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LINK  Shiga-toxin producing Escherichia coli and hemolytic uremic syndrome

Karmali MA et al, Lancet 1983



Nomenclature
• VTEC Verocytoxin-producing Escherichia coli

• Verocytoxin-1 (VT1), verocytotoxin-2 (VT2)

• STEC Shiga toxin-producing Escherichia coli
• Shiga toxin-1 (Stx1), shiga toxin-2 (Stx2)

• EHEC Enterohemorrhagic Escherichia coli
• STEC causing disease in humans (bloody diarrhea)

• Typical HUS HUS with bloody diarrhea

• STEC-HUS HUS caused by STEC-infection



EPEC Entero-pathogenic E.coli
EHEC Entero-hemorrhagic E.coli
ETEC Entero-toxigenic E.coli
EAEC Entero-aggregative E.coli
EIEC Entero-invasive E.coli
DAEC Diffuse adherent E.coli



Epidemiology of STEC



Q1 : How many STEC-HUS patients have you treated (10y) ? 
A < 5

B < 10

C < 20

D > 20



Broad animal reservoir of STEC 

Beutin L, BfR Forum Verbraucherschutz, 2012

Human to human



85% of STEC infections in humans are food borne



MMWR November 2020;69:6 





Jubelin G et al, Microorganisms 2018

Minimal infective dose
10-100 organisms for humans

STEC is non-invasive



STEC causing HUS 
Serotypes   - Shiga toxin 1 and / or 2

Alconcher LF et al, Pediatr Nephrol 2020

Big 5



The patient with HUS – North Italian HUS Network 

Ardissino G et al, Eur J Pediatr 2016, Vittorio Luini M et al, Pediatr Infect Dis J 2021

Siblings > Mothers > Fathers > Grandparents

10y Follow-up : STEC-HUS 89 cases (median age 4.3y) and aHUS 12 cases (median age 3,7y) 



STEC O104:H4 outbreak in Germany 2011 - adults

Frank C et al, NEJM 2011



STEC infection – STEC-HUS in children

Annual Incidence STEC-HUS children < 5 y varies per country: 10.4/100.000 in Argentina; 1.5-1.8/100.000 in Italy / France / Germany 



Symptoms STEC-HUS patients at presentation
• Previously healthy , age < 5y, seasonal variation, m=f

• Vomiting, nausea
• Diarrhea (watery, often bloody) , however in 10% of STEC-HUS patients NO diarrhea at presentation
• Pale, 
• Jaundice in some
• Fever absent in most cases
• Petechiae , ecchymosis
• Restless, irritable, somnolence, convulsions
• Oliguria, anuria

• …Pancreatic involvement
• …Cardiomyopathy
• ..

schizocytes



Detection of STEC 



Use rectal swab when no stool is immediate available

Freeman S et al, Lancet Gastroenterol Hepatol 2017 

N=1519



Fecal STEC diagnostic algorithm

De Boer R et al, J Clin Microbiol 2015



Additional value of serology antibodies against LPS antigen (ELISA)

Wijnsma K et al,  Pediatric Nephrol, 2016

O157 O157

N=65



Monitor urine when child with bloody diarrhea is STEC positive

Stx2

N=100 Stx+ (10y)
Stx + BD n=63
22 ery+ 15/22 HUS
41 ery- no HUS

Stx+ HUS n=37
37 ery+

Capone V et al, ItalKid-HUS Network, Eur J Pediatr 2021



Case presentation

• 16 month-old boy

• Previously healthy

• Physical examination
• Fluctuating levels of alertness
• Petechiae at lower limbs



Q2: Case
A Most likely STEC-HUS

B Most likely aHUS

C It can be STEC-HUS, it can be aHUS

D Most likely TTP 



Q3: Eculizumab?
A Yes, it is aHUS

B Yes, but further diagnostics needed

C No, it is STEC

D No, Plasma therapy, ECU not available



Thrombotic microangiopathy

Diagnostic assays
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Shiga toxin/STEC 
positive

TTP STEC-HUSaHUS
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Neurological symptoms
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Hb
4.5 mmol/l Anuric

Convulsions



Diagnostics
STEC – HUS

• PCR feces
• Stx 1 gene 
• Stx 2 gene
• Eae gene

• Serology
• O157
• O26

• Molecular serotyping
• O80:H2

Atypical HUS

• Complement 
• C3
• C4

• Autoantibodies against factor H

• Complement DNA analysis



O80 serotype

Stx 2d gene

eae ξ 

plasmid

France 2013-2016 , STEC isolations 153 / 521 HUS
45 / 153 O80 median age 1.1y
46 / 153 O157 median age 4.0y
62 / 153 other median age 1.8y

Ingelbeen et al, Plos One 2018



Farfan & Torres, Infection & Immunity 2011

Pathogenesis STEC -HUS



Villysson A et al, review, Toxins 2017, van de Kar et al, Blood 1991, van Setten et al Kidney Int 1996, Feitz et al, Toxins 2020

BOEC

HUVEC



Stx2 containing blood cell-derived microvesicles in renal cortex of a HUS patient

Stahl A et al, Plos Pathogens 2015, Johannes K et al, Front Cell Infect Microbiol 2020

Shiga toxin and its receptor Gb3 needed for developing STEC-HUS

Stx has more biological effects:
-platelets, monocytes, neutrophils,..
-release cytokines/chemokines
-suppresses thrombomodulin expression
-etc etc etc



Mühlen & Dersch, Front Cell Infect Microbiol 2020

Treatment options



Gianantonio CA et al J Pediatr 1962

Treatment STEC-HUS 



Role for eculizumab in treatment of STEC-HUS? 

Lapeyraque AL et al, NEJM 2011



Is complement system activated in STEC-HUS ??          YES

• Kim Y et al. Breakdown products of C3 and factor B in hemolytic uremic syndrome. J Lab Clin Med: 
1977;89:845-850

• Monnens L et al. The complement system in hemolytic uremic syndrome in childhood. Clin Nephrol
1980;13:168-171

• Thurman  JM et al. Alternative pathway of complement in children with diarrhea-associated hemolytic
uremic syndrome. Clin J Am Soc Nephrol 2009

• Ahlenstiel-Grunow T et al.  Systemic complement activation and complement gene analysis in 
enterohaemorrhagic Escherichia coli-associated pediatric haemolytic uraemic syndrome. Nephrol Dial
Transplant 2016

• Westra D et al. Serological and genetic complement alterations in infection-induced and complement 
mediatied hemolytic uremic syndrome. Pediatr Nephrol 2016



No evidence for use plasmapheresis / 
eculizumab in STEC-HUS , n=491

Kielstein et al , Nephrol Dial Transplant 2012

Best supportive care, plasma exchange, plasma exchange+eculizumab
German Outbreak - STEC-HUS O104:H4 , 2011

Longterm?



Véronique Frémeaux-Bacchi et al. CJASN 2019;14:364-377

©2019 by American Society of Nephrology



Randomized, double blinded, placebo 
controlled trial in UK, Dr S Johnson Randomized, single blinded, placebo-controlled



Only symptomatic treatment

• Timely rehydration intravenously!!
• Renal replacement therapy 
• Blood transfusions 

• No antibiotics!

• Mortality: 1-4%
• 20-30% long term sequelae 

Treatment of STEC-HUS

For every 3 patients treated
with volume-expansion , it is 
possible to prevent 1 dialysis

Bonany P et al, Pediatr Nephrol 2020

Ake J et al Pediatrics 2005, Hickey CA et al, Arch Pediatr Adolesc Med 2011, Ardissino G et al, Pediatrics 2016, Grisaru S et al JAMA Pediatr 2017, 
Bonany P et al Pediatr Nephrol 2020, McKee RS et al, Clin Infect Dis 2020



Outcome for majority of STEC-HUS patients is good

North Italian HUS Network 
N=101 HUS / 10y (2003-2012)
STEC-HUS (dark grey)
aHUS (light grey)

Ardissino GL et al, Eur J Pediatr 2016



Follow up STEC-HUS patients – Austria-Germany cohort

6y FOLLOW-UP
N=274

5y
Ø ≥1: 22% 60/274

Rosales A et al, Clin Infect Dis 2012



Follow up STEC-HUS patients – Austria-Germany cohort

6y FOLLOW-UP
N=274

5y
Ø ≥1: 22% 60/274

Rosales A et al, Clin Infect Dis 2012

Recommendation: Follow-up investigations yearly : Bloodpressure, protein/creatinin ratio



Take home message
• Acute bloody diarrhea: think STEC! 

• Stool and Serology

• Use rectal swab if no immediate stool available (stool 3x)
• If Stx2/Stx1+2 positive: 

• Dipstick urine – if hemoglobinuria – blood examination
• Start rehydration!
• Examination stool of family members!

• In 10% of STEC-HUS no diarrhea as presenting symptom
• Emerging serotypes such as O80

• STEC activates the complement system, but complement is not the main driver of disease
• No evidence for eculizumab as treatment of STEC-HUS 



VTEC2021 a 2,5h online meeting! 
Free registration! 
Registration & Program on www.VTEC.org
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Host Pathogen

Environment

STEC
HUS

Determinants of health and diseases in STEC -HUS

Serotype
Stx,SubAB,CLT
Pathogenecity islands
Plasmids
Esp subtypes, Ehem

Climate
Other pathogens
Reservoir
Food: Neu5Gc

Genetic profile
Innate immunity:
Complement
Coagulation
Cytokine
Development
Mucus



Complement modulation in STEC-HUS patients
• Plasma therapy ‘80-’90
• German outbreak serotype O104:H4 2011

Menne J et al BMJ 2012

67 HUS with ECU
65 HUS matched without ECU 

Longterm?


