


Pathophysiology of HUS:
Role of Infection




Hemolytic Uremic Syndrome

A thrombotic microangiopathy manifesting with:
+ Micro-angiopathic hemolytic anemia

« Thrombocytopenia

« Acute renal failure




Hemolytic uremic syndrome
Historical perspective
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» Shiga-toxin producing E-Coli (STEC)
» Streptococcal pneumoniae

» Others:
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STEC-HUS

Historical
perspective
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STEC-HUS in
children

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



Incidence of HUS
in STEC infections

Bruyand et al.; Médecine et maladies
infectieuses 48 (2018) 167—174
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E-Col
Serogroups
and HUS
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Incidence of
STEC infection
by serogroup

in EU-EEA
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Pathophysiology of STEC-HUS




Shiga toxin structure

Nature Reviews | Microbiology

Obrig, Toxins. 2010;2:2769-94
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Pathophysiology of STEC-HUS

Inflammatory components



Pathophysiology of STEC-HUS

P M N I Inflammatory cascade Thrombeotic cascade
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Pathophysiology of STEC-HUS

Thromboresistant T Thrombaofic
phenolype | . Endothelial cell activation phenotype
Physiological C3 tick-over Exuberant C3 activation
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° Low serum c3 |eve|s Microvascular endothelial cells
* Increased factor Bb
* Increased soluble membrane

attack complex (SC5b-9) Quoted from Exeni et.a.l; Pediatr Nephrol. 2018;33:2057-71.
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Clinical course of STEC-

R e | Window for Intervention I Cascade interruption

Ingestion

Diarrhea

Hemorrhagic colitis

Stx-induced TMA Coagulopathy
Microvascular thrombosis

————

HUS
Long term sequelae...
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Liu et. Al., Toxins 2023, 15(1)
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Table3 Summary of developed interventions based on mechanisms (first line of table) for HUS treatment. Summarized
from review Muhlen e al. 2000
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STEC-HUS in children

Outcome of STEC-HUS

Mostly children aged 6 months to <3 years
Contaminated food or water

Contact with ruminani animals or their
environment, contact with a contaminated . _
person Transfusion required ~80%

Dialysis required ~60%s

Complications

Bloady Neurological ~20%

ﬂl:r:hﬂ diarthea Intestinal pancreatic ~ 0% S-year follow-up”'
95% Bl Cardiac 2-5%

ESRD <1% Full recovery: T0%

\ Death 1.4-2.9% Renal sequelae: 30%
ESRI |.4%

eGFR<80 mU'min/1.73m": 9% (95% C1, .05-.12)
{Median ¢GFR 74 mUmin/].73m" ; IQR. 68-78)
Hypertension: 9% (95% CI, .05-.13)
Proteinuria; 19%6 (95%C1, .15-23)

Neurological sequelae: 4% (95% C1, .02-.07)

Quoted from Kagami et al, in Pediatric Nephrology, 2021 F. Emma et al. (eds.), © Springer-Verlag GmbH Germany,
part of Springer Nature https://doi.orq/10.1007/978-3-642-27843-3 99-1
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SD1-HUS



* 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.

Haemolytic uraemic syndrome during shigellosis

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

Abstract

* Shiga toxin and lipopolysaccharide play roles
in pathogenesis.

* Mortality rate is 36%.
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Classification

» Shiga-toxin producing E-Coli (STEC)
» Streptococcal pneumoniae

» Others:

*»*Shigella

+*Viral Infection: Influenza, HIV, COVID-
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Sp-HUS in
children




Incidence of HUS in
Streptococcal
pneumoniae infections.

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



Streptococcal pneu
serogroups and Sp:

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



Pathophysiology of Sp-HUS

Neuraminidase
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Pathophysiology of Sp-HUS
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Factor H

Removal of
"\t’ ~factor H shalic acids

Factor H I:H_-Fm.lﬂnn hﬁ By

bimilking 1o C3h = No factor H of C3h = 5 |'3'-'r|."'rfJ.I'fJF.'f: ]

complement binding ', complemint o ’:'g o
regulation ', activation i

Mormal call cells with cleaved sialic acids

Pathophysiology of Sp-HUS

sensitzed cells
attacked by
microbial
molecules =
hemolysis

Removal of
sialic acids

by NanA ~factor H
microbe

|
] o Nofactor H

0 C 00 binding

00 Deposition
of C3h =
NanA g complement
NanB? 4 | activation
NanC? q4
, & e

cells with cleaved sialic acids

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

Factor H
binding on C3b =

complement
regulation

Normal cell




Complement Pathophysiology of Sp-HUS

dysregulation

Case Reports  » Int J Med Microbiol, 2018 Dec;308(8):1096- 1104, doi: 10.1016/).ijmm.2018.08.007
Epub 2018 Aug 29.
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Complement depletion and Coombs positivity in

o . pneumococcal hemolytic uremic syndrome (pnHUS).
Does dysregulated complement activation contribute Case series and plea to revisit an old pathogenetic

to haemolytic uraemic syndrome secondary to concept

Streptococcus pneumoniae?
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Pathophysiology of Sp-HUS

Neuraminidase

Complement
dysregulation




I I Meningitis
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» Fluorescein-labelled peanut lectin
(Arachis hypogaea) agglutination test,
Sensitivity: 100%

re . Invasive Streptococcus pneumoniae
Specificity: 48% P P

infection

= The presence of pneumococcal growth.
Antigen detection.

Positive PCR from blood or
physiologically sterile biological fluid.

Coombsr.es-c

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



SRUSSRLIEY Definite case
S50 Presence of HUS.
Presence of invasive Streptococcal pneumoniae

infection.
Absence of DIC.

D|agnos|s Of Probable case

Presence of HUS.

Presence of invasive Streptococcal pneumoniae
S p - H U S infection.

Presence of DIC.
Presence of T-Antigen activation.

..
°
® o 0 ®
.....

Possible case

Presence of HUS.

Presence of pneumonia, meningitis or other
evidence of invasive infection without
identification of specific organism.

Copelowtch et aI., Pedlatncs 2010, 125, e174—e181. Presence or absence of DIC.
Cody&D;xon Pedfdtr. Clin. N. Am. 2019, 66, 235-246. Presence of T-Antigen activation.




Clinical course of
Sp-HUS

have complicated pneumonia (50%
need ventilation).

have meningitis.

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

develop extra-renal complications

(Hepatitis, cholecystitis, pancreatitis, hearing
deficit, and limb ischemia).




» Eradication of Streptococcus pneumoniae infection
M ana ge me nt Vancomycin and an extended-spectrum cephalosporin.
of Sp-HUS

» Eculizumab

There may be a role for use in severe cases especially

Quoted from Agarwal & Latifthoge; those with reduced C3.
Pathogens.(2021), 10, 727

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

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

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




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

L

* Proteinuria: 20-28%

* Hypertension: 19-30%
*ESRD: 10%

*Death: 11-16%

Quoted from Agarwal & Latifthoge; Pathogens.(2021), 10-727
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Triggers in Patients with Atypical Hemolytic Uremie Syndrome: An
Observational Cohort Study Using a US Claims Database

W] Cneckforupdoios

LT }o S8 10 1R 2 DeeS-2020- 13828

Sfvpecal hemalybe urermee syrdroemes (a-UIS) 18 8 rare syslemic thraneatie mesrsangcpestiy [ TRIA]

Intredustion

character@ed by hemolylic angmea, thiamboecylopeis and and organ dar age, predarminatedy in the Kdneys
Dsgase emargence is olten unpredictable, ecourrng with gor without an idengizd tigger er in the presence
of & cancomitant clinical conditean, The peraistencs of TMA and lang-term didcase manitestations are alzo

Aot el deacnbed The aims of thia sfudy wers 1o charactenie the PFraquency and distauticn of poteatia
i i Pl

Potential triggering condition reported at (-3 months
prior to the date of first aHUS/TMA diagnosis

Infections
Upper respiratory mfection
Bactenal infection
H’I‘EHF
Viral mfection
Gastroententis

Chemotherapy

Systemic lupus erythematosus (all)
Lupus nephntis
Excludmg lupus nephntis

Pregnancy-related triggers (all)

Postpartum
Pre-eclampsia

Pregnancy

Triggers in atypical HUS

| Number of patients, n (%)
(N=147)

92 (63)
49 (33)
26 (18)
3(2)
8(3)
17 (18)

28 (19)

26 (18)
1(1)
23 (17)

10 (7)
3 (3)
3(2)
10(7)
1(1)

Tomazos, et al.; Blood 2020, 136, 30-31
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Influenza-associated thrombotic microangiopathies

83%: Influenza A (55%: H1N1). Median age: 15years.

40%: RRT. 83.3%: Complete.
Neuraminidase productivity. Direct injury.
Activation of vascular endothelial cells and/or platelets.

87.3%: Complement gene mutations

\ 4

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




Sepsis/DIC/HU
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STEC-HUS
14% DIC

Table 3 Do and armdated Betoprn TR and DIC

Sepsis/DIC/HUS

S DIC

fusverr TN

Quoted from Wada et al. Thrombosis Journal (2018) 16:14
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» Infections are involved in more than 90% of HUS cases.
» The Shiga toxin producing Escherichia coli (STEC) is the most common.

» The Streptococcus pneumoniae-associated HUS is reported in 4-5%
of total HUS.

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

» Acquired complement dysregulation secondary to infection may be
involved in infection-related HUS.

» Infections may trigger the disease in aHUS patients with heterozygous N ha
gene mutations.






