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Haemolytic uraemic syndrome

Syndrome comprising

acute renal failure of varying severity
microangiopathic anaemia
thrombocytopenia of varying severity

Multiple aetiologies





Level 1: aetiology advanced

1.i Infection induced

(a) Shiga and shiga-like toxin-producing bacteria;

enterohaemorrhagic Escherichia coli, Shigella

dysenteriae type 1, Citrobacter freundii

(b) Streptococcus pneumoniae, neuraminidase and

T-antigen exposure

1.ii Disorders of complement regulation

(a) Genetic disorders of complement regulation

(b) Acquired disorders of complement regulation, e.g.

anti-factor H antibody

1.iii von Willebrand proteinase, ADAMTS13, 

deficiency

(a) Genetic disorders of ADAMTS13

(b) Acquired ADAMTS13 deficiency; autoimmune,

drug induced

1.iv Defective cobalamin metabolism

1.v Quinine induced

Level 2: aetiology unknown

2.i Human immunodeficiency virus (HIV)

2.ii Malignancy, cancer chemotherapy and ionising 

radiation

2.iii Calcineurin inhibitors and transplantation

2.iv Pregnancy, HELLP syndrome and oral 

contraceptive pill

2.v Systemic lupus erythematosus and antiphospholipid

antibody syndrome

2 vi Glomerulopathy

2.vii Familial, not included in part 1

2.viii Unclassified

Atypical/

non-diarrhoeal/

D- HUS

Typical/diarrhoeal/

D+ HUS



What is Post-Diarrheal  Hemolytic Uremic 
Syndrome (D+HUS) and where did it come from ?

 The syndrome includes:
 Acute kidney failure

 Hemolytic anemia

 Thrombocytopenia (low platelet count)

 Most common cause of acute renal (kidney) 
failure in young children; also occurs in older 
children and adults



E. coli O157 

Emergence 

First clinical isolation, 

“Rare E. coli serotype”

Description of Shiga 

toxin: O’Brien, others

Association of 

STEC with HUS, 
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states outbreak, 500 

cases and 4 deaths

1982

1993

Karmali et al.

1985. J.Infect.Dis.

O’Brien and Holmes.       

1987. Microbiol.Rev.

O’Brien and LaVeck.        

1983. Infect.Immun.

Riley et al.

1983. NEJM

CDC-

MMWR. 

1993.



Northern German outbreak May-July 2011

 Source: bean sprout farm in Lower Saxony

 Sprouted from batch of seeds from Egypt

 3793 cases of diarrhoea – O104:H4

 Delay in symptoms, ingestion → diarrhoea 8 days

 827 (22%) developed HUS, 88% in adults

 53 deaths

 2010 European data

 4000 STEC cases reported, 5.5% developed HUS

 O157 (41%), 026 (7%), O103 (2.5%)





2004 FoodNet Catchment Area

Catchment population 44.1 million persons

15.2% of U.S. population



Annual STEC cases in the UK

Emerging Infectious Diseases  2005; 11: 590-6



Primary habitat:
large intestine, recto-anal 
junction?
• warm, constant
• nutrient rich
• vigorous growth

Secondary habitat: 
water, soil, sediment
• cool, fluctuating
• nutrient limiting
• survival

Excretion   

Re-colonization

Environment  Death

Two habitat model



Direct contact transmission



Indirect contact (environmental) 
transmission



Pathogenic Cascade;
from diarrhea to dialysis

 Chain of events:

 ingestion of Stx producing E. coli

 multiplication in bowel

 absorption of Stx into circulation



pathogenic cascade, cont.

 Chain of events, cont.:
 attachment of Stx to receptors in kidney, and 

occasionally other organs

 movement of toxin into cells

 cell injury or death



D+ HUS and EHEC

 Enterohemorrhagic Escherichia coli (EHEC) 
serotype O157:H7, EHEC colonise cattle

 Transmission – contaminated meat, milk, 
water, fruit, vegetables

 Exposure to EHEC → diarrhoea in ≈ 10% 
children

 HUS develops in ≈ 15% of children with EHEC 
diarrhoea

 O157:H7 predominant serotype in the UK
 O26:H11, O103:H2, O111:NM, O121:H19, 

O145:NM



Diagnosis

• Diarrhoea (often bloody)
• Haematological – microangiopathic 
haemolytic

- anaemia
- thrombocytopenia

Fragmented red 
cells

Absence of 
platelets



➢Fibrin thrombi

➢Endothelial cell 
swelling

➢Red cell 
fragmentation 



Acute Kidney Injury















Pregnancy associated
 8-18%

 Pregnancy associated TMA may be related to ADAMTS13
deficiency, complement dysregulation or unknown mechanisms.
ADAMTS13-deficiency-related TMA occurs mainly during the
second and third trimester of pregnancy.

 HELLP syndrome is considered a TMA-like disorder based on
several similarities between HELLP and HUS/TTP. Interestingly,
some forms of HELLP syndrome share a common genetic risk
factor of complement dysregulation with aHUS

 The question of whether HELLP syndrome is a TMA is relevant
because if the link between HELLP syndrome and complement
dysregulation is confirmed, complement inhibition may represent

a treatment for severe HELLP syndrome.



Pregnancy associated
 TMA may also occur in the post-partum period.

 It is associated with alternative C3 convertase dysregulation.

 In a recent review of 21 cases of pregnancy-related

aHUS from the French aHUS registry, 80% of patients

had abnormal complement dysregulation.

Fakhouri F, Roumenina L, Provot F, Sallée M, Caillard S, Couzi L, Essig M, Ribes D, Dragon-Durey MA,

Bridoux F, Rondeau E, Frémeaux-Bacchi V. Pregnancy-associated hemolytic uremic syndrome revisited in the era

of complement gene mutations. J Am Soc Nephrol 2010; 21: 859-867
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 Impaired surface regulation

REGULATION 

Atypical Haemolytic uraemic syndrome

ACTIVATION 

Loss of function

FACTOR H
FACTOR I

CD46

Gain of function

C3
FACTOR B

plasma regulation

surface recognition







Thrombotic thrombocytopenic purpura

 TTP is an uncommon thrombotic microangiopathy that
is primarily observed in adults, often with central-
nervous system involvement, a high relapse rate and
with a mortality rate of 15%-20% also in patients
treated by plasma exchange.

 Due to its potentially similar clinical presentation,a
differential diagnosis of HUS D+ and aHUS should be
considered.

 TTP is associated with acquired (or less commonly
genetic) ADAMTS13 deficiency.



Pathophysiology

 ADAMTS13 is a disintegrin and metalloprotease that
cleaves vWF.

 vWF is central in hemostasis, because it induces
platelets aggregation and thrombus formation on the
damaged endothelium.

 ADAMTS13 then degrades vWF into progressively
smaller circulating products.

 The deficit is more commonly acquired and caused by
anti-ADAMTS13 antibodies. Severe ADAMTS13
deficiency is required to cause TTP and is variably
defined as < 5% or < 10% of normal protease activity.





Management
 Conservative

 Monitor fluid balance, sodium, potassium, H+,BP

 Furosemide may be useful early

 Sodium, protein restriction; high calorie intake

 Transfuse with caution

 Avoid antibiotics/anti-motility agents/NSAID

 Transfer to regional centre
 Oliguria +

 Fluid overload, need for transfusion, high K

 Anuria

 Complications of D+ HUS



Prognosis and follow-up

 BCH (n=250) 56% required acute dialysis

 Prognostic markers
 Neutrophils >20 at presentation

 Dialysis > 2weeks

 Mortality
 5% (BPSU 1985-88)

 1.8% (BPSU 1997-2001)

 Long term: HBP, reduced GFR, proteinuria
 Variable in studies, probably 20-30% 

 BCH n=201 19% poor outcome at 5,10,οr 15 yrs



J Pediatr 1991; 118:191-4

Poor outcome

Good outcome

Proteinuria at 1 year and outcome



 Follow-up
 Frequently until Hb and creatinine normal

 BP, PCr and EMU protein at 1 year after illness

 BP, EMU protein, formal GFR, renal USS at 5 years 
and every 5 years until post pubertal

 BP, EMU protein by GP at intervals once 
discharged

 Lifestyle advice
 Avoid overweight, high sodium intake

 Avoid smoking

 Girls need renal function/proteinuria monitoring 
during pregnancy



Recommedations

 Immunosuppresion: steroids-rituximab

 Renal transplantation:
relapse

living donor

plasma therapy 

Combined liver-kidney transplantation     should be    undertaken 
in patients with aHUS due to CFH or CFI mutation. 

Plasma therapy before and during surgery  may improve 
outcomes.









Atypical haemolytic uraemic syndrome - therapy 

 C5 inhibition successful in case reports – examples: 
 Eculizumab for aHUS – N. Engl. J. Med. 2009 360:5 pp542-543
 Eculizumab for congenital aHUS – N. Engl. J. Med. 2009 360:5 pp544-6

 Open Label Controlled Trial of Eculizumab in Adult Patients With 
Plasma Therapy-sensitive / -resistant Atypical Hemolytic Uremic 
Syndrome (aHUS)
 Successful outcomes announced in ASN 2010 meeting

 http://clinicaltrials.gov/ct2/results?term=eculizumab

http://clinicaltrials.gov/ct2/results?term=eculizumab


New therapies

 Several complement inhibitors are in phase-Ⅰ or phase-Ⅱtrials.
Several of these drugs attack C5, but, in contrast to

eculizumab, they are small molecules that are less immunogenic

and have a potential for oral absorption.

 Some new compounds have C3 as a target. Such compounds

could be more effective, but they may also be less safe,

having the potential to cause more infections and autoimmune

disease.

 A further possibility is the replacement of endogenous
complement regulators with plasma-purified or recombinant
CFH.



Calcineurin inhibitors and transplantation



Take Home Message



Pregnancy associated

 8-18%

 Pregnancy associated TMA may be related to ADAMTS13

deficiency, complement dysregulation or unknown mechanisms.

ADAMTS13-deficiency-related TMA occurs mainly during the

second and third trimester of pregnancy.

 HELLP syndrome is considered a TMA-like disorder based on

several similarities between HELLP and HUS/TTP. Interestingly,

some forms of HELLP syndrome share a common genetic risk factor

of complement dysregulation with aHUS

 The question of whether HELLP syndrome is a TMA is relevant

because if the link between HELLP syndrome and complement

dysregulation is confirmed, complement inhibition may represent

a treatment for severe HELLP syndrome.



Pregnancy associated

 TMA may also occur in the post-partum period.

 It is associated with alternative C3 convertase dysregulation.

 In a recent review of 21 cases of pregnancy-related

aHUS from the French aHUS registry, 80% of patients

had abnormal complement dysregulation.

Fakhouri F, Roumenina L, Provot F, Sallée M, Caillard S, Couzi L, Essig M, Ribes D, Dragon-Durey MA,

Bridoux F, Rondeau E, Frémeaux-Bacchi V. Pregnancy-associated hemolytic uremic syndrome revisited in the era

of complement gene mutations. J Am Soc Nephrol 2010; 21: 859-867



How did these otherwise harmless E. coli become 

such killers?

 DNA from a Stx producing bacterium  (Shigella 

dysenteriae type 1) transferred by bacteriophage 

to E. coli

 This provided E. coli with genes to produce 

Shiga toxin (Stx), one of the most potent toxins 

known to man 



Complement and tissue injury

Pathologies in which 
complement is activated



Disorders of complement 

Activation protein 

deficiency

‘too little’ complement

Tell us what might 

happen if we 

therapeutically inhibit 

complement

Regulatory protein 

deficiency

‘too much’ 

complement’

Provide diseases in 

which complement 

inhibiting therapies 

ought to be effective



C3

Factor B

Factor D

C3b C3b C3b

FOREIGN SURFACE

Complement function

lectin pathway

C3bBb

alternative  pathway

C5 activation

C4b2a

‘safe’ disposal of immune 
complexes and apoptotic cells

classical pathway

C3b

opsonization
leucocyte activation

augment antibody
response

anaphylatoxin

C5a

Membrane damage
Cell lysis

MAC C3b



C3b

C3

iC3b C3b

Complement regulation

lectin pathway

C4b2a

classical pathway

C3bBb

alternative  pathway

C1 inhibitor

C4bp C1 inhibitor Factor H

Factor I

iC3b
CR1CD46CD59

MAC

Factor I
Factor H

DAF
(CD55)

DAF – decay-accelerating factor



Murine model of factor H-associated atypical 

haemolytic uraemic syndrome

 Gene-targeted factor H-deficient mice transgenically expressing a mutant 

mouse factor H protein (FH16-20)

Cfh-/-FH16-20Cfh-/-
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The factor H family

Deletion homozygotes: African American 16%

Hageman et al, Ann. Medicine 2006 European Americans 4.7%


