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1868 Rossini1865 Semmelweis1687 Lully 1875 Bizet

1883 Manet 1894 Hertz 1894 Mahler 1926 Rudolph
Valentino

1920 Alexander I
of Greece

1519 Lucrèce
Borgia

1774 Louis XV

2016 M. Ali2011 Socrates

2004 Christopher   
Reeve

2005 Rainier III 2005 Jean-Paul II

Miss Agnès Souret (18 yrs) - 1st Miss France (1920) Died of septicemia at the age of 26

Celebrities 
who died 
of sepsis

SEPSIS
Puerperal fever

Edward Strother
(1675 – 1737)

1718

Puerperal  fever
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"It is a disagreeable declaration
for me to mention, that myself
was the means of carrying the 
infection to a great number of 
women"

HYGIENE

Alexander Gordon
(1752 1799)

It’s contagious!
1795

Pierre A. Piorry
(1794 –1879)

Septicemia
… From Greek Σήψις, putrefaction

et αίμα, blood

1837
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Oliver Holmes
(1809 – 1894)

HYGIENE

Charles D. Meigs
(1792-1869)

"Doctors are gentlemen, 
and gentlemen’s hands 
are clean." 

1854

1843

Ignaz 
Semmelweis

(1818 –1865)

He succeeded, by antiseptic
methods (calcium hypochlorite),
in reducing the mortality due
to puerperal  septicemia from
16% to 0.85%

1847
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Armand
Trousseau

(1801 – 1867)

Puerperal 
fever

Death in utero

Neonatal
sepsis

Nosocomial 
gangrene

à There is no specific diseases
1858

Victor
Feltz
(1835-1893)

Léon
Coze
(1819-1896)

p. 27 & 38 

à The blood contains
deadly bacteria

1869
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Louis Pasteur
(1822 – 1895)

Lochia & blood
Pus from uterus

He	suggested	the	use	
of	boric	acid	to	wash	
the	genital	tract

1879

Leonard Colebrook
(1883 -1967)

Lancet 1: 1279-1286

The very first use of antibiotics in humans

Gerhard Domagk
(1895 – 1964)

Nobel Prize 
Medicine or 

Physiology          
1939

1935

Sulfamidochrysoïdine, patented
under the name Prontosil, 

1936



3/17/18

8

2/ DÉFINITIONS

Direction de 
l'Enseignement



3/17/18

9

SYSTEMIC 
INFLAMMATORY 
RESPONSE 
SYNDROME

Cardiac Arrest

Surgery

Trauma

Burns

Pancreatitis

Other…

Resusc.
Bacteria

Fungi

Parasites

Viruses

Sepsis 1.01993
Sepsis 2.02002

SIRS
CRITERIA

Two or more of the following parameters :
- fever (> 38°C) or hypothermia (< 36°C)
- tachypnia (> 24 breaths/min.)
- tachycardia (> 90 beats/min)
- leucocytosis (> 12 000/mm3) or leucopenia (< 4 000 /mm)3

Sepsis 1.0

Clinical criteria of sepsis
• Sepsis should be defined as life-threatening organ 

dysfunction caused by a dysregulated host response 
to infection.

• Organ dysfunction can be identified as an acute change in
total SOFA score ≥2 points consequent to the infection

1993

Clinical criteria of septic shock
• Sepsis AND

• Vasopressors required to maintain MAP
≥65 mm Hg despite adequate fluid resuscitation, 

• Serum lactate ≥ 2 mmol/L 

Singer M et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). 

JAMA. 2016 Feb 23; 315: 801-10.

Shankar-Hari M et al. Developing a New Definition 
and Assessing New Clinical Criteria for Septic 
Shock: For the Third International Consensus 

Definitions for Sepsis and Septic Shock (Sepsis-3).
JAMA. 2016 Feb 23; 315: 775-87.

Seymour CW et al. Assessment of Clinical Criteria 
for Sepsis: For the Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3).

JAMA. 2016 Feb 23; 315: 762-74

Sepsis 2.02002
Sepsis 3.02016
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Glasgow Coma Score < 15
SBP < 100 mm Hg Respir. Rate > 22/min

Screening for patients likely to have sepsis

Sepsis-3.0 introduces 
qSOFA as a tool for 
identifying patients 
at risk of sepsis

ICU mortality:
Sepsis.2 = 21,8%
Sepsis.3 = 22.4%

ICU mortality:
Sepsis.2 = 25.6%
Sepsis.3 = 46.7%

SEPTIC	SHOCK
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Possible post-sepsis   
symptoms are:

o Neuromuscular weakness
o Chronic pain
o Post-traumatic stress disorder
o Cognitive impairment
o Depression

3/ ÉPIDÉMIOLOGIE

Direction de 
l'Enseignement
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Thursday, July 11, 2012

Center. The doctors agreed: He was suffering from an upset stomach and dehydration. He was given fluids,
told to take Tylenol, and sent home.
Partially camouflaged by ordinary childhood woes, Rory’s condition was, in fact, already dire. Bacteria had
gotten into his blood, probably through the cut on his arm. He was sliding into a septic crisis, an avalanche
of immune response to infection from which he would not escape. On April 1, three nights after he was sent
home from the emergency room, he died in the intensive care unit. The cause was severe septic shock
brought on by the infection, hospital records say.
Because sepsis, a leading cause of death in hospitals, can at first look like less serious ailments, a campaign
to aggressively identify it for early treatment has been undertaken by a consortium of 55 hospitals in the
New York region, including NYU Langone.
Yet nowhere along Rory’s journey, from boy with a bellyache on Thursday to gravely ill boy on Friday night,
did anyone act on strong indications that he might be fighting for his life. Critical information gathered by
his family doctor and during his first visit to NYU Langone was not used, was not at hand or was not viewed
as important when decisions were made about his care, records show.
Moments after an emergency room doctor ordered Rory’s discharge believing fluids had made him better,

For a moment, an emergency room doctor stepped away from the
scrum of people working on Rory Staunton, 12, and spoke to his
parents. “Your son is seriously ill,” the doctor said.
“How seriously?” Rory’s mother, Orlaith Staunton, asked.
The doctor paused.
“Gravely ill,” he said.
How could that be?

Two days earlier, diving for a basketball at his school gym, Rory
had cut his arm. He arrived at his pediatrician’s office the next
day, Thursday, March 29, vomiting, feverish and with pain in his
leg. He was sent to the emergency room at NYU Langone Medical

Thursday, July 11, 2012

Center. The doctors agreed: He was suffering from an upset stomach and dehydration. He was given fluids,
told to take Tylenol, and sent home.
Partially camouflaged by ordinary childhood woes, Rory’s condition was, in fact, already dire. Bacteria had
gotten into his blood, probably through the cut on his arm. He was sliding into a septic crisis, an avalanche
of immune response to infection from which he would not escape. On April 1, three nights after he was sent
home from the emergency room, he died in the intensive care unit. The cause was severe septic shock
brought on by the infection, hospital records say.
Because sepsis, a leading cause of death in hospitals, can at first look like less serious ailments, a campaign
to aggressively identify it for early treatment has been undertaken by a consortium of 55 hospitals in the
New York region, including NYU Langone.
Yet nowhere along Rory’s journey, from boy with a bellyache on Thursday to gravely ill boy on Friday night,
did anyone act on strong indications that he might be fighting for his life. Critical information gathered by
his family doctor and during his first visit to NYU Langone was not used, was not at hand or was not viewed
as important when decisions were made about his care, records show.
Moments after an emergency room doctor ordered Rory’s discharge believing fluids had made him better,

For a moment, an emergency room doctor stepped away from the
scrum of people working on Rory Staunton, 12, and spoke to his
parents. “Your son is seriously ill,” the doctor said.
“How seriously?” Rory’s mother, Orlaith Staunton, asked.
The doctor paused.
“Gravely ill,” he said.
How could that be?

Two days earlier, diving for a basketball at his school gym, Rory
had cut his arm. He arrived at his pediatrician’s office the next
day, Thursday, March 29, vomiting, feverish and with pain in his
leg. He was sent to the emergency room at NYU Langone Medical

Mum-of-twodiedfromsepsis on family
holidaytwodaysaftercomplainingof sore 
throat
Her children were waiting for her to join them at 
the pool, but tragically the 43-year-old never
recovered.
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World Sepsis Day 
Newsletter 05 /2014

+ 83%

SEPSIS IN DEVELOPED COUNTRIES

Evolution of hospitalizations of patients 
with severe sepsis in emergency 

departments

(n = 407 176 patients)

Seymour et al. Am. J. Resp. Crit. Care Med. 2012, 186, 1264
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EPIDEMIOLOGY  OF  SEPSIS

USA population

Frequency
Mortality

EPIDEMIOLOGY  OF  SEPSIS

USA population

Age

OCCURENCE
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EPIDEMIOLOGY  OF  SEPSIS

male
female

Age
2007 - 2013Gender

EPIDEMIOLOGY  OF  SEPSIS

Association between organ failure and mortality
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EPIDEMIOLOGY  OF  SEPSIS

63% male

Microorganisms

Staphylococcus aureus  30%
Streptococcus 18%
Pseudomonas 14%
Escherichia coli 13%

Non-ICU acquired

Lungs 64%
Abdomen 26%
Urinary 12%
Catheter 8%

Site of infection
ICU acquired

Lungs 80%
Abdomen 11%
Urinary 18%
Catheter 14%

3147 patients in ICU à 37.4% had sepsis (15% Septic shock)

Sepsis mortality from 8% (Switzerland) to 35% (Italy) [France =  27%]

SEPSIS

ESTIMATE DEATH 
PER YEAR

LUNG CANCER

INFARCTION

CAR ACCIDENT

0 10,000 20,000 30,000

EPIDEMIOLOGY  OF  SEPSIS



3/17/18

17

16 x

3 %

Infectious and parasitic deaths worldwide

Worldmapper.org/Sasi Group
(University of Sheffield) and Mark Newman (University of Michigan

2015
Leading cause of mortality:
3rd …lower respiratory infections
15th Neonatal sepsis

EPIDEMIOLOGY  OF  SEPSIS
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SEPSIS IN DEVELOPING COUNTRIES

Lawn et al. Opportunities for Africa’s Newborns

NEONATAL SEPSIS

à 325 000

2015
Worldwide all cause mortality

15th Neonatal sepsis

6th …Bolivia, Peru, Iraq,
5th …Chad, Mali, Nigeria, Togo, Angola, Congo, Gabon
4th …Benin, Burkina Fasso, Cameroon, Côte d’Ivoire, Guinea
3rd …Ghana & Senegal
2nd …Gambia, Mauritania

1.16 million newborn deaths in Afica

Lancet  2016, 388, 1459

EPIDEMIOLOGY  OF  SEPSIS

SEPSIS IN DEVELOPING COUNTRIES
MATERNAL SEPSIS

à 17 900

EPIDEMIOLOGY  OF  SEPSIS
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4/ MICROBIOLOGIE

Bacteriological identity of infecting agents

MICROBIOLOGY
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Major causative pathogens
of neonatal late-onset sepsis and their
incidence by geographical areas.

MICROBIOLOGY

120 adult patients with E. coli bacteremia

Multivariate analysis for sepsis severity showed that the presence of

cytotoxic necrotizing factor-1 gene (cnf) increased the risk of severe 
illness by 6.75 x (95% confidence interval [CI] 1.79–24.71)

and β-lactamase gene (blaTEM ) by 2.59 x (95% CI 1.04–6.43)

The presence of ferric yersiniabactin uptake receptor gene (fyuA) 

was associated to increased mortality (OR 8.05, 95% CI 1.37–47.12)

while the presence of P fimbriae genes had a protective role
(OR 0.094, 95%IC 0.018–0.494).

VIRULENCE

MICROBIOLOGY
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Alicino et al. BMC Infectious Diseases (2015) 15:415

Annual incidences of health-care associated 
carbapenem resistant Klebsiella pneumoniae 

bloodstream infections

Carbapenem
resistant

Carbapenem
sensitive

Genoa, Italy
N = 511 episodes Kp BSI

ANTIBIOTIC
RESISTANCE

MICROBIOLOGY

INCIDENCE E. coli BSI

INCIDENCE
THIRD GENERATION
CEPHALOSPORIN RESISTANCE

Martelius et al. Infect. Dis., 2016, 48, 229–234

Nosocomial bloodstream infections caused by 
Escherichia coli resistant to third-generation 

cephalosporins,

Finland
N = 2217 E.coli BSI

ANTIBIOTIC
RESISTANCE

MICROBIOLOGY
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a

a

2015, 10(12): e0144710

MORTALITY

METHICILLIN
SENSITIVE
S. aureus

23.3 %

COMMUNITY
ACQUIRED

METHICILLIN
RESISTANT
S. aureus

30.5 %

HEALTCARE
ASSOCIATED
METHICILLIN

RESISTANT
S. aureus

47.5 %

Taipei, Taiwan
N = 353 patients
238 S. aureus BSI

ANTIBIOTIC
RESISTANCE

MICROBIOLOGY

Guillemot et al. Clin. Microbiol. Infect. 2005, 11, 502

Antibiotic-susceptible

Antibiotic-resistantANTIBIOTIC
RESISTANCE

MICROBIOLOGY



3/17/18

23

ANTIBIOTIC
RESISTANCE

MICROBIOLOGY

"Unless the many concerned players act urgently in a coordi-
nated way, the world is moving towards a post-antibiotic era
in which common infections and minor injuries, which were 
treated for decades, could kill again"

Dr Keiji Fukuda,
Assistant Director-General of WHO,

ANTIBIOTIC
RESISTANCE

MICROBIOLOGY

April 30, 2014



3/17/18

24

Direction de 
l'Enseignement

5/ DARK VADOR

THE DARK 
SIDE OF 
THE 
IMMUNE 
SYSTEM

Cytokine Storm

"Except on few occasions, the 
patient appears to die from 

the body's response to 
infection rather than from it."

Sir William OSLER
(1849 – 1919)

An excess of
cytokines leads
to organ failure
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Escher

Tumor necrosis factor (TNF)

Interleukin-1 (IL-1), IL-12, IL-15, IL-
17A, IL-18, IL-27, IL-33

Interféron-gamma (IFNg) ;  IFNb

Granulocyte-macrophage colony-stimulating   
factor (GM-CSF)

Leukemia Inhibitory factor (LIF)

Macrophage migration inhibitory factor (MIF)

High mobility group box-1 (HMGB-1)

Some chemokines:
CXCL8 (IL-8), CCL5, ligands of CCR1 
CXCR1 & 2 ; & CCR4

Vascular endothelial growth factor (VEGF)
a

CONTRIBUTION of CYTOKINES TO MORBIDITY 
AND MORTALITY

Klimt

CONTRIBUTION of CYTOKINES TO MORBIDITY 
AND MORTALITYCytokine Storm
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Into the eye of the cytokine storm.
Tisoncik et al. Microb.Mol. Biol. Rev. 2012, 76, 16

Suntharalingam et al. 2006, Vol. 355, p. 1018

Cytokine Storm

Shock and multiple organ dysfunction after 
self-administration of Salmonella endotoxin

Taveira da Silva et al. N. Engl. J. Med. 1993, 328, 1457

1 mg LPS (15 µg/k, i.e. 3750 X dose given to human volunteers)

Serum concentration (pg/ml)

LPS
TNF

ELISA
TNF

Bioassay IL-6 IL-8Hours after
LPS injection

3.6

6.8

11.5

nd

38

< 5

9157

17

nd

14 630

147

nd

nd

263 510

51 910

nd

16 410

3 190

Cytokine Storm
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Detection of circulating 
cytokines in human sepsis

IL-10 1994 Marchand et al. Lancet 343, 707  

TGFb 1996 Marie et al. Ann. Intern. Med. 125, 520

IL-1Ra Rogy et al. J. Am Coll Surg. 178, 1321994

TNF Waage et al. Scand. J. Immunol. 24, 7391986

IL-1 1988 Girardin et al. N. Engl. J. Med. 319, 397

IL-6

IL-8

1989 Waage et al. J. Exp. Med. 169, 33      
Hack et al. Blood 74, 1704

1992 Hack et al. Infect. Immun. 60, 2835 
Friedland et al. Infect. Immun. 60, 2402 

Cytokine Storm

Circulating LPS 
in patients with 
severe sepsis

Opal et al.  (1999)                                  
J. Infect. Dis. 180, 1584
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Chemokine patterns in meningococcal disease
Moller et al. J. Infect. Dis. 2005; 191: 768

LPS (EU/ml) LPS (EU/ml)

IL
-8

 (p
g/

m
l)

M
C

P-
1 

(p
g/

m
l)

The plasma levels of LPS positively correlate with 
the plasma levels of chemokines 

OUTCOME

INFECTION

Microbial virulence factors
Gram +, or Gram -, or mixed infection

Site of infection

ORGAN
FAILURE

(in)adequate antibiotherapy

Iatrogenic events
Quality of health cares

I.C.U

Asymptomatic viral infection

Stochastic events
Underlying diseases

Gender
Smoking / alcohol

Ethnic group

Immune status
Age

Genetic background

Cavaillon & Adrie
IN Sepsis and non-infectious systemic inflammation,
Wiley-Blackwell, 2009
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MICROBES

COMPLEMENT

+ MICROBES

+ CYTOKINES

COMPLEMENT

+ MICROBES

FREE RADICALS

+ CYTOKINES

+ COMPLEMENT

+ MICROBES

+ EICOSANOIDS

FREE RADICALS 

+ CYTOKINES

+ COMPLEMENT

+ MICROBES

+ APOPTOSIS 

+ NEUROMEDIATORS 

+  EICOSANOIDS

+ FREE RADICAL

+  CYTOKINES

+ COMPLEMENT 

+ MICROBES

+ NEUROMEDIATORS

+ EICOSANOIDS

+ FREE RADICALS

+ CYTOKINES

+ COMPLEMENT

+ MICROBES

+ COAGULATION

+ HYPOXIA

+ APOPTOSIS

+NEUROMEDIATORS 

+ EICOSANOIDS

+ FREE RADICALS

+ CYTOKINES

+ COMPLEMENT

+ MICROBES

Mediators / Events

Severity

SYNERGYSYNERGY

Severity
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6/ ALTÉRATION IMMUNITAIRE

Pro-inflammatory mediators

INFLAMMATION MODERATE:
beneficial alarm signal

TNF,
IL-1
NO...

COAGULATION

Tissue factor

C5a

INFECTION SEPSIS

Monocytes / 
macrophages

Epithelial
cells

Endothelial cells

Dendritic
cells

Lymphocytes

Mast cells
Neutrophils

INNATE IMMUNITY : 
anti-infectious response

Nod

SEVERE
Deleterious

effects ORGAN
DYSFUNCTION

IL-10, IL-1ra, sTNFR….

INFLAMMATION : down-regulation

Peripheral
Nervous
system

Acute
Phase

Proteins

Neuro-
endocrine
pathway

Anti-inflammatory mediators

APOPTOSIS

IMMUNITY :
immune depression

PGRP

TLR

INCREASED 
SUSCEPTIBILITY TO 

NOSOCOMIAL INFECTION

?

Annane, Belissan, Cavaillon - Lancet 2005, 365, 63

sCD14
LBP

Defensins

Bacteria

OmpPGN
DNA Lipoproteins

Fimbriae
LPS

COMPLEMENT 
SYSTEM

NK cells
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TRAUMA - HEMORRHAGE - SURGERY - INFECTION - DISEASES

IMMUNE STATUS

LYMPHOCYTE
PROLIFERATION NK

ACTIVITY
CYTOKINE

PRODUCTION

IMMUNE
DYSREGULATION

ANERGY TO
SKIN TEST
ANTIGENS

APOPTOSIS

LEUKOCYTE

POPULATIONS
CHANGES

CELL SURFACE

SUB-

MARKERS CHANGES
e.g. HLA DR, CXCR2…

Suppression of
the immune

system

Sepsis : a new hypothesis for pathogenesis 
of the disease process

Roger BONE
(1941–1997)

Bone et al. Chest 1997, 112, 235

Organ 
Dysfunction

Cardiovascular
compromise

shock

CARS may be considered as an adapted
compartmentalized response with the 
aim to silence some acute pro-
inflammatory genes, and to maintain the 
possible expression of certain genes 
involved in the anti-infectious process.

S I R S
Systemic

Inflammatory
Response
Syndrome

C A R S
Compensatory

Anti-inflammatory
Response
Syndrome
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S I R S
Systemic

Inflammatory
Response
Syndrome

C A R S
Compensatory

Anti-inflammatory
Response
Syndrome

INFLAMMATION

LEUKOCYTE
REPROGRAMMING

GLUCOCORTICOIDS

ACUTE PHASE PROTEINS

DANGER SIGNALS
(PAMPs, DAMPs)

INFLAMMATORY CYTOKINES

FREE RADICALS

LIPID MEDIATORS

PROTEASES

S I R S
Systemic

Inflammatory
Response
Syndrome

ANTI-
INFLAMMATORY
CYTOKINES
IL-4
IL-10
IL-13
IL-25
IL-27
IL-35
IL-37
IFNa
TGFb

INFLAMMATORY
CYTOKINES 
INHIBITORS

sTNFR
sIL-1R 
IL-1Ra, IL-38 
IL-18BP, IL-36Ra, 

LIPID MEDIATORS

Protectin
Resolvin
Lipoxin

NEUROMEDIATORS

ACETYLCHOLINE
VIP, aMSH

CHEMOKINES

C A R S
Compensatory

Anti-inflammatory
Response
Syndrome
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Time

Insult

Systemic Inflammatory
SIRS

Response syndrome
Pro-inflammatory 
cytokines

CARS
Compensatory anti-Inflammatory
Response syndrome

Anti-inflammatory 
cytokines

THE TWO WAVES CONCEPT

J. Endotoxin Res. 2001, 7, 85 

Nb
ro

f c
el

ls
/µ

l

0

500

1000

1500

Normal Values
(age-matched)

Septic shock Patients H0

Septic Shock Patients H48

CD4+

* **

CD8+

* **

B

* *

NK

** **

Venet et al. 
Shock. 2010 34, 358-63.

Observed for all lymphocyte subsets

Monneret et al
Mol Med 2008;14, 64

Observed for all 
lymphocyte subsets

but not Treg

LYMPHOPENIA
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Sepsis induces apoptosis of B,
CD4+ T lymphocytes and dendritic cells

Human
spleen

Follicular 
dendritic cells

TRAUMA SEPTIC

Hotchkiss et al. J. Immunol. 2001, 166, 6952
N. Engl. J. Med. 2003, 348, 138

APOPTOSIS

Epithelial cells

ALI/ARDS

Intestinal
Barrier

dysfunction

SEPSIS

Vascular leak
Thrombosis

Neutrophils
Altered

Contractility

Cardiac myocytes

A
l

t
e

r
e

d
 I

m
m

u
n

e
 S

ta
t

u
s

Lymphocytes

NK Cells

Thymocytes
Endothelial cells

Dendritic cells

AKI

Autonomic
failure Cavaillon et al. Critical Care 2014, 18:216



3/17/18

35

20

40

60

80

% HLA-DR+
Monocytes

1 3 6 9 12 16 20
days after injury

MONOCYTE HLA-DR EXPRESSION IN TRAUMA PATIENTS
Hershman et al.  Br. J. Surg. 1990, 77, 204

Death

major sepsis

uneventful 
recovery

healthy control

HLA-DR

Dysregulation of in vitro cytokine production by monocytes during 
sepsis
Muñoz et al. J. Clin. Invest. 1991, 88: 1747

MONOCYTES
LPS TNFa

IL-1a

NEUTROPHILS

LPS

Reduced ex vivo interleukin-8 production by neutrophils in septic and 
nonseptic systemic inflammatory response syndrome
Marie et al. Blood  1998, 91: 3439

Interleukin-1 receptor antagonist production during infectious and 
noninfectious systemic inflammatory response syndrome
Marie et al. Crit Care Med 2000; 28: 2277

IL-8
IL-1Ra

Con.A
LYMPHOCYTES

Ex vivo T-lymphocyte derived cytokine production in SIRS patients is 
influenced by experimental procedures

Muret et al. Shock 2000, 13, 169

IL-2,
IL-5
IL-10

IL-1b
IL-6

ALTERED  EX VIVO  CYTOKINE  PRODUCTION  IN  SEPSIS  AND  SIRS

NK CELLS

PAMPs + IL-15 + IL-18
GM-CSF
IFNg

Toll-like receptors expression and interferon-g production by NK cells in 
human sepsis 
Souza-Fonseca-Guimaraes et al. Crit. Care 2012, 16 :R206.

NK cell tolerance to TLR agonists mediated by regulatory T-cells after 
polymicrobial sepsis.
Souza-Fonseca-Guimaraes et al. J Immunol. 2012; 188: 5850-8
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Cumulative incidence of hospital discharge after
30 days according to CMV reactivation status

VIRAL REACTIVATION

Direction de 
l'Enseignement

7/ DIAGNOSTIC



3/17/18

37

Kumar et al. Crit Care Med. 2006, 34, 1589-96

SEPSIS IN DEVELOPED COUNTRIES

Sepsis is a medical emergency

Main biomarkers of interest in sepsis

Parlato & Cavaillon, Methods in Molecular Biology, 2015, 1237, 149-211
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Messer et al. J Pediatr. 1996,129:574–580

Strait Pediatrics 1999, 104:1321–1326

Kellum et al. Arch Intern Med 2007, 167:1655–1663

Strohmeyer et al. Cytometry (B) 2003, 53, 54

Gibot et al. Am J Respir Crit Care Med 2012, 186:65–71

Fischer et al. Intensive Care Med 2002, 28:1324–1331

Santana Reyes et al. Acta Paediatr 2003, 92:221–227

Edgar et al. BMC Pediatr 2010,10:22

Povoa et al. Clin Microbiol Infect 2005, 11:101–108

Angeletti et al. Clin Chem Lab Med 2013, 51:1059–1067

Selberg et al. Crit Care Med 2000, 28:2793–2798

Kofoed et al. Crit Care 2007, 11:R38

Llewelyn et al Crit Care 2013, 17:R60

Shapiro et al Crit Care Med 2009,  37:96–104

Parlato & Cavaillon, Methods in Molecular Biology, 2015, 1237, 149-211

Combined biomarkers for sepsis diagnosis

A novel host-proteome signature for distinguishing
between acute bacterial and viral infections

Oved et al.

IP-10

CRP

Likelihood
of bacterial

infection

AUC = 0.96 ± 0.02

PROTEOMIC 

TRAIL
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TRANSCRIPTOMIC 

Livaditi et al. Cytokine 2006, 36, 283

NEUTROPHIL CD64 (FcgRI) & PLASMA IL-8,
MARKERS OF SEVERITY

1000080006000400020000

Non-survivors

Survivors

CD64 (molecules / cells)

Controls Sepsis Severe 
sepsis

Septic 
shock

CD64

CD64

IL-8 (pg/ml)

p = 0.004

CD64
ON PMN

CELL SURFACE 
MARKERS

CELL SURFACE
MARKERS 
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miRNA from 
CD14+ cells

2009; 380: 437-41

26;394(1):184-8

2010; 394: 184-8

miRNA

miR-125b-5p ↑

Let-7b-5p ↓
miR-19b-3p ↑
miR-24-3p ↑
miR-143-3p ↑
miR-150-5p ↑
miR-199b-5p ↑
miR-223-3p ↑
miR-374b-5b ↑

miR-26b-5p ↓

miR-27b-3p ↑

miR-21b-3p ↑
miR30a-5p ↑
miR-100-5p ↑
miR122-5p ↑
miR-193-5p ↑

Cellular and extracellular miRNAs are blood
compartment-specific in sepsis

Reithmair et al. J. Cell. Mol. Med. 2017, 21, 2403

CELLSEXOSOMES

SERUM

Septic shock

miRNA
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Positive values of the coefficients indicate 

increased metabolite concentrations in 

septic shock samples (fold change > 1) 

while negative values represent a 

decrease in metabolite concentrations in 

septic shock samples, as compared to ICU 

controls (fold change < 1).

Crit Care Med 2014; 42: 1140–1149METABOLOMIC

CRP +
CD64

LR = likehood ratio

COMBINED
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Cell surface
markers

CD14+ / HLA-DR       
CD14+ / CX3CR1

CD66+ / CD64      

CD56+ / TLR2, 4
CD56+ / CD69

Host markers

Plasma
markers TNF

IL-6
IL-18
IL-1Ra
IL-10
CXCL1
CXCL8
CCL2
CCL5 ...

CRP
Procalcitonin
sTREM-1
PBEF
suPAR
PSP  ...

DNA
PGN

Bacterial markers

mRNA

CD14HIGH & CD14LOW

MONOCYTES

CD56BRIGHT & CD56DIM

NK CELLS

NEUTROPHILS

microRNA
CD14+

COMBINED APPROACH
FOR THE EARLY

DIAGNOSIS OF SEPSIS

CAPTAIN 
STUDY

PROGRAMME 
HOSPITALIER DE 
RECHERCHE 
CLINIQUE

COMBINED

SeptiTest

40 studies

% SENSITIVITY : 68.8%  [range : 25.6 – 95.2] 

% SPECIFICITY : 85.2% [range : 50 – 98.7]

Bacterial DNA Polymerase chain reaction (PCR)

+ mass spectrometry
+ Universal digital high-resolution melt (U-dHRM)

Loop-mediated isothermal amplification (LAMP

Technology)

Blood Culture : 
24 – 48 h

BACTERIAL DNAemia
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Direction de 
l'Enseignement

8/ THÉRAPIES

Community-acquired bloodstream infection in critically ill 
adult patients: impact of shock and inappropriate 
antibiotic therapy on survival

Vallès et al. Chest 2003;123;1615-1624

TREATMENT OF SEPSIS

To	offer	the	fastest	appropriate	
treatment,	fast	diagnosis	is	mandatory



3/17/18

44

SIRS

Systemic Inflammatory Response Syndrome

CARS

TREATMENT OF SEPSIS

Homo sapiens Mus musculus

Can you make a difference?

What about their immune system?
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72 STUDIES

7 NEGATIVE IMPACT Incl. TNF-Fcg & iNOS inhibitor 

10 POSITIVE IMPACT

High dose IgG
Steroids
Act. Protein C
High Vol. Hemofiltr.

Not supported later
Not supported later

Not supported later
Not supported later

55 NO EFFECT

Incl. Anti-LPS ; High dose corticoids ;
IL-1Ra ; anti-TNF ; PAF R antagonist ;
Anti-thrombin ; high volume hemofiltration ;
Rec Tissue Factor Inh. ; Elastase Inh. ;

54 535 patients

1987 - 2006

TREATMENT OF SEPSIS

.... Agressive
immunosuppressive 
therapy should not

be delayed.

Raschke and Garcia-Orr
Hemophagocytic Lymphohistiocytosis. A potentially underrecognized association with 
systemic inflammatory response syndrome, severe sepsis and septic shock in adults
Chest  2011, 140, 933-8

à 60 - 65 %

TREATMENT OF SEPSIS

Bone marrow

HEMOPHAGOCYTOSIS
MACROPHAGE ACTIVATION SYNDROME
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TREATMENT OF SEPSIS

Shakoory et al. Crit Care Med 2016 Feb;44(2):275-81

35% mortality

65% mortality

Concurrent presence of hepatobiliary dysfunction (HBD) and 
disseminated intravascular coagulation (DIC), were used to identify 
subjects with features of macrophage activation syndrome (MAS)

1994, Vol 271, 1836

Interleukin-1 Receptor antagonist reduces mortality in sepsis 
patients with features of macrophage activation syndrome

IL-7

IL-15

GM-CSF
Am J. Resp. Crit. Care Med. 2009, 180, 640

IFNg

Monocyte deactivation in septic patients: restoration by IFN-g treatment
Döcke WD, Randow F, Syrbe U, Krausch D, Asadullah K, Reinke P, Volk HD, Kox W.

1997 Jun;3(6):678-81

Boosting the immune system
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Boosting the immune system

GM-CSF INTERLEUKIN-7 g-INTERFERON

While all these cytokines can restore the immune status, 
all these cytokines possess pro-inflammatory properties that 
can be deleterious in certain compartments.

Boosting the immune system
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A Trial of Validation and Restoration of Immune 
Dysfunction in Severe Infections and Sepsis (PROVIDE)

Date of registration : 27/10/2017
Primary sponsor : Hellenic Institute for the Study of Sepsis

FERRITINE

TREATMENT OF SEPSIS
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TREATMENT OF SEPSIS

SEPSIS

LIMIT THE INFLAMMATORY REACTION
PREVENT APOPTOSIS

THERAPEUTIC INTERVENTION

RESTORE IMMUNE FUNCTION
REGULATE APOPTOSIS

LEUKOCYTE REPROGRAMMING
é LYMPHOCYTE

APOPTOSIS
ê NEUTROPHIL

APOPTOSIS

ALTERED IMMUNE STATUS

ALTERATION OF ORGAN 
FUNCTION

ORGAN  FAILURE

INFLAMMATORY
CYTOKINE 

INFLAMMATORY
MEDIATORS

APOPTOSIS
OF

ENDOTHELIAL
AND

EPITHELIAL
CELLS

Cavaillon et al. Critical Care 2014, 18:216
Implication in terms of therapeutic interventions
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Louis Pasteur by A. Edelfelt
Pasteur is shown holding a vial where a piece of rabbit spinal cord containing attenuated rabies virus is suspended.

« If it is terrifying to think 
that life can be dependent 
on the multiplication of 
these infinitely small, it is 
also comforting to hope 
that science will not always 
remain powerless in front 
of such enemies. » (1878)

Louis Pasteur, 1878


