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Endotype = Endophenotype
•…ability to differentiate between potential diagnoses that 

present with similar symptoms.

•Genetic epidemiology
• Separate behavioral symptoms into more stable phenotypes with a 

clear genetic connection. 
• The concept to explain the geographic distribution of grasshoppers. 1966

•Psychiatric genetics
• Bridge the gap between high-level symptom presentation and low-level 

genetic variability, such as single nucleotide polymorphisms.
• Examples: bipolar disorder and schizophrenia

•Other conditions
• ADHD, addiction, Alzheimer's disease, obesity and cystic fibrosis
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Sub-phenotype vs Endotype

Seymour	et	al.	JAMA.	2019;321(20):2003-2017.	



More	inflammation

More	underlying
comorbidity
Higher	post-d/c	
mortality

More	pulmonary	
involvement	

Acute	Kidney	 Injury
Hepatic	Dysfunction
Endothelial	Dysfunction

33% 27% 27% 13%

Seymour	et	al.	JAMA.	2019;321(20):2003-2017.	

Sub-phenotypes by Machine Learning



20142001

Significant	 improvements	
over	time	for	𝛂,	𝛃,	and	𝛄 phenotypes

No	change	for	𝛅

Survival improving for most forms of sepsis . . .

Seymour	et	al.	JAMA.	2019;321(20):2003-2017.	



Pediatrics

Qin et al. Critical Care (2022) 26:128 
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Molinari	 L,	et	al.	Chest	2024	In	Press



Molinari	 L,	et	al.	Chest	2024	In	Press



Figure	1	(new)

Delirium
Somnolence	

Impaired	gas	
exchange
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Sepsis-induced Organ Dysfunction 

While	patients	can	develop	
dysfunction	 in	all	organs,	a	
typical	patient	has	some	but	
not	all	organs	affected



Phenotype

Genetics Environment

Why do we see different Phenotypes?



Environment

Why do we see different Phenotypes?



Angus and van der Poll. NEJM 2013;369:840-51.



Figure	1	(new)
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Fluid	resuscitation	may	
cause	pulmonary	edema

Sedation

Medications
Medications

Sedation,	
mechanical	
ventilation

Various	treatments	for	serous	infection	may	be	the	cause	organ	dysfunction	rather	than	sepsis.



Seymour	et	al.	JAMA.	2019;321(20):2003-2017.	

Phenotype is related to inflammatory mediator expression

…on average



Environment: Phenotype is not related to site of infection

Seymour	et	al.	JAMA.	2019;321(20):2003-2017.	



J	Clin	Med.	2022	Jan	26;11(3):619.
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Nobel	Prize,	2011
Together	with	
Jules	Hoffman



DAMPs and PAMPs
• Damage-Associated Molecular Patterns

• HMGB1
• Heat-shock Proteins
• Hyaluronan fragments
• Uric acid
• Heparin sulfate 
• DNA

• Pathogen-Associated Molecular Patterns

§ Endotoxin
§ Flagellin 
§ Lipoteichoic acid (gram-

positive bacteria)
§ Peptidoglycan
§ Nucleic acid variants (viruses) 

e.g. double-stranded RNA 
(dsRNA), 
unmethylated CpG motifs



Genetics

Why do we see different Phenotypes?







*Minor	Allele	Frequency

*

aHUS:	atypical	hemolytic	
uremic	syndrome

HLH:	Hemophagocytic	
Lymphohistiocytosis—a.k.a.	
Macrophage	activation	
Syndrome	 (MAS)
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aHUS



Known genetic defects



Treatment



MAS/HLH

Schulert,	Grant	&	Grom,	Alexei.	(2014).	Annual	 review	of	medicine.	66.	

Clinical	 features
Nonremitting fever
Hepatomegaly
Splenomegaly
Lymphadenopathy
Hemorrhagic	manifestations
Encephalopathy

Laboratory	features
Cytopenias
Abnormal	 liver	function	 tests
Coagulopathy	 (DIC)
Decreased	ESR
Hypertriglyceridemia
Increased	lactate	dehydrogenase	 level
Hyperferritinemia

Histopathologic	 features
Bone	marrow:	Macrophage	hemophagocytosis

Increased	CD163	staining

Hematol Oncol Clin N Am 29 (2015) 927–941

Rheumatic
disease



MAS: ProCESS
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HBD	(T	Bili	≥	1.2	mg/dL	)
DIC	(Plts ≤	100	and	INR	>1.5)
N	=	82/1341	(6%)

Anderko et	al.	ICMx.	2022;10(1):6.



CCM	2016	•	Volume	44	•	Number	2

Total	N	=	43/763	5.6%



Conclusions
• Sepsis is not a single disease

• AKI in not a single disease (even in sepsis)
• Sepsis associated AKI vs sepsis induced AKI
• aHUS and MAS are underdiagnosed 

• A “malignant” subgroup accounts for 15-20% of patients with sepsis who:
• Have significant acute organ failure (especially kidney, liver and endothelial) 
• Mortality exceeding 40% at 28 days with no improvement in recent years
• Nearly identical subgroup in pediatrics

•Multiple molecular targets exist
• Environmental: e.g. DAMPs and PAMPs
• Host derived (~Genetic): e.g. complement, IL-1

•New diseases may be discovered for sepsis and AKI but existing conditions may 
help explain much of the observed variation. 


