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Atypical Haemolytic

Uraemic

Syndrome(aHUS)

• Rare disease: 2-9 people/million

• Complement mediated

• TMA

• Untreated, it leads to ESRD in up to 2 /3 
affected shortly after onset or following 
relapses 

• Very high recurrence after Tx

Atypical HUS Facts: 2024 www.atypicalHUSallianceaction.org

Shafer S, et al, Kidney Int: 94(2), 2018



Diseases of Dysregulated Complement Activation



Regulated and deregulated activation of the alternative complement pathway

Zuber, J. et al. (2010) New insights into postrenal transplant hemolytic uremic syndrome
Nat. Rev. Nephrol. doi:10.1038/nrneph.2010.155



Thrombotic Microangiopathy: (TMA)

Thrombocytopenia

Microangiopathic Haemolytic Anaemia (MAHA)





Triad of Clinical Presentation

Thrombocytopenia
Microangiopathic Haemolytic Anaemia





a

Autoantibodies

Lemaire et al., CJASN 16: 942–956, 2021

Deletions
FHR1
FHR3



Kidney International 106, 326–336, 2024



Interrelation between genetics and environmental factors 

Zuber, J. et al. (2010) New insights into postrenal transplant hemolytic uremic syndrome
Nat. Rev. Nephrol. doi:10.1038/nrneph.2010.155

Self-perpetuating,

progressive TMA

Transient 

activation of 

complement

Transient self 

limiting TMA

Direct endothelial 

damage

Incomplete 
penetrance

• Additional 
genetic mutation

• Environmental 
triggering factor

Trigger aHUS



Complement tests• Levels of complement factors
C3 (660–1,250 mg/l; nephelometry), C4, CH50

CFH (338–682 mg/l; ELISA)

CFI (42–78 mg/l; ELISA)

CFB (90–320 mg/l; nephelometry)

• MCP expression on peripheral blood leukocytes

• Autoantibody Screening

• Genotyping

• Rule out TTP (ADAMTS13 activity)
• Rule out infection & other secondary causes: PCR for Shigatoxin in the stools, Plasma 

homocystein, Tests for anti-dsDNA, anti-ENA, anti-β2 GPI, anticardiolipin antibodies, lupus anticoagulant, test for 
monoclonal gammopathy (> 50 years)

Diagnostic Workup



Dilemma in a H U S D I AG N O S I S
1

aHUS,atypical hemolytic uremicsyndrome; CKD, chronickidneydisease; SCr, serumcreatinine;TMA, thromboticmicroangiopathy.

1. Campistol JM,et al. Nefrologia.2015;35(5):421-447.2. FakhouriF, Frémeaux-BacchiV. Nat RevNephrol. 2021;17(8):543-553.

A clinical diagnosis is required for aHUS, using diagnostic tests available for other causes of TMA1,3

aHUS is a diagnosis of exclusion and a condition that may lead to irreversible organ damage1

Lack of a definitive biomarker for aHUS2

No single test can positively diagnose aHUS; 

complement gene variants are not detected in 40%-60% 

of patients with aHUS with currently available tests

Overlapping clinical features3

Clinical features of aHUS, such as 

thrombocytopenia and hemolytic anemia, are 

characteristic of other conditions as well

Underlying conditions that trigger aHUS3 

aHUS may be triggered by underlying conditions with 

overlapping symptoms, which may mask aHUS and 

complicate diagnosis

Progressive onset4

Patients may have a progressive onset, with subclinical 

or fluctuating laboratory values and a gradual increase 

in SCr that can eventually result in CKD

3. LaurenceJ, et al. Clin AdvHematolOncol.2016;14(11)(suppl11):2-15.4. LoiratC, Frémeaux-BacchiV. OrphanetJ Rare Dis. 2011;6:60. doi:10.1186/1750-1172-6-60
18



Apparent Secondary Cause

Approach to Treatment

MAHA, thrombocytopenia, organ dysfunction

Plasma Exchange

Unexplained

TTP
Plasma 

Exchange

aHUS
Eculizumab

Treat the cause

Treat as primary while 
waiting for lab results

If persistent

Family history of aHUS/Relapse
Severe oliguric AKI
postpartum AKI
PE dependent/Refractory hemolysis persists despite maximum doses of PE therapy

Fakhouri,et al.,  Blood, VOLUME 141, NUMBER 9, 2023

anti–factor H antibody–associated aHUS
Start Eculizumab (Urgency)



Complement Abnormalities
Complement 
abnormality

Frequency
(%)

NO. of Tx
pts

Recurrence
(% of pts)

No. of grafts Recurrence
% of grafts

Graft failure

CFH mutations 20 - 30 42 76  (32/42) 51 71 (36/51) 86 (31/36)

CFI mutations 4 - 10 12 92 (11/12) 17 88 (15/17) 85 (11/13)

MCP mutations 10 - 15 10 20 (2/10) 12 17 (2/12) 1/2

CFH autoantibodies 6 5 20 (1/5) 9 22 (2/9) 2/2

C3 mutations 5 - 10 7 57 (4/7) 14 50 (7/14) 80 (4/5)

CFB mutations 1 - 2 3 3/3 3 3/3 2/3

THBD mutations 5 1 1/1 1 1/1 1/1

Noris & Remuzzi, Am J of Transplant,  10 : 1517, 2010



• joint consensus of the American College of Medical 
Genetics (ACMG) 

• Association of Molecular Pathology

 Level 1: pathogenic
 level 2: likely pathogenic
 level 3: variants of uncertain clinical significance (VUS)
 level 4: likely benign 
 level 5: benign.

Variants Risk Stratification

Richards  et al. Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of
the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med. 2015;17(5):405-424.



Importance of Genetic Testing

Predict progression 
to dialysis and 

recurrence after Tx

Longterm 
management of 

aHUS & treatment 
discontiuation

Directing 
prophylactic 

treatment before 
transplantation



Discontiuation of Therapy
Kidney International 106, 369–391, 2024

Risk of relapse after C5 
blocker discontinuation 

CFH: 64%

MCP: 37%
CFI: 23%

Patients with no detected pathogenic complement variants: the risk relapse  <5%: safe to discontinue treatment 

Extreme caution in stopping is warranted in patients with chronic kidney disease stages G3b–G5 and in kidney 
transplant recipients.

Fakhouri,et al.,  Blood, VOLUME 141, NUMBER 9, 2023



Atypical hemolytic uremic syndrome and C3 glomerulopathy: 
conclusions from a "Kidney Disease: Improving Global Outcomes" 

KDIGO) Controversies

recovery

Kidney Int.; 91(3):539-551, 2017





Atypical HUS Treatment

Licht C et al. J Am Soc Nephrol. 2011;22:197A.

Greenbaum LA et al. J Am Soc Nephrol. 2011;22:197A.

Duration of therapy??

Cost??





Fakhouri,et al.,  Blood, VOLUME 141, NUMBER 9, 2023
Kidney International (2024) 106, 369–391

Advocated to use a short-acting C5 blocker during the initial acute phase of aHUS, owing to the 
remaining uncertainties regarding the diagnosis of aHUS and to extensive experience

Patients in whom C5 blockade discontinuation is not feasible or desired, a switch to a long-
acting C5 blocker is an option to decrease the inconvenience of repeated infusions 

In routine practice, only CH50 and eculizumab trough levels are used to assess the degree of 
terminal complement blockade for FU



Prophylactic Treatment

Avoid ischemia-reperfusion injury, viral infection , consider 
Belatacept

 Eculizumab: anti C5 Mab

The introduction of eculizumab, an anti-C5 monoclonal 
antibody, has favorably changed the outcomes and 
challenged the role of TPE 

 PE + IS with steroids &/or Rituximab
anti CFH autoantibodies

 Intensive Plasma Exchange
Mutations affecting Plasma complement proteins

 Liver Kidney Transplant

CFH mutations

Noris & Remuzzi, Am J of Transplant, 10 : 1517, 2010
Kidney International,  106, 369–391, 2024

• Living donation in combination with a protocol to reduce 
endothelial injury





Biomarkers  to diagnose and monitor complement-
Mediated forms of TMA

Newly developed assays such as ex vivo cell-based 
tests 

• Modifies Ham: (mHam)

• Human dermal microvascular endothelial cells-1 
assay: HMEC-1, staining for C5b-9

• Complement biosensor (Autonomously 
bioluminescent HEK293)

• Regardless of AP dysregulation, there is a CP stimulus in 
CM-HUS, explaining the mystery of why 40% of CM-HUS 
lack complement specific variants or autoantibodies, and 
suggests a breakdown in IgM immunologic tolerance as a 
key driver of CM-HUS

• All tests , require further validation before 
implementation in the clinic.

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.29.596475; 



Kidney International 106, 369–391, 2024



Emerging

Various C5 inhibitors are 
available or in development, 
including antibodies, small, 

interfering RNA, and short- and 
long-acting drugs with multiple 

modes of administration.

Targeting the  C3 convertase

C3/FB/factor D inhibition is a 
potential alternative

. Selective C5a or C5a receptor 
blockade is a potential approach that 
carries the advantage of preserving 

C5b-dependent killing of 
encapsulated pathogens. However, in 

an animal model, genetic C5a 
receptor invalidation did not prevent 

aHUS

Kidney International 106, 369–391, 2024



Dixon B, Webinar, Rare Disease, 2022



Dixon B, Webinar, Rare Disease, 2022



Dixon B, Webinar, Rare Disease, 2022



Dixon B, Webinar, Rare Disease, 2022



The role of complement in kidney disease: conclusions from a 
Kidney Disease: Improving Global Outcomes (KDIGO) 

Controversies Conference, 
Kidney International 106, 369–391, 2024







Fakhouri,et al.,  Blood, VOLUME 141, NUMBER 9, 2023



Emerging: 
Gene Therapy and Targeted 

Complement System Modulation

• Gene therapy holds great promise for aHUS as it 
addresses the underlying genetic causes of the condition 
& provide a more permanent solution compared to 
current treatments like complement inhibitors

• Gene Identification: to identify the specific genetic 
mutations responsible for aHUS in an individual. This 
requires comprehensive genetic testing to pinpoint the 
exact genetic variations contributing to the condition.

• Gene Modification: eg: Hundreds of errors are identified 
in just CFH alone so far so each will have to be changed 
individually. Several approaches can be used, such as 
introducing functional genes or repairing mutations.

• Delivery Method: to transport the modified genes into 
the patient’s cells. These delivery methods can include
viral vectors, nanoparticles, or other techniques.

• This is still an evolving field, and ongoing research is 
needed to refine

Len Woodward, Cure – aHUS Agenda Topic 9, 

2024 



Conclusion

• aHUS is a genetic disease that is potentially life-threatening, can affect all organ systems,
and has a poor prognosis if not recognized quickly and appropriately treated

• There are still many knowledge gaps across aHUS

• No single test can positively diagnose aHUS & it is still a diagnosis of exclusion

• Much is unknown about how certain circumstances regarding genetics and environmental 
factors may combine to trigger atypical HUS disease activity

• Eculizumab and Ravulizumab have proved effective in suppressing disease activity, but no 
definite cure, price prohibiting

• Research is ongoing to find a definite diagnostic test, and also explore other alternative or 
combined treatment strategies

• Encouraging the use of registries, biobanks, and open data sharing will enhance our 
understanding, enabling us to provide our patients with early and accurate diagnoses, as well as 
safe and affordable treatments.




