

Hydrea 

HYDROXYCARBAMIDE 1 dose 500 mg 



February 2013 

Immunostimulation therapy in sepsis: a 
new approach 



 at least 1500 patients 



Individual data of mHLA-DR expression 

before and 24 h after stopping IFNγ treatment 

 

X axis: real delay from admission to be treated. 

Y axis represents the quantitative AB/C values  

of mHLA-DR expression  

 

Dotted line: threshold for immunodepression Dg 

 

Among the 13 patients, 4 kHLA-DR expression 

but did not reach the defined threshold.  
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TotoR Pseudomonas aeruginosa septic shock – severe ARDS – 

peritonitis in a 15 months post-LT child  
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Time evolution of sub-populations of immune cells and HLA-DR 

expression referring to initial symptoms 

Nl Exp 



Conclusion 

 Sepsis is moved from strict infection to systemic 
inflammation 

 Septic shock moved from HD analysis to 
coagulation, metabolism and immunity 

Genetic susceptibility and gene transcription are 
key 

 Inflammation is DYNAMIC process 

 Phases of sepsis are of major impact to explain the 
RCTs failures 

 Personalized care based on AI? 

 





NEJM 2013; 369: 840 

To summarize: The Host Response to Sepsis 
canbe seen as 



The time phases of sepsis  



Phase 1 Phase 2 Phase 3 



Phase 1 



The host response to sepsis  
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Excessive inflammation 
causing collateral 
damage (tissue injury) 

Immune suppression 
resulting in enhanced 
susceptibility for 
nosocomial pathogens  



The Host Response to Sepsis 

Activated Protein C 

Antithrombin 

Tissue factor pathway 

inhibitor 



 

- fast track process (short windows: hrs…) 

- multi interactive processes 

- lack of validated BM to rapidly characterize host 

reponse 

 

Early phase is challenging because of: 

Why not being inspired by cancer  
strategies? 





PHASE 2 



Loss of delayed type hypersensitivity response to common 
recall antigens 

Apoptosis-induced depletion of immune effector cells, 

loss of CD4, CD8, B, and dendritic cells 
Reactivation of latent viruses (CMV; herpes virus in roughly 
25–35% of patients with sepsis) 

 autopsy  most patients admitted to 
ICUs for treatment of sepsis had 
unresolved septic foci at post mortem, 

patients unable to eradicate invading pathogens 

and were more susceptible to nosocomial 
organisms, or both 
Blood studies with and without sepsis  decreased 

production of pro-infl cytokines, decreased monocyte HLA-
DR expression, increased numbers of regulatory T cells 
(Treg Fox P3), increased production of PD-1 or PD-L1 

Clinical or laboratory evidence for sepsis being an 
immunosuppressive disorder 



Phase 1 Phase 2 Phase 3 

Post-Agressive Immuno-Depression (PAID) Syndrome 



Loss of delayed type hypersensitivity response to common recall antigens 

Apoptosis-induced depletion of immune effector cells, loss of CD4, CD8, B, 

and dendritic cells 
Reactivation of latent viruses (CMV; herpes virus in roughly 25–35% of patients with 

sepsis) 

 autopsy  most patients admitted to ICUs for treatment of 
sepsis had unresolved septic foci at post mortem, patients unable to 
eradicate invading pathogens and were more susceptible to 
nosocomial organisms, or both 
Blood studies from patients with and without sepsis show decreased production of 
proinflammatory cytokines, decreased monocyte HLA-DR expression, increased 
numbers of regulatory T cells (Treg Fox P3), increased production of PD-1 or PD-
L1 

Clinical or laboratory evidence for sepsis being an immunosuppressive disorder 



mHLA-DR expression 
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ICU-acquired infection 

High 

mHLA-DR1 

Low mHLA-

DR1 

p=0.721 
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Can We treat this 
immunosuppression? 



78 
2013 
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To conclude 

• PAIDs is a fact that concerns all acute situations, particularly severe sepsis is 

always present after 1 or 2 days post injury 

• IMMUNOSCOPE 

– Blood measurements: WBC (fractions), NCLRatio; semi-quantitative cytokine level 

– Flowcytometry: HLA-DR; Ly sub-populations  

•  IMMUNOSCOPE!  Personalized therapy  

• HLA-DR is a good candidate and is cheap and fast to be measured with 

semi-quantitative IL-6, IL-10.  

• Immuno-stimulation can be proposed on solid criteria 

• RCT are on going testing different targets and molecules (INFg, GM-CSF; IL-7…) 
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Cytokine storm 

• Term used around the 90s 

• “uncontrolled” systemic inflammatory 

reaction triggered by a variety of factors 

• Equivalent to Cytokine Release 

Syndrome (CRS) 

• Different phenotypes  different 

cytokines responses in relation to the 

etiologies… 

•  vague term and really nonspecific! 

• Let’s see the COVID-19 related 

“cytokine storm”… 

 



ARDS Network are 

approximately 10- to 40- 

fold higher, even when 

only patients with severe 

COVID-19 are considered. 

 

In patients with the 

hyperinflammatory 

phenotype of ARDS IL-6 

are 10- to 200-fold higher 

than levels in severe 

COVID-19 



Widespread acceptance of the term cytokine storm in COVID-

19 has motivated the use of potent immunomodulatory therapies both 

in clinical trials and on a compassionate basis as IL-6 inhibitors and high 

dose CSt blocking pathways critical to host immune responses 
The term cytokine storm may be misleading in COVID-

19 ARDS. 

Although the term cytokine storm conjures up dramatic imagery 
and has captured the attention of the main stream and scientific media, the 

current data do not support its use. 

Until new data establish otherwise, the linkage of 

cytokine storm to COVID-19 may be 

nothing more than a tempest in a teapot 



Can We treat this 
immunosuppression? 



TotoR Pseudomonas aeruginosa septic shock – 

severe ARDS – peritonitis in a 15 months post-LT 

child  
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Conclusion  

• Almost all life threatening situations involve mainly 
INFLAMMATION 

 

• Inflammation concerns coagulation, immunity, and cell 
metabolism 

 

• Cytokines = cell microenvironment  cell functions 

 

• Phases  longitudinal monitoring  potential use of 
immunomodulating drugs 

• Cytosorbent use may then change the cell microvironment 

 functional and recovery of tissue fitness  

• Immune monitoring is then essential to make the decision 





Cytokine levels 
in  

bacterial sepsis  

always >> to 

COVID-19.  


