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SEPSIS DEFINITION
@ Sepsis is 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

SEPSIS PATHOBIOLOGY

BASIC KNOWLEDGE
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SPECIFIC ADJUNCTIVE THERAPIES & SSC GUIDELINES



ONE SIZE DOES NOT FIT ALL



FROM ONE SIZE FITS ALL to PERSONALIZED APPROACH

Lancet Respir Med 2017; 5: 212–23



SEPTIC SHOCK 
Timing of Death



OBJECTIVE To derive sepsis phenotypes from clinical data, determine their reproducibility and 
correlation with host-response biomarkers and clinical outcomes, and assess the potential causal 
relationship with results from randomized clinical trials.
METHODS: 
i) Retrospective analysis of data sets using statistical, machine learning, and simulation tools. 

Phenotypes were derived among 20 189 total patients (16 552 unique patients) who met Sepsis-
3 criteria within 6 hours of hospital presentation at 12 Pennsylvania hospitals (2010-2012) using 
29 variables. 

ii) Reproducibility and correlation with biological parameters and clinical outcomes were assessed 
in a second database (2013-2014; n = 43 086 total patients and n = 31 160 unique patients), in a 
prospective cohort study of sepsis due to pneumonia(n = 583), and in 3 sepsis RCTs (n = 4737).

α phenotype: the most common (n = 6625; 33%) and included patients with the lowest 
administration of a vasopressor

β phenotype (n = 5512; 27%), patients were older and had more chronic illness and renal 
dysfunction

γ phenotype (n = 5385; 27%), patients had more inflammation and pulmonary 
dysfunction;

δ phenotype (n = 2667; 13%), patients had more liver dysfunction and septic shock

From One Size Fits All To Personalized Approach
PHENOTYPING-CLINICAL DATA
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From One Size Fits All To Personalized Approach
PHENOTYPING-CLINICAL DATA (VITAL SIGNS)

@ Most studies have identified sub-phenotypes using static measurements of biomarkers or vital signs
@ “Temporal instability” of sepsis suggests that static snapshots of labs and vitals may not identify sub-phenotypes 

that are consistent over time.
@ Routine bedside measurements as vital signs may increased feasibility in precision enrollment for clinical trials.

@ 12473 patients with suspected 
infection admitted to four 
academic hospitals in Emory 
Healthcare between 2014–2017 
(training cohort) and 8256 
between 2018–2019 (validation 
cohort) 

@ Group-based trajectory 
modeling to vital signs from the 
first 8 h of hospitalization to 
develop and validate vitals 
trajectory sub-phenotypes. 

@ treatment with balanced 
crystalloids versus saline was 
tested in 1641 patients a 
secondary analysis of 
SMART(Isotonic Solutions and 
Major Adverse Renal Events 
Trial).

Int Care Med 2022

A: (N = 3483, 28%) were hyperthermic, 
tachycardic, tachypneic and were relatively 
hypotensive.

B: (N = 1578, 13%) were also hyperthermic, 
tachycardic and tachypneic and 
hypertensive. 

C:(N = 4044, 32%) lower temperatures, heart 
rates, and respiratory rates, normotensive

D: (N = 3368, 27%) lower temperatures, 
heart rates, and respiratory rates, 
hypotensive



From One Size Fits All To Personalized Approach
PHENOTYPING-CLINICAL DATA (VITAL SIGNS)

Int Care Med 2022

Mortality 30-day (group C reference)

Lab values



From One Size Fits All To Personalized Approach
PHENOTYPING-CLINICAL DATA (VITAL SIGNS)

Int Care Med 2022

@ Subphenotypes based on trajectories of vital 
signs over the first 8 hours of hospitalization 
had DISTINCT:

• baseline clinical characteristics, 
• lab abnormalities, 
• organ dysfunction profiles
• outcomes. 

@ Subphenotype significantly modified the effect 
of intravenous fluid on mortality. 



PREDISPOSITION: Pre-existing  illness, genetic polymorphisms
Difficult 

Patient

INSULT: 
Site of infection, type of infection, virulence and 

sensitivity of infecting pathogens; 

Difficult

Micro-organisms

Or Site

RESPONSE
SIRS, other signs of sepsis, activated inflammation 

(PCT or IL-6) or impaired host responsiveness (HLA-

DR)

Difficult

Immune 

Inflammatory

ResponseORGAN 
DYSFUNCTION

Time and number of failing organs

ARE ALL THE SEPTIC PATIENTS SIMILAR ?



IMMUNE RESPONSE IN SEPSIS



INFLAMMATORY-IMMUNE 
RESPONSE IN SEPSIS

PICS
Persistent Inflammation 

immunosuppression 
Catabolic
Syndrome



INFLAMMATORY-IMMUNE RESPONSE IN SEPSIS

The inflammatory-immune response may vary and depends on 
@ Microorganism(s) load and virulence
@ Host genetic factors and comorbidities 

Healthy young adult with 
meningococcemia: 
Overwhelming proinflammatory 
response which is likely to eradicate 
bacteria but lead to tissue damage and 
multiorgan failure

Healthy young adult with CAP 
responsive to Abx : 
adequate proinflammatory re-sponse, 
combined with an adequate non-sustained 
antiinflammatory response to pre-vent 
tissue damage

Patient with candidemia after 
postoperative abdominal sepsis: 
Proinflammatory response combined with 
a pronounced or sustained anti 
inflammatory state with persisting 
bacterial or secondary (opportunistic) 
infections



IMMUNE RESPONSE 
IN COVID19

Sepsis

COVID19



INFLAMMATORY-IMMUNE 
RESPONSE IN SEPSIS
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dysregulated host 
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ICU–Modena 
University
2016-2017
100 septic shock

Immune System 0 1 2 3 4
Monocyte HLA-DR (mAb)

or 
Lymphocytes (n/mcl)
or
HSV/CMV reactivation

8000
or

> 1200
or
NO

6-8000
or 

900—1200
or
NO

5000-8000
or

600-900
or

YES/NO

2500- 5000
or

400-600
or

YES

<2500
or

< 400
or

YES

ImmunoMonitoring

HLA-DR*; CMV; 
Lympho
DAY-0 (shock 
onset)
DAY-3
DAY-7
DAY-14

* Not available 
WEND

26 74 21 44 24 29patients

Immune-SOFA
≥ 2< 2



From One Size Fits All To Personalized Approach
PHENOTYPING-BIOMARKERS

@ COVID-19 patients are immunologically heterogeneous, immunologically
similar COVID-19 subphenotypes may differ in their treatment responses
to convalescent plasma

@ 1239 patients (REMAP-CAP) subphenotypes by measuring 26 biomarkers
(cytokines, chemokines, endothelial biomarkers)

@ Unsupervised analyses identified 3 subphenotypes/endotypes
i. subphenotype-1 (70.2%) variable biomarker pattern, dysregulated

response
ii. subphenotype-2 (10.3%) mixed immune response
iii. subphenotype-3 (19.5%) with exaggerated inflammation

@ Subphenotypes similar age, sex, comorbidities, illness severity, types of
respiratory support, and prevalence of immu-nosuppression

@ Subphenotypes-2, and -3 had worse outcomes,
@ Subphenotype-1 had better outcomes with convalescent plasma therapy

biomarkers 
associated 

with 
dysregulated 

immune 
responses

chemokines , 
cytokines 

associated 
with 

leukocyte 
migration and 

activation

biomarkers 
associated 
with Type I 
and II and 
interferon 
response

Compared to Sub 1



@Steroids

@Blood purification

@Immunoglobulins

@G-CSF/GM-CSF

@IL  3/7/15

@Interferon-γ

@Anti PD1/PDL1 (programmed death; ligand)

@Anti-BTLA (B and T Lymphocyte Attenuator)

@Anti-CTLA-4 (Cytotoxic T Lymphocyte 

Antigen-4 )

@Combination:

@IL-7 with anti-PD-1/anti-PD-L1 in 

patients with lymphopenia and T 

cell exhaustion

@Anti-PD-1/anti-PD-L1 or IL-7 and 

IFN-gamma in patients with 

decreased HLA-DR expression on 

monocytes and T cell dysfunction

From One Size Fits All To Personalized Approach
IMMUNE-PHENOTYPE



TAKE HOME PICTURE

ADJUNCTIVE THERAPIES FOR SEPSIS (included the new trigger)



ADRECIZUMAB

RATIONALE
@ Bioactive ADM (bio-ADM) is an active, short-lived circulating peptide essential for endothelial barrier development 

and stability 
@ Elevated plasma levels of bio-ADM are associated with severe multiple organ dysfunction and an elevated mortality 

risk in septic shock patients
@ Bystander of endothelial dysfunc-tion or a counterregulatory response to the impairment of vascular integrity ?. 
@ Pre-clinical models showed that modulating the ADM path-way with the high-affinity, non-neutralizing monoclonal 

anti-ADM antibody adrecizumab, improved endothelial homeostasis and survival. 
TRIAL
@ Phase-2a, double-blind, randomized, placebo-controlled biomarker-guided trial
@ 301 (72+77 vs 152) patients with adrenomedullin > 70 pg/mL, < 12 h of vasopressor start for septic shock. 
@ Single infusion of adrecizumab (2 or 4 mg/kg b.w.). Randomization was 1:1:2. 
@ Primary safety: 90-day mortality, treatment emergent adverse events and tolerability (drug interruption, 

hemodynamics) 
@ Efficacy endpoints: Sepsis Support Index (SSI, reflecting ventilator- and shock-free days alive), change in 

Sequential-related Organ Failure Assessment (SOFA) and 28-day mortality. 

Intensive Care Med 
(2021) 47:1284–1294

Personalized Medicine in sepsis….”Trial designs should combine biomarker-guided enrichment of enrolled patients to 
reduce heterogeneity and biomarker-guided therapy to enhance likelihood of success for novel therapies…”



ENDOTHELIUM and COVID19

INFLAMMATION & COAGULATION

End-stage non-specific 
interstitial pneumonia

ANGIOGENESIS

@ In Covid-19 (n =7) and influenza (n = 7) respiratory failure: histologic pattern of diffuse alveolar damage with perivascular T-cell infiltration.
@ In Covid-19 endothelial injury associated with the presence of intracellular virus, thrombosis and microangiopathy. 
@ In Covid-19 alveolar capillary microthrombi were 9 times than patients with influenza
@ In Covid-19 the amount of new vessel growth was 2.7 times than in the lungs from patients with influenza

In our small series, vascular angiogenesis distinguished the pulmonary pathobiology of Covid-19 from that of equally severe influenza virus infection.



FROM ONE SIZE FITS ALL
to PERSONALIZED APPROACH

ENDOTYPE-Gene expression



ADRECIZUMAB Intensive Care Med (2021) 
47:1284–1294

Primary Endpoint: Adrecizumab was well tolerated (one interruption, no hemodynamic alteration) with no 
differences in frequency and severity in TEAEs between treatment arms (TEAE of grade 3 or higher: 70.5% in the 
adrecizumab group and 71.1% in the placebo group) nor in 90-day mortality. 



FROM ONE SIZE FITS ALL to PERSONALIZED APPROACH

We suggest there are two major goals for systems 
biology in infection medicine: 
(1) to identify subgroups of patients that share 

treatable features
(2) to integrate high-throughput data from clinical 

and in vitro sources in order to predict 
tractable therapeutic targets with the potential 
to alter disease trajectories for individual 
patients.



Sepsis

COVID19

Olwal CO, Nganyewo NN, Tapela K, Djomkam Zune AL, Owoicho O, Bediako Y, Duodu S. 
Parallels in Sepsis and COVID-19 Conditions: Implications for Managing Severe COVID-19. Front 
Immunol. 2021 Feb 3;12:602848.

Analogies Differences

Pathobiology
(viral sepsis)

• Dysregulated host response
• Early Endothelial involvement
• Multiple organ dysfunction
• High heterogeneity

• BACTERIAL SEPSIS: more 
frequent shock and rapid MOF

• COVID19: Severe coagulopathy 
leading to thrombosis/ 
embolism

Cytokine storm
(yes, no, maybe)

• Early phase • BACTERIAL SEPSIS: Robust in 
the early phase

• COVID19: Moderate in the early 
phase but persisting in late 
phase

Immune 
dysfunction

(when and how
much) 

• Mechanisms involved 
• Immune and clinical 

consequences (immune-
paralysis and secondary 
infections)

• BACTERIAL SEPSIS: Progressive 
• COVID19: Earlier and more 

pronounced (persisting 
viremia/viral replication ?)

Bacterial sepsis and COVID19: analogies and differencesTHE ‘NEW’ TRIGGER
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