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Hemolytic uremic syndrome    
       Historical perspective



Typical



Infection-associated 
HUS

Classification

Ø Shiga-toxin producing E-Coli (STEC)
Ø Streptococcal pneumoniae
Ø Others:
vShigella
vViral Infection: Influenza, HIV, COVID-
19…..





STEC-HUS
Historical      
perspective



STEC-HUS in 
children

Bruyand et al.; Médecine et maladies infectieuses 48 (2018) 167–174



Incidence of HUS 
in STEC infections



STEC-HUS 
by age



E-Coli 
serogroups 

and HUS



Incidence of  
STEC 

Infection by 
serogroup  in 

USA 
(CDC report 2015)



Incidence of  
STEC infection 
by serogroup 

in EU-EEA 
countries 

(ECDC report 2015)



Pathophysiology of STEC-HUS



Shiga toxin structure

Obrig, Toxins. 2010;2:2769–94



Keir et. Al.; Drug Des Devel Ther. 2012;6:195–208

Mechanisms of Stx-mediated cell injury



Pathophysiology of STEC-HUS



Pathophysiology of STEC-HUS

Quoted from Exeni  et.al.; Pediatr Nephrol. 2018;33:2057–71.
• Increased serum anti LPS Abs
• Low superoxide dismutase activity



Pathophysiology of STEC-HUS

Quoted from Exeni  et.a.l; Pediatr Nephrol. 2018;33:2057–71.

• Low serum C3 levels
• Increased factor Bb
• Increased soluble membrane 

attack complex (SC5b-9)



Pathophysiology of STEC-HUS



Clinical course of STEC-
HUS



Liu et. Al., Toxins 2023, 15(1)



STEC-HUS therapeutic targets. 

BioRender.com (accessed on 12 October 2022)
S. Kagami et al. 

http://biorender.com/


Quoted from Kagami et al, in Pediatric Nephrology, 2021 F. Emma et al. (eds.), © Springer-Verlag GmbH Germany,
part of Springer Nature https://doi.org/10.1007/978-3-642-27843-3_99-1

Outcome of STEC-HUS

https://doi.org/10.1007/978-3-642-27843-3_99-1




• 13% of dysenteric patients with shigellosis
   due to Shigella dysenteriae type 1 (SD1)
   infections develop HUS.

• Mostly children less than five years old.

• HUS develops 4-17 days after the onset of
   bloody diarrhea. 

• The risk of HUS is increased with delay in the      
    start of appropriate antimicrobial drugs. 

• Shiga toxin and lipopolysaccharide play roles 
   in pathogenesis.

•  Mortality rate is 36%. 

500 cases



Infection - Associated HUS
Classification

Ø Shiga-toxin producing E-Coli (STEC)
Ø Streptococcal pneumoniae
Ø Others:
vShigella
vViral Infection: Influenza, HIV, COVID-
19…..







Sp-HUS in 
children

Bruyand M et al,. Médecine et maladies infectieuses 48 (2018) 167–174



Incidence of HUS in 
Streptococcal
pneumoniae infections.

Copelovitch & Kaplan, Pediatr. Nephrol. 
2008, 23, 1951–1956.

0.015 to 0.06/ 
100,000 children



Streptococcal pneumoniae 
serogroups and Sp-HUS

54.5% in 2010

Copelovitch & Kaplan;. Pediatrics. 2010;125(1):e174–82.



Pathophysiology of Sp-HUS



Mechanisms of 
neuraminidase
-mediated cell 
injury



Pathophysiology of Sp-HUS

Meinel et al., J. Infect. Dis. 2018, 217, 358–370 



Pathophysiology of Sp-HUS

Spinale et al.; Curr. Opin. Pediatr. 2013, 25, 203–208



Pathophysiology of Sp-HUS

Ø 3/5 patients had mutations 
and/or risk haplotypes in the 
complement genes. 

ØActivation of the classic pathway secondary to 
exposing T-antigens on different cells.  

ØActivation of the alternative pathway secondary to 
decreased factor H binding to endothelial cells.



Pathophysiology of Sp-HUS



Ø Fluorescein-labelled peanut lectin 
(Arachis hypogaea) agglutination test.

                   Sensitivity: 100%
                   Specificity: 48% Invasive Streptococcus pneumoniae 

infection

§  The presence of pneumococcal growth.
§ Antigen detection.
§ Positive PCR from blood or 

physiologically sterile biological fluid.

Quoted from  Agarwal & Latifthoge; Pathogens. (2021), 10, 727

Diagnosis of Sp-
HUS 



Diagnosis of 
Sp-HUS

Definite case
• Presence of HUS.
• Presence of invasive Streptococcal pneumoniae 

infection.
• Absence of DIC.

Possible case
• Presence of HUS.
• Presence of pneumonia, meningitis or other 

evidence of invasive infection without 
identification of specific organism.

• Presence or absence of DIC.
• Presence of T-Antigen activation.

Copelovitch et.al.; Pediatrics 2010, 125, e174–e181. 
Cody & Dixon;  Pediatr. Clin. N. Am. 2019, 66, 235–246.

Probable case
• Presence of HUS.
• Presence of invasive Streptococcal pneumoniae 

infection.
• Presence of DIC.
• Presence of T-Antigen activation.



Clinical course of 
Sp-HUS

Ø90% have complicated pneumonia (50% 
need ventilation).

Ø60% have meningitis. 

Ø30% have bacteremia (Overlap with 
some of the symptoms of multi-organ 
failure seen with pneumococcal 
sepsis).

Ø25% develop extra-renal complications 
(Hepatitis, cholecystitis, pancreatitis, hearing 
deficit, and limb ischemia). 

HUS usually develops 3 to 13 
days following the onset of IPD.

Quoted from  Agarwal & Latifthoge; Pathogens. (2021), 10, 727



Management 
of Sp-HUS

Quoted from Agarwal & Latifthoge;
 Pathogens.(2021), 10, 727

Ø Eradication of Streptococcus pneumoniae infection 
         Vancomycin and an extended-spectrum cephalosporin.

Ø Management of renal  injuries
         RRT (HD or PD) must be initiated early  in patients with      
         severe kidney injury. 

Ø Management of hematologic injuries
         Washed red blood cells or platelets must be used. 

Ø Plasma exchange
         ASFA reports insufficient evidence to establish the    
         efficacy or the risk/benefit ratio.  

Ø Eculizumab
 ,       There may be a role for use in severe  cases especially 
         those with reduced C3..



Sp-HUS patients have, compared to STEC-HUS 
patients, more complicated clinical course, longer 
periods of oliguria and  more days of intensive care.

Outcome  of 
Sp-HUS

Quoted from Agarwal & Latifthoge; Pathogens.(2021), 10-727





Triggers in atypical HUS 

Tomazos, et al.; Blood 2020, 136, 30–31

450 aHUS patients



83%: Influenza A (55%: H1N1).                                  Median age: 15years. 
  40%: RRT.                                                                        83.3%: Complete. 
recovery

Neuraminidase productivity.                                   Direct injury. 
    Activation of vascular endothelial cells and/or platelets. 

87.3%: Complement gene mutations

Influenza infection is a trigger for the development of HUS in patients with  
CAP regulator protein haploinsufficiency.





TTP
32.3% DIC

STEC-HUS
14% DIC

Quoted from Wada et al. Thrombosis Journal (2018) 16:14



Ø Infections are involved in more than 90% of HUS cases.

ØThe Shiga toxin producing Escherichia coli (STEC) is the most common.

ØThe Streptococcus pneumoniae-associated HUS is reported in 4–5% 
of total HUS.

ØDirect endothelial cell injury by products of the infectious agents play 
a central role in the pathophysiology of infection-related HUS.

 
ØAcquired complement dysregulation secondary to infection may be 

involved in infection-related HUS.

Ø Infections may trigger the disease in aHUS patients with heterozygous 
gene mutations. 




