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Learning objectives
•Review the epidemiology of sepsis and inherent heterogeneity in the 

population 

•Discuss the role of AI and molecular biology in subclassification of sepsis

•Review the role of endotoxin in pathophysiology of sepsis organ 
dysfunction. 

•Understand how to measure endotoxin using the Endotoxin Activity Assay 
[EAA].

•Consider potential personized therapies for sepsis on the horizon



Sepsis1
1.7 million per year US
15-20% Mortality*

*Mortality attributed to sepsis. Usually measured within 30-60 days. 

1Centers for Disease Control and Prevention, National Center for 
Emerging and Zoonotic Infectious Diseases (NCEZID), Division of 
Healthcare Quality Promotion (DHQP) August 9, 2022
2Critical Care Medicine 46(12):p 1889-1897, December 2018
3Spectral Management estimates, based on Euphrates trial data

Septic Shock2
425k per year US
34% Mortality*

Endotoxemic Septic Shock3

140k per year US
>50% mortality

Other forms of Septic Shock
285k per year US
25-30% mortality

Sepsis Epidemiology

Sepsis without shock
~1.3 million
~10% Mortality



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. 



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. 



Why is sepsis mortality improving?
•No new interventions that improve survival 
• No new drugs
• Not Fluids (EGDT trials and COVER were negative)
• Not Vitamins (Vitamin C is actually harmful) 
• Maybe steroids for severe septic shock

•Better recognition?
• Most important for cases that are mild or easily missed à usually these are less severe
• Not all that causes fever is sepsis 

•Emphasis on avoiding harm
• Protective lung ventilation
• Avoiding nephrotoxins (e.g. saline)



PROWESS

ProCESS

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



Pediatrics

Qin et al. Critical Care (2022) 26:128 

34%
25%
27%
14%

Occurrence

+++Kidney
++Liver
+++Endothelium

Hospital Mortality
33.9%



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

Phenotype is related to inflammatory mediator expression

…on average



Phenotype

Genetics Environment







*Minor Allele Frequency

*

aHUS: atypical hemolytic 
uremic syndrome

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



*Minor Allele Frequency

aHUS: atypical hemolytic 
uremic syndrome

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



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

0 20 40 60 80
0

20

40

60

80

100

Days

M
or

ta
lit

y 
(%

)

Cumulative 90-day Mortality

sepsis HBD+DIC

90-day Mortality

0 1 2 3 4 5
Odds Ratio

90-day Mortality

Race
Age****

Gender
Charlson Index****

APACHE III****
Creatinine
Platelets
WBC** HBD+DIC

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%



Environment: Phenotype is not related to site of infection

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



Environment: (Bacteria)
• Soon after microbes were 
discovered it was appreciated 
that animals recognize them as 
foreign and mount an 
inflammatory response

• 1892 Richard Pfeiffer noticed 
that bacterial cell wall induced a 
picture of bacterial infection 
without viable bacteria present

• By the 1920-30s it was 
recognized as a contaminant in 
parenteral fluids and drugs

• Hypothesized as a driver of 
inflammation 

1843 – 1910

1858–1945

Infection (and contagion) 
were concepts known in 
ancient times

Microbes were only 
discovered in the 17th century

And the association between 
microbes and infection was 
not known until the 19th

century



Nobel Prize, 2011
Together with 
Jules Hoffman



Low-dose endotoxin administration

D. van Lier et al. / Biochimie 159 (2019) 99e106



J Clin Med. 2022 Jan 26;11(3):619.

Profound Shock
Vasodilatation
AKI
Thrombocytopenia 
Increased PTT
Hepatic dysfunction
No Pulmonary or CNS

Laboratory technician self-
injected 1 mg of Salmonella 
minnesota LPS 

LPS

Complement 
Activation

Cytokine  
Release



Endotoxemia ¹ bacteremia
•Endotoxin in bloodstream does not equate to primary or 

secondary blood stream infections. 

• >70% of patients with sepsis with high endotoxin activity have 
negative blood cultures.1

•Endotoxemia can result from…
• Active infections gram negative bacteria
• Infections with various types of organisms (including COVID-19) that compromise 

gut barrier function (resulting in translocation of endotoxin)2
• Antibiotics can release endotoxin as they kill bacteria3

1Dellinger RP et al. JAMA. 2018;320(14):1455-1463
2Sirivongrangson P et al. Intensive Care Med Exp. 2020;8(1):72.
3Dofferhoff AS et al. Scand. J. Infect. Dis. 1991;23, 745–754.



Mucolytic bacteria à loss of barrier function

Martínez-Oca et al.
J Nutr Biochem, 81: 2020



Endotoxin signaling 

Evolutionary Anthropology. 2021;1–17.

Humans are exquisitely sensitive to endotoxin



Treatment: Endotoxin adsorption



Survival benefit with PMX-hemoperfusion 

Fujimori, et al. Blood Purif. 2021 Feb 12;1-6.

Survival at day 28 was 77.9% with PMX
Vs. 71.1% with SOC (p < 0.0001)
OR 1.433 (95% CI, 1.298–1.584)  
ARR 6.8%



Environment: 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



Effect size vs. Addressable Population

Source 
Population

Therapy responsive
population

Treatment effect



Effect size vs. Addressable Population

Sepsis ESS*

*Endotoxemic Septic Shock



Patient Selection

Lipoteichoic acid

Endotoxin

Flagellin

Peptidoglycan

dsDNA
HMGB1

Enrichment



Enrichment: Measuring Endotoxin
•Endotoxin is difficult to measure in blood

•Endotoxin is carried in the blood by. . . 
• LBP—#lipopolysaccharide binding protein
• HDL— high density lipoproteins 
• Micelles due to its hydrophobic and hydrophilic portions 
• Adheres to albumin and cell walls 
• Very little exists as “free endotoxin”

• Limulus Amebocyte Lysate (LAL)
• Endolymph from a horseshoe crabs agglutinates
when exposed to endotoxin --cannot use for blood

•Endotoxin Activity Assay (EAA)
• Able to quantify endotoxin in whole blood
• FDA approved for sepsis risk assessment in 2003



Endotoxin Activity Assay (EAA)
• EAA is a Chemiluminescent assay based on the oxidative burst reaction of neutrophils in 

combination with a complement coated antibody-antigen (LPS-IgM) complex.

• The antibody is specific for the Lipid A portion of endotoxin (LPS). This portion was 
selected due to the highly conserved nature of the structure allowing for the robust 
response across Gram Negative endotoxins.



J Infect Dis (2004):190, 527–534. 



Endotoxin adsorption 



Overall no effect on survival

JAMA. 2018;320(14):1455-1463
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14 Days 52% HR 0.48, p= 0.0189
28 Days 42% HR 0.585, p = 0.0429
90 Days 41% HR 0.594, p=0.0373

Intensive Care Med. 2018 Dec;44(12):2205-2212



Conclusions
• Sepsis is not a single disease

•A “malignant” subgroup accounts for 15-20% of patient 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

•A genetic predisposition seems likely

•Endotoxin may the missing link in the pathophysiology of this high severity 
subgroup 
• EAA is an FDA-approved test to identify these patients

•Endotoxin removal has been safely practiced in many countries for decades 


