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microangiopathic hemolytic anemia 
thrombocytopenia 
acute nephropathy 

∼90% 
Shiga toxin-producing 

E.Coli 

∼3% Streptococcus Pneumoniae 

∼6% complement disorders 

∼1% other 

Hemolytic Uremic Syndrome (HUS) 



HUS: incidence (cases / 100,000 x year) 
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Italian Registry of Hemolytic Uremic Syndrome 

casi SEU per classi d'età

0

50

100

150

0..
1

1..
2

2..
3

3..
4

4..
5

5..
6

6..
7

7..
8

8..
9

9..
10

9..
10

10
..1

1
11

..1
2
12

..1
3

13
..1

4
15

..1
6

classe età (anni)

n.
 c

as
i t

ot
al

i

N=481 

53:47 M:F  

Median age : 23 months 

< 5 years = 80% of cases 

< 2 years = 41% of cases 
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Model of transmission of E. Coli O157:H7 from cattle to humans 

Gansheroff, and O'Brien, Proc Natl Acad Sci USA, 2000 



Tarr P, Lancet 2005 

(∼50%) 

E. coli O157:H7 Infection: time course 

Often no longer  
diarrhea; obtain a  
rectal swab… 

Often antibiotics 
Culture can be negative… 



Brooks JT et al, Clin Infect Dis, 2004;  Tarr PI et al, NEJM,1996   

Shiga toxins 

 ST1: identical to toxin of Shigella 

 ST2: 56% homology; 30X more potent 

 E.coli O157:H7 ~100% ST2; 25-80%ST1 

 Non O157 STEC  
 O111:H8 (Colitis) 
 O26:H11 
 O103:H2 (UTI) 
 O103:H3 
 other 

 Single A subunit, 5 B subunits 



Moaken, Engl J Med, 2002 

Shiga toxins 



Lingwood CA, 2000 

Pediatric Adult 

Gb3 expression in human kidneys 



STEC-HUS 



Renal pathology: acute 



Microangiopathic hemolysis 

 Poor correlation with the degree of ARF 

 High LDH 

 



 
 

 

Siegler, RL. J.Peds, 1994 

 Colitis, perforation (2%) 

 Prolapse (10%) 

 Pancreatitis (20%) 

 Diabetes mellitus (8%) 

 Elevated LFT’s (40%) 

 

Gastrointestinal involvement 



Siegler RL, J Peds, 1994;  Cimolai N, Pediatrics 1992 

CNS involvement 

 Symptoms 
Seizures 
Coma 
Stroke 
Cortical Blindness  

 Etiology 
metabolic (high BUN, low Na+, low Ca++) 
HTN 
TMA     



CNS involvement 

JAMA 290:1360-1370, 2003 



Reference N Oliguria CNS age ↑ WBC D - 

Trompeter et al 1983 72 older + 
Loirat et al 1984 67 > 8 d > 3 y - 
Walters et al 1989 79 + 
Coad et al 1991 74 + 
Siegler et al 1991-96 118 >15 d < 2 y + ± 
Lopez et al 1992 509 - + 
Robson et al 1993 71 > 10 d 

Kelles et al 1994 95 no + no - 
Tönshoff et al 1994 89 > 14 d + no - + 
Renaud et al 1995 42 + 
Spizziri et al 1997 312 > 7 d no - 
Huseman et al 1999 149 > 7 d - 
Gianviti et al 2003 387 - no - + 

Reported risk factors for poor outcome 



 Fluid resuscitate if dehydrated 

 Avoid volume overload 

 Treat hypertension 

 Transfuse if Hb < 6-7 or earlier if symptomatic 

 Avoid platelet transfusions 

 Dialysis as needed 

 Plasmapheresis ???  

 Nutrition  (TPN) 

 

Supportive management of STEC-HUS 



  Italian Surveillance Study 1988-2002 



 Other pathogens 
S. Pneumoniae 
HIV, Q fever, CMV, Staphylococcus, Hantavirus 

 Drugs 
cyclosporine, tacrolimus 
bleomycin, cisplatin,  mitomycin 

 Underlying genetic defects 
complement factors deficiency 
cobalamin-C defect (methylmalonic aciduria and homocystinuria) 

Atypical HUS 



 Nearly always invasive disease 
  ± 60% empyema 
  ± 30% meningitis 

 Overall mortality: 13% (30% if meningitis) 

 Acute phase more severe than D+HUS 
  more dialysis (84%) 
  more transfusions (98%) 

 Long term renal sequelae similar to D+HUS 
  protU and/or CRF 20-25% 

Novak 1983, Martinot 1889, Mc Graw 1989, Eber 1993, Pan 1995, Sajjannar 1996, 
Mizuwa 1996, Cabrera 1998, Nathanson 2001, Brandt 2002, Waters 2007, Waters 2007 

Streptococcus Pneumoniae-associated HUS 



Zipfel and Skerka, Nat Rev Immunol 2009 

A simplified view of the complement system 



Membrane Attack Complex (MAC) 



Leslie M., Science  2012 

 Erroneous activation or insufficient regulation of the complement 
cascade may lead to an attack by the immune system against  
self-tissue.  

 Many autoimmune, inflammatory and ischemia/reperfusion  
injury-related diseases are connected with complement.  

 Some of pathological conditions are localized to specific tissues,  
but many are systemic.  

The area of complement…. 



Endothelial cells with functional complement regulation 

Chiang and Inagi, Nat Rev Nephrol, 2010 



The AP can be activated on cell surfaces or in the fluid-phase 

C-terminal region 
surface binding 

(glycosaminoglycans/heparins) 

Rodríguez de Córdoba S et al., Biochem Biophys Acta, 2011 



CFH domain mutations in aHUS and DDD 

C-terminal region 
surface binding 
(glycosaminoglycans/heparins) 

Rodríguez de Córdoba S et al., Biochem Biophys Acta, 2011 



Thrombotic microangiopathy 



• Loss of function mutations: 
- Factor H (CFH) 
- Factor I (CFI) 
- Membrane cofactor protein (MCP; CD46) 
- Thrombomodulin (THBD; CD141) 
 

• Gain of function mutations: 
- Factor B (CFB) 
- C3 
 

• Autoantibodies: 
- CFH autoantibodies ± CFHR3-CFHR1 deletion (DEAP-HUS) 

Courtesy of Christoph Licth 

aHUS related complement mutations 



Noris and Remuzzi, N Engl J Med 2009 

Gene Frequency Response to 
plasma therapy 

[Remission] 

Long-term outcome 
 

[Death or ESKD] 

Outcome after 
kidney transplantation 

[Recurrence] 

CFH 20-30% 60% 70-80% 80-90% 

CFH Abs 6(-10)% 70-80% (PE + IS) 30-40% ESKD 20% 

MCP 10-15% Not indicated <20% 15-20% 

CFI 4-10% 30-40% 60-70% 70-80% 

CFB 1-2% 30% 70% Recurrence in 1 case 

C3 5-10% 40-50% 60% 40-50% 

THBD 5% 60% 60% Recurrence in 1 case 

Genotype – phenotype correlation 



Sellier-Leclerc J Am Soc Nephrol 2007 

C3 levels by mutation 



Esparza-Gordillo et al, Hum Mol Genet 2005 

Risk aplotypes in aHUS 



Lemaire et al, Nature Genetics 2013 

DGKE (diacylglycerol kinase ε) mutations 



Lemaire et al, Nature Genetics 2013 

DGKE (diacylglycerol kinase ε) mutations 



Lemaire et al, Nature Genetics 2013 

 DGKE is expressed in endothelium, platelets and podocytes  

 DGKE inactivates arachidonic acid signaling through diacylglycerols 
(DAG) (activates thrombosis) 

 First gene implicated in aHUS that is not an integral component of the 
complement cascade 

 Symptoms: hypertension, microhematuria and proteinuria and unique 
finding of nephrotic syndrome  

 Relapse of aHUS in subjects while receiving anti-C5 

 Renal transplantation could be efficacious and safe 

DGKE (diacylglycerol kinase ε) mutations 



Ariceta et al, Ped Neprol 2009 

Plasmapheresis for aHUS 



Liver-kidney transplantation 



Rother et al. Nature Biotechnology 2007 

Eculizumab for paroxysmal nocturnal hemoglobinuria 



Eculizumab for aHUS 



Prophylactic anti-C5 therapy 

Zuber et al, Am J Transplant, 2012 



Zuber et al, Am J Transplant, 2012 

Early initiation of anti-C5 therapy is associated with better 
recovery of renal function. 

Anti-C5 therapy for post transplant recurrence 



Zuber et al, Am J Transplant, 2012 

Early initiation of anti-C5 therapy is associated with better 
recovery of renal function. 

Anti-C5 therapy for post transplant recurrence 



What we have learned in the past years 

 Posttransplant aHUS recurrence is a strong predictor of early graft 
failure 

 Anti-C5 efficiently prevents aHUS posttransplant recurrences 

 Prophylactic plasma therapy may fail to prevent aHUS recurrences  

 Prophylactic plasma therapy may mask subclinical, yet progressive, 
aHUS recurrences 

 With the advent of anti-C5 therapy, combined kidney-liver 
transplantation is no longer a first line treatment for aHUS 
 



High risk of recurrence 

Zuber et al, Am J Transplant, 2012 

 recurrence in a previous graft 
mutations associated with a risk of recurrence > 80% 
(CFH, CFH-CFHR1 hybrid gene, gain of function mutations in C3, CFB) 

 prophylactic therapy (1 additional dose on day 1 post-tx) 



Low risk of recurrence 

Zuber et al, Am J Transplant, 2012 

 mutations in MCP and anti-CFH antibodies 

 treatment if recurrence 



Moderate risk of recurrence 

Zuber et al, Am J Transplant, 2012 

 All other patients 

 prophylactic therapy (1 additional dose on day 1 post-tx) 

 attempt to discontinue treatment 1 year after transplantation 



If post-transplant recurrence… 

Zuber et al, Am J Transplant, 2012 

 Prompt initiation of anti-C5 treatment 

 Same treatment for full-blown and incomplete aHUS recurrence 

 No discontinuation of anti-C5 treatment 



 Two patients with a clinical history of STEC-HUS that lost their graft for HUS 
recurrence 

 Heterozygous CFI mutation in patient #1 
Heterozygous MCP mutation in patient #2 , and in her mother who donated 
the kidney  

 aHUS triggered by STEC infection on a genetic background of impaired 
complement regulation  

 Complement gene sequencing should be performed before kidney 
transplantation in patients who developed ESRD following STEC-HUS 

 Genetic analysis of donors is mandatory before living-related 
transplantation to exclude carriers of HUS-predisposing mutations 

Alberti et al, Am J Transplant 2013 

aHUS in patients with STEC infections 
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