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Spectrum of Etiologies in TMA/HUS

Loirat et al. Pediatr Nephrol 2015
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Diagnostic Workup of HUS

Loirat et al. Pediatr Nephrol 2015



Diagnostic Workup of HUS

Loirat et al. Pediatr Nephrol 2015



STEC Disease Course

Ingestion Diarrhea (>95%)

Hemorrhagic Colitis  (30-90%)

HUS (5-15%)

-3 -2 -1 0 1 2 3 4 5 6 7 8 9

Days after Onset of Diarrhea

Wong et al. Clin Infect Dis 2012; 55:33

Prospective study in 259 children with STEC O157:H7

Bloody diarrhea: 90% 

HUS: 14%

Oligoanuric HUS/Dialysis: 4%

Age n        % HUS

0-1 64 12

2-3 73 22

4-6 49 14

7-10 73 7



Stool PCR
64%

Stool culture
56%

Serology (IgM/IgG)
47%

Diagnostic Assessment of STEC-HUS
German-Austrian Registry (n=490)

Rosales A, et al. Clin Infect Dis 2012;54:1413-21



Coppo P, et al. PLoS ONE 2010;5:e10208

Adults:      Autoantibodies against ADAMTS13 
Children:   Autosomal recessive mutations in ADAMTS13 gene

Diagnosis:   ADAMTS13 activity > 5 % of normal 

ADAMTS13 vWF Cleavage Protease Deficiency



Table adapted from Coppo P, et al. PLoS ONE 2010;5:e10208
Zuber J, et al. Nat Rev Nephrol 2012;8:643-57

Patient characteristics
ADAMTS13

deficiency group 
(n=160) 

ADAMTS13
detectable group 

(n=54) 
P value

Platelet count, ×109/L 17.4 (14.2) 66.6 (49.3) <0.0001

Serum creatinine, µmol/L 

mg/dL

114 (68.4)

1.29 (0.77)

454 (326)

5.13 (3.68)

<0.0001

Patient characteristics
Adjusted

odds ratio
95% CI P value

Platelet count ≤30×109/L 23.4 3.4–24.2 <0.001

Serum creatinine ≤200 µmol/L
(2.26 mg/dL) 

9.1 8.8–62.5 <0.001

Platelet count >30,000 mm3 or serum creatinine >150–200 µmol/L 
almost eliminates a diagnosis of severe ADAMTS13 deficiency (TTP)



Loss of Endogenous Inhibitors Leads to 
Uncontrolled Complement Activation

Cell Destruction

Inflammation

Thrombosis

ConsequencesConsequences
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▪ Potent Anaphylatoxin

▪ Chemotaxis

▪ Proinflammatory

▪ Leukocyte Activation

▪ Endothelial Activation

▪ Prothrombotic

C5b-9 
Membrane Attack Complex

▪ Cell Lysis

▪ Proinflammatory

▪ Platelet Activation

▪ Leukocyte Activation

▪ Endothelial Activation

▪ Prothrombotic

Amplification

Natural 

Inhibitors
–

Immune Complex Clearance

Microbial Opsonization

Anaphylaxis

Inflammation

Thrombosis

C3 + H2O - ALWAYS ACTIVE

Lectin Pathway Alternative PathwayClassical Pathway



Complement Dysregulation in aHUS

Noris and Remuzzi, New Engl J Med 2009; 361:1676-87

50-60 % explained by mutations in CFH, CFI, MCP, C3, CFB, TMBD

-> autosomal dominant transmission with incomplete penetrance

15-25% explained by factor H autoantibodies



Most Common Causes of aHUS
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Age at Onset by Complement Disorder

Mutation Median Age

at Onset 

(Years)

MCP 7.2

C3 7.7

Anti-CFH

abs

8.4

CFH 18.5

CFI 34.3

0

10

20

30

40

50

60

70

80

90

100

C
u
m

u
la

ti
v
e

 P
ro

p
o

rt
io

n
 (

%
)

0 10 20 30 40 50 60 70

Age at Onset (Years)

Anti-CFH ab (n=60)

C3 (n=15)

CFH (n=76)

CFI (n=16)

MCP (n=31)

Schaefer et al. Kidney Int 2018



Extrarenal Manifestations of aHUS
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Schaefer et al. Kidney Int 2018



Better Renal Outcome in Pediatric Onset aHUS
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Renal Survival by Causative Anomaly

Schaefer et al. Kidney Int 2018



DGKE Nephropathy: 
Complement-Unrelated Form of aHUS

Lemaire M, et al. Nature Genetics 2013;45:531-6



DGKE Nephropathy: 
Complement-Unrelated Form of aHUS

• Autosomal recessive disease

• HUS typically accompanied by heavy proteinuria 

• Sometimes MPGN without TMA 

• 1st manifestation in first 3-4 years of life

• Slowly progressive proteinuric nephropathy, 
80% 10-year ESKD-free survival

• HUS remits without specific treatment 

• Recurrences on complement inhibition observed

• No post-transplant recurrence  

Azukaitis et al. JASN 2018



19 cases identified in ESCAPE Network:

▪ Age at onset: 7 days to 14 years (median 0.9 y)

▪ Phenotype: 10 isolated aHUS, 9 associated pulmonary hypertension

▪ Plasma homocysteine: 145 (53-207) uM (nl <12)

▪ Diagnosis: n=4 post mortem, n=3 6-19 y after 1st manifestation !

▪ Treatment: 14/19 Vit B12, folate supplementation 
1/19 Eculizumab, ineffective

▪ Outcome: 7 dead (5 without substitution therapy)
4 CKD2-5, 2 post-transplant
6 normal kidney function (all diagnosed and treated early)
7/12 survivors with cognitive deficits

‘Metabolic’ aHUS: 
Cobalamin C Deficiency



NGS Screening 
for CFH, CFI, CFB, C3, MCP, TM, DGKE recommended in: 

▪ First aHUS episodes after ruling out STEC infection, 
ADAMTS13 deficiency, CbC deficiency and CFH antibodies

▪ HUS relapse
Family history of non synchronous HUS
Pregnancy/post-partum HUS
de novo post-transplant HUS

▪ STEC-negative cases with ESRD as part of pre-transplant workup

Indications for Genetic Screening

Loirat et al. PN 2015



▪ Establishing prognosis (risk of relapses, CKD progression)

▪ Genetic counselling to parents and family

▪ Decisions concerning kidney transplantation: 
- choice of donor 
- planning of post-transplant management
- decision of combined kidney-liver transplantation

▪ Assessment of risks of treatment discontinuation  

Relevance of Genetic Screening

Loirat et al. PN 2015



Potential Therapeutic Strategies for STEC HUS

Antibiotics?



Wong et al. Clin Infect Dis 2012; 55: 33

Antibiotic Use Increases HUS Risk 
in Children with STEC 0157:H7 Infections



Nitschke et al. JAMA 2012; 307:1046

Azithromycin Efficiently Eradicates STEC 0104:H4



Potential Therapeutic Strategies for STEC HUS

Plasma Exchange ?



Case-Control Analysis of Applied Therapies 
in 298 Adult Patients with HUS due to STEC 0104:H4

No clear benefit 
from plasmapheresis 

Menne et al. BMJ 2012;345:e4565



Potential Therapeutic Strategies for STEC HUS

Prevention?



Potential Therapeutic Strategies for STEC HUS



INM-004 v. Placebo

Rep.:Tarr, PI, Gordon, CA, Chandler, WL. Shiga-toxin-producing Escherichia coliand haemolytic uraemic syndrome. Lancet 2005; 365:1073. Copyright ©2005 Elsevier.

STEC 

Diagnosis

Diagnosis of BD

Potential Therapeutic Strategies for STEC HUS



• Plasma Therapy 

Plasma infusions (-30 ml/kg)

Plasma exchange (150% of plasma volume q. 2d)    

- Substitution of lacking or dysfunctional proteins

- Removal of autoantibodies or activating factors

Maintenance therapy required

• Immunosuppression 

Anti B-lymphocyte therapy for autoantibody-mediated disease

• Combined liver-kidney transplantation

• Monoclonal anti-complement antibody Eculizumab

Therapeutic Options in Atypical HUS
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Eculizumab

▪ Proximal functions of 

complement remain intact

– Weak anaphylatoxin

– Immune complex clearance

– Microbial opsonization

▪ Terminal complement - C5a 

and C5b-9 activity blocked

▪ Eculizumab binds with high 

affinity to C5

Complement Cascade

C5b-9C5b

C3 C3a

C3b

Eculizumab Blocks Terminal Complement



Eculizumab Multinational, Multicenter
Clinical Program in aHUS

Clinical Diagnosis of aHUS with

• TMA (measured by platelet count, hemolysis)

• Organ damage (serum creatinine ≥ULN)

• ADAMTS13 >5%; no positive STEC test

• No requirement for identified genetic mutation

Prospective

Long-Term Extension Studies

32 of 37 patients (86%) continued chronic 

eculizumab treatment in extension studies 

Acute, progressing TMA 

Study C08-002 (N=17)

Adult/adolescent

Long-standing aHUS

Study C08-003 (N=20)

Adult/adolescent

(26 weeks)



Hematological Normalization

Licht et al. Kidney Int 2015

Change in Hemoglobin Change in Platelets



Improvement of eGFR

Licht et al. Kidney Int 2015

‚Acute‘ HUS Trial

‚Chronic‘ HUS Trial



Earlier Treatment With Eculizumab Leads to
Greater Improvement in Renal Function

Earlier intervention with eculizumab:

increased likelihood of improved 

eGFR through week 26 (p = 0.03)



Figure 1. Point Estimate (95% CI) Changes from Baseline to Week 52 in (e) 

Health-Related Quality of Life (EQ-5D score)

Improved Quality of Life

‚Acute‘ HUS Trial

‚Chronic‘ HUS Trial



Prevention of Meningococcal Infections
on Eculizumab Therapy



▪ Indian experience: 138 children (56% of all HUS!)

▪ Homozygous CFHR1 gene deletion in 60/68

▪ Therapy: 119 dialysis, 105 PE, 26 IVIG, 
87 induction immunosuppression (pred ± iv CPH or rituximab) 

▪ Adverse outcome (CKD 4-5 or death): 41/122 by last follow up

▪ Risk factors:  Anti-CFH >8000 AU/ml, low C3, delayed PE

▪ Maintenance IS (oral pred + MMF/AZA) reduced relapse risk

CFH Autoantibody Associated aHUS

Sinha et al. KI 2014



Poor Long-Term Renal Prognosis 
in CFH Auto-Antibody Mediated aHUS

Time from initial aHUS manifestation (years)
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International Consensus Paper 2015: 
Initial Therapy of aHUS in Children



Eculizumab Treatment Discontinuation

• Ecu discontinued 
in 10 of 22 aHUS patients

• “Watchful waiting” policy: 
Thrice weekly home 
dipstick monitoring

• 3 out of 10 patients 
experienced TMA episodes 
within 3-6 weeks after 
discontinuation

Milano Experience

Ardissino et al. AJKD 2014



Eculizumab Treatment Discontinuation

• 5 out of 18 patients experienced TMA episodes 
following a missed dose 

• 1 patient rapidly deteriorated to ESRD

• Eculizumab was reinitiated in 4 of 5 patients

Clinical Trial Results:



Conditions Justifying Discontinuation (or Withholding) 
of Eculizumab

• CbC Deficiency 

• DGKE mutation

• MCP mutation

• CFH auto-antibody mediated disease with low autoantibody titres 
on immunosuppressive treatment 

• Absence of genetic abnormalities in gene panel screening (?)



Potential Therapeutic Strategies for STEC HUS

Complement Inhibition ?



A Case of Complicated STEC HUS

4yo girl, D+ HUS, STX2 positive

Anuric renal failure

Signs of complement activation 
PE with each HD session

Progressive neurological symptoms:
Focal seizures -> hemiplegia ->  coma

HD & PE



• Eculizumab infused

• Improved vigilance, motor 

responses within few hours 

after infusion

• Urine output starting 

within 24h

• Dialysis stopped after 3d 

• Fully regained speech, 

motor control within 7d

• Discharged after 9 days 

with completely normalized 

neurological status, 

normal GFR

• Complement status 

normalized

• No gene abnormalities 

found

Lapeyraque et al. NEJM 2011



Therapeutic Complement Inhibition beyond Eculizumab



Therapeutic Complement Inhibition beyond Eculizumab



Therapeutic Complement Inhibition beyond Eculizumab



Therapeutic Complement Inhibition beyond Eculizumab

Novartis LFG316 C5 antibody Phase 2 - PNH

Regeneron REGN3918 C5 antibody Phase 2 - PNH

Roche Crovalimab C5 antibody, long-acting Phase 1/2 - PNH

Ra Pharma Zilocuplan C5 inhibitor, cyclic peptide Phase 2 – PNH, MG

ChemoCentryx Avacopan C5a receptor blocker, oral Phase 2 – aHUS, C3G, IgAN

Akari Coversin C5 / TLP4 inhibitor, s.c. Phase 2 – PNH, aHUS

Alnylam Cemdisiran C5 RNAi,  3-monthly s.c. Phase 2 aHUS, IgAN

Apellis APL-2 C3 inhibitor, daily s.c. Phase 2/3 – Glomerulopathies/PNH

Amyndas AMY-101 C3 inhibitor, daily s.c. PNH, C3G

Achillion Danicopan Factor D inhibitor, oral Phase 1 - PNH, C3G

Omeros Narsoplimab MASP-2 antibody Phase 3 - TMAs, IgAN


