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Abstract:

The review article” Hemolytic Uremic Syndrome: Diagnosis and Management in Pediatric Population” is an update on different types
of hemolytic syndrome, its diagnosis and treatment. This write up also sheds light on limitation in its management in a resource limited
country and suggestions to overcome it. It 1s hoped that it will generate interest and will encourage the readers to share their experiences.
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Introduction:

Hemolytic uremic syndrome (HUS) is one of the thrombotic microangiopathies (TMASs) characterized by nonimmune thrombotic
microangiopathic hemolytic anemia, thrombocytopenia and acute kidney injury.' It can be followed by infection with Shiga Toxin
producing bacteria, mainly Escherichia Coli (STEC) or may be associated with systemic illness (secondary) or caused mainly by
dysregulation of complement system, atypical HUS (aHUS) ( Figl).” Atypical HUS carries poor prognosis, with first aHUS attack being
associated with mortality rate of about 25% and approximately 50% of cases resulting in ESRD requiring dialysis.’

A variety of clinical conditions have features of TMA and differentiating HUS from other forms of thrombotic microangiopathies is
difficult but crucial because of the need for distinct therapeutic approaches. ‘ Fig 2 elaborates how to differentiate atypical hemolytic
uremic syndrome (aHUS) from other thrombotic microangiopathies. °

HUS remains a diagnostic challenge for nephrologist in developing countries, since direct detection of Shiga toxins by real time PCR, or
the detection of antibodies by immunoassay, are not freely available. Likewise, work up of atypical HUS which results from either loss
of-function mutations of regulatory genes or gain-of-function mutations in effector genes (C3 and CFB) of alternate pathway (AP) or
neutralizing antibodies is not available.

Not only there are diagnostic issues but treatment modalities like facility for plasma exchange and dialysis are available only in couple of
centers. Eculizumab, a monoclonal antibody that blocks C 5 activation and terminal membrane attack complex yields good results however,
there are financial constraints and availability issues for its usage.

In this article, a brief review of different types of thrombotic microangiopathies will be given with emphasis on diagnostic and treatment
modalities of aHUS and suggestions in a resource limited country like Pakistan.

Definition:

According to  “Consensus guidelines for hemolytic uremic syndrome in a developing country” by Bagga. A et al, probable diagnosis of
HUS is made if: triad of microangiopathic non immune hemolytic anemia(Hb<10gm/dl) with high LDH >450 iu/L), low haptoglobin
(<30mg/dl), reticulocytosis (>2%), presence of schistocytes (upto 10%) on peripheral smear ,thrombocytopenia (P1t<150,000/uL and acute
kidney injury( S/Creatinine 1.5 times higher than reference value for age and gender). '
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Types of Hemolytic Uremic Syndrome:

Infection-induced HUS:

Infection-induced HUS is a common cause of acute kidney injury in children and leads to significant morbidity and mortality during the
acute phase of the disease. In addition, long-term renal and extra renal complications can occur years after

an acute episode of HUS. The most common infectious agents are Shiga toxin producing enterohemorrhagic Escherichia coli (STEC) and
sterp. pneumoniae.

Shiga toxin-mediated hemolytic uremic syndrome:
Shigella dysenteriae and some serotypes of Escherichia coli such as O157:H7 and O104:H4 produce Shiga toxin specifically Shiga toxin
1 (ST-1) and/or Shiga toxin 2 (ST-2), which are responsible for direct damage to renal epithelial, mesangial and vascular endothelial cells.
STEC HUS is characterized by bloody diarrhea. However, diarrhea may also be present in some aHUS cases. Therefore, a diagnosis of
STEC-HUS cannot be made on symptoms alone, and the earlier nomenclature that used “D+HUS” to correspond with STEC-HUS and
‘D-HUS” fo correspond with aHUS is not used at present. The involvement of Shiga toxins should be confirmed by, stool culture for
shiga toxin producing E.coli(STEC), real time PCR for shiga toxin(Stx) genes, or the detection of anti-lipopolysaccharide-IgM antibodies
against common STEC serogroups’ . STEC can trigger HUS episode in approximately 1% of patients with complement mutation (mostly
membrane co factor protein (MCP) mutation in children).

Early supportive treatment and dialysis are the main stay of treatment. The role of antibiotics in E.Coli infection is debated as this may
induce expression of shiga toxin and increases risk of HUS. However, patients with shigellosis require prompt antimicrobial treatment in
order to reduce g}onality. Ciprofloxacin is recommended by WHO as first line therapy while ceftriaxone, azithromycin and cefixime are
alternate agents.”

Figure 1: An etiology-based classification of the various forms of thrombotic microangiopathies.
Reprinted by permission from Nature/Springer: Ref 2.
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Streptococcus pneumonia (S.P) induced HUS:

HUS may occur following an invasive infection with Streptococcus pneumoniae. The preceding Streptococcus pneumoniae infection is
usually severe and invasive, and children may present with septicemia, meningitis, and/or pneumonia with empyema. " The mechanism
of cellular injury in SP-associated HUS is thought to be related to exposure of the normally hidden Thomsen-Friedenreich (T) antigen, by
circulating neuraminidase produced by the Streptococcus pneumonia organism. The neuraminidase removes the N-acetylneuraminic acid,
and normally circulating anti-T-antigen antibodies react with the newly exposed T antigen on red blood cells, platelets, and endothelial
cells, precipitating hemolytic anemia, thrombocytopenia, and microvascular injury characteristic of HUS. Because blood products contain
anti-T-antigen antibodies, plasma infusions should be minimized, and blood products should be washed so as to prevent administration of
additional anti-T-antigen antibodies. "
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Cobalamin deficiency-associated HUS:

Cobalamin deficiency-associated HUS is rare form of HUS, that occurs due to mutations in the MMACHC (methylmalonic aciduria and
homocystinuria type C protein) gene, when a gene mutation is present, MeCbl will not metabolize homocysteine. Exactly how this
metabolic change causes HUS is unclear. Suggested mechanisms include endothelial damage induced by hyperhomocysteinemia,
impairment of the nitric oxide dependent inhibition of platelet aggregation, or induction of a procoagulant state of the endothelium
leading to the formation of microthrombi.

This autosomal recessive disorder typically presents in the neonatal period with vomiting, poor sucking, failure to thrive, lethargy,
hypotonia, thrombocytopenia, microangiopathic hemolytic anemia, and renal injury. " Presentation may also occur in the older child. Adult
onset is extremely uncommon though may occur. " Regardless of age at presentation, neurologic symptoms are prominent and also include
cognitive impairment, ataxia, and psychosis. Rapid deterioration of the patient leading to severe respiratory and hepatic failure has been
reported. " Renal disease is present in many. Megaloblastosis and leukopenia are unique features that are related to the metabolic defect
responsive to low protein diet, Betaine, methionine and injectable vitamin B12.

Fig 2: Proposed diagram to differentiate atypical hemolytic uremic syndrome (aHUS) among thrombotic microangiopathies. Ref 5.
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Thrombotic Thrombocytopenia Purpura (TTP):

Thrombotic thrombocytopenia purpura (TTP) is associated with abnormalities of von Willebrand factor-cleaving protease activity
(ADAMTS13). It is rare in children. Patients with TTP have very low levels of ADAMTS 13 activity, typically less than 10 % of normal.
" ADAMTS13 prevents the emergence and persistence of unusually large multimers of VWF by cleaving multimeric vWF from the
endothelium and platelets into smaller multimers. Patients with TTP have unusually large multimeric forms of TTP in their plasma, which
are able to agglutinate platelets under high sheer stress.

The onset of symptoms in TTP can be gradual or sudden and can fluctuate and relapse. Neurologic involvement is usually central to the
clinical manifestations and can wax and wane. Laboratory findings include the typical finding of hemolytic anemia, thrombocytopenia,
and acute kidney injury; however, kidney injury is rarely severe. TTP is either inherited due to ADAMTS13 activity gene mutations or
acquired due to anti-ADAMTS13 autoantibodies. ™ When TTP is inherited symptoms may begin in the newborn period, while in TTP
due to autoantibodies that interfere with ADAMTS 13 activity, the onset of symptoms can be in childhood or in adults. For the management
start plasma infusion and plasmaphresis immediately. If ADAMTS13 is <5% and anti-ADAMTS13 autoantibodies are negative continue
only plasma infusion. However, if antibodies are positive continue with plasma exchange.

Atypical HUS (aHUS):

Atypical hemolytic uremic syndrome(aHUS) also called complement mediated or genetically mediated Hemolytic uremic Syndrome
(HUS). The diagnosis of aHUS remains clinical. Microangiopathic hemolytic anemia and thrombocytopenia are the most common clinical
manifestations of aHUS. It ultimately affects the kidneys and brain, leading to acute kidney injury and neurologic abnormalities such as
diplopia, blindness, paresis, convulsion, confusion and coma. The disease may also invade the cardiovascular system, resulting in
myocarditis, cardiomegaly, pericardial effusion, myocardial infarction, cardiac failure and even distal gangrene. The most common
sequelae resulting from aHUS are chronic kidney disease and hypertension. A preceding illness, particularly a respiratory illness or a
gastrointestinal infection (causing non-bloody diarrhea), is often reported Much less commonly, aHUS may be more indolent, with only
marginally low platelet levels and a less substantial anemia than is classically seen in STEC HUS.”

Abnormalities of the complement regulation system is the main cause of aHUS and include various kinds of mutations and copy number
variations in the genes encoding C3, CFH, CFI, CD46/ membrance Co factor protein,(MCP), CFB, thrombomodulin (THBD),
diacylglycerol kinase & ( DGKE) and complement factor H - related proteins 1 through 5 (CFHR-5) or anti-CFH antibodies.” Currently,
60%-70% of patients with aHUS have identifiable mutations in complement genes or anti-CFH antibodies.

Fig 3: Alternate Complement Pathway Proteins. Ref 5
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The complement system consists of 30 plasma and cell surface — bound proteins. Complement activation is initiated by three pathways:
Classical pathway is activated by immune complexes, Lectin pathway results from protein interactions with pathogens and Alternative
pathway is a positive feedback loop that is constitutively active due to spontaneous hydrolysis of C3.This enables a rapid response against
pathogens, but leaves the host vulnerable to damage if the amplification loop is unchecked. The system is therefore tightly regulated by
plasma proteins: Factor H and factor I and cell surface proteins: membrane cofactor protein (CD46) (Fig 3).”

Defects in these regulators lead to complement dysregulation, activation of the terminal complement pathway and generation of the
anaphylatoxin C5a and the membrane attack complex (C5b-9), resulting in a complement mediated aHUS. In each form of HUS, capillary
and arteriolar injury in kidney leads to localized thrombosis, particularly in glomeruli, causing direct decrease in glomerular filtration.
Progressive platelet aggregation in these areas of microvascular injury results in consumptive thrombocytopenia. Microangiopathic
hezgnolytic anemia results from mechanical damage to red blood cells as they pass through damaged and thrombotic microvasculature, Fig
4,

Diagnosis:

Atypical HUS is suspected in patients with TMA having ADAMTS13 activity > 10%, without evidence of STEC-HUS or secondary cause
of HUS. In addition, it should also be strongly suspected if: very young age at onset (< 6 months); time point of HUS onset is not clear;
anemia of unknown cause; recurrent HUS; recurrence of HUS after renal transplantation; family history of HUS and absence of diarrhea
or bloody stools.”

Complement levels should be measured for all patients. If levels are decreased, then aHUS should be suspected however, a normal C3
level does not rule out diagnosis of aHUS. Likewise, decreased CFH or complement factor I (CFI) are observed in approximately 50 %
and 30 % of patients with mutated CFH or CFI, respectively. Therefore, a normal CFH or CFI plasma level does not exclude a mutation
in the corresponding gene.”

Genetic work up is recommended for all patients with aHUS who have no coexisting disease/condition, STEC infection, severe ADAMTS
13 deficiency, or hyperhomocysteinemia/methyl-malonic aciduria. In addition, they should be performed without delay if the patient has
HUS relapse, a family history of non-synchronous HUS, or de novo post-transplant HUS and essentially before renal transplantation for
aHUS. However, it is not justified before transplantation for STEC-HUS, unless this diagnosis is uncertain or unproven. ” Lastly, screening
for DGKE mutation should also be performed in children with onset of aHUS before the age of 1 - 2 years.””

Fig 4: The alternate Complement Pathway in atypical HUS and the associated genetic mutations. Ref 24.
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Figure 2 The alternative complement pathway in atypical hemolytic uremic syndrome and the associated genetic mutations.

Note: Dar from references 3, 16, 18-25.

Abbreviations: CF8, compl factor B; CFD, complement ictor D; CFl, complement ficror I; CFH, complement factor H; MCP. membrane cofactor protein; THED,
thrombomodulin; MAC. membrane attack complex; CFHR, complement factor receptor; PLG, plasminogen; INF2, Inverted Formin 2;aHUS, atypical hemolytic uremic syndrome.
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Screening for mutations in CFH, CFI, MCP, C3, CFB, THED, and DGKE should be performed by direct Sanger sequencing analysis or
next-generation sequencing (NGS), and screening for the CFH hybrid gene and copy number variation in CFH and CFHRs should be
performed by multiplex ligation-dependent probe amplification (MLPA).” In addition, 6%-10% of aHUS patients have antibodies that
bind to the C terminal region of factor H, and as the prevalence of anti-CFH in Korean children is higher than in other countries,
autoantibodies against factor H should be performed in an appropriately accredited laboratory. ™™ An international consensus has been
published by Loirat et al for diagnostic purposes, Fig5.

Management:

Supportive management is the basis of therapy in all forms of HUS. Infection can trigger relapse of aHUS so it should be treated
appropriately.” All patients who are clinically suspected of having aHUS should be offered a trial of Plasma exchange (PEx) and/or plasma
infusion (PI) as early as possible.” The theory behind the use of either of these interventions’ hinges on the concept of either removing
an abnormally functioning protein or replacing a deficient one. ” PEx is an alternative option if eculizumab is not available, with an
exchange of 1.5 plasma volumes (40-60 ml/kg) per session and with fresh-frozen plasma (FFP) for compensation. When PEx cannot be
performed, PI (10-20 ml/kg) should be administered.

Fig 5 Diagnostic algorithm for atypical HUS in Children. Reprinted by permission from Nature/Springer: Ref 2.
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Patients receive PEx or PI daily from 5 days up to 2 weeks during the acute phase until the platelet count, lactate dehydrogenase (LDH),
and hemoglobin levels have normalized and the renal function shows signs of improvement. When disease activity is controlled by daily
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PEx, the subsequent frequency is 5 times per week for 2 weeks, and then 3 times per week for the subsequent 2 weeks. ” The frequency
may be reduced from weekly to every 2 to 4 weeks as a long-term maintenance therapy. The further frequency of plasma therapy has to
be decided according to the genetic information and clinical response to plasma therapy. In patients with an MCEP/CD46 mutation, the
withdrawal of plasma therapy is possible because MCP is not a circulating protein. An attempt to withdraw plasma therapy can be
considered in patients without a relapse of HUS, despite tapering of PEx/PI to monthly administration. ™ Although PEx/PI induced
remission in 55%-80% of episodes in patients with aHUS in the Italian cohort, 48% of children and 67% of adults died or progressed to
ESRD during the 3-year follow-up period.

Given what 1s known about the pathophysiology of aHUS, anticomplement therapy has become an option for the treatment of this disease.
Eculizumab (Sirolis, Alexion Pharma), a monoclonal humanized anti-C5antibody, prevents C5 cleavage and formation of both C5a and
C5b-9.” Therefore, eculizumab therapy can reduce anaphylatoxin-induced inflammation and limit C5b-9 prothrombotic consequences of
complement Activation®. The dosage and schedule of eculizumab should be adjusted according to body weight, as in Table 1. Whereas
improvement of thrombocytopenia and elevated LDH occur more quickly after eculizumab therapy, recovery of renal function and other
end-organ injuries present may take longer. Therefore, recovery from thrombocytopenia is used as a surrogate marker for activity of
complement-mediated TMA. With continuous therapy, a time-dependent improvement of the estimated GFR is usually observed. Some
patients eventually discontinued their previous dialysis. Patients with aHUS who undergo eculizumab therapy have an approximately 50%
lower risk of reaching ESRD within 3 months of an aHUS episode compared with historical controls. ™

Table 1: Weight-based dosing of Eculizumab in the treatment of aHUS. Ref 37

Body weight Induction period Maintenance period

> 40 kg 900 mg/wk x 4 doses 1,200 mg during week 5,

then 1,200 mg every 2 wk
From30kgto <40kg 600 mg/wk x 2 doses 900 mg during week 3,

then 900 mg every 2 wk
From20kgto <30kg 600 mg/wk x 2 doses 600 mg during week 3,

then 600 mg every 2 wk
From10kgto <20kg 600 mg/wk x 1 dose 300 mg during week 2,

then 300 mg every 2 wk
From5kgto <10kg 300 mg/wk x 1 dose 300 mg during week 2,

then 300 mg every 3 wk

aHUS, atypical hemolytic uremic syndrome.

Patients should receive meningococcal vaccination at least 2 weeks prior to the first dose of eculizumab because the drug increases the
risk of meningococcal infection. If eculizumab treatment is initiated less than 2 weeks after vaccination, patients should receive additional
prophylactic antibiotics until 2 weeks after vaccination.”

It is important to emphasize that any complement-activating clinical event (infection, surgery, or pregnancy) may precipitate another acute
episode of aHUS, careful monitoring and counseling should be part of the treatment plan for patients who have discontinued eculizumab.”
Ravulizumab, a long-acting C5 inhibitor, was approved by the Food and Drug Administration for the treatment of adult and pediatric
patients = 1 month of age with aHUS to inhibit complement-mediated TMA. Ravulizumab treatment of aHUS should be maintained for
a minimum duration of 6 months; extension beyond 6 months should be determined on an individual basis. Ravulizumab reduces the
treatment burden, with infusions limited to once every 4 or 8 weeks depending on body weight.”

Special consideration may be given to the treatment of aHUS triggered by antibodies to FH. A number of authors have reported that the
risk of having recurrent disease in this setting is based on the FH antibody titer (provided no mutations are present). Therefore, it has been
proposed that an acceptable treatment plan for antibody-mediated aHUS includes an antibody reduction strategy. This entails either use of
plasma exchange or anti-cellular immune suppression (cyclophosphamide, rituximab, or mycophenolate) in order to reduce the antibody
titer to a safe level.

Liver transplantation:

A number of the complement proteins are manufactured in the liver (FH, FI, C3, and FB). An isolated liver transplantation or a combined
liver and kidney transplantation may be an option for patients with preserved eGFR, despite a severe and/or relapsing course, and for
patients with a CFH, CFI, CFB, or C:3 mutation, complications, or no benefit from PEX/PI and no access to eculizumab treatment. ©
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Kidney transplantation

The risk of HUS recurrence after kidney transplantation varies according to the underlying genetic abnormality. Renal transplantation
alone is not recommended for patients with a CFH or CFI mutation because of the poor outcome, with 80% of patients losing their graft
due to a recurrence of the disease within 2 years. In patients with an MCP/ACD46 mutation alone, the risk of recurrence post-transplantation
is low. Patients with a (3 or CFB mutation show a significant risk of disease recurrence post-transplantation. No post-transplantation
recurrence has been observed to date in patients with a DGKE mutation. Patients with an anti-factor H autoantibody should be treated
with a PEX combination with Rituximab to minimize the antibody titer before proceeding to renal transplantation. ”

Living-related renal transplantation alone should be avoided in cases of aHUS. PEX/PI for post-transplant recurrence usually failed to
prevent graft loss, and prophylactic PEX/PI was recommended. According to the Consensus Study Group, one PEX with FFP (60-75
ml/kg) should be performed within 4-6 hours before graft reperfusion, FFP (10-20 ml/kg) should be infused during surgery, and PEX with
FFP (60-75 ml/kg) should be continued daily for at least 5 days, followed by 5 sessions per week for 2 weeks, and then 3 sessions per
week for 2 weeks, after which it should be tapered on a case-by-case basis. Recently, prophylactic eculizumab treatment for patients at
high risk for post-transplant recurrence has been considered. *

Conclusion and Suggestions:

The diagnosis and management of HUS 1is challenging but is essential because of devastating consequences of inadequate treatment.
Though better understanding of pathogenesis has a considerable impact on treatment modalities and outcome, the scenario is not so
encouraging in developing countries. Followings are suggestions which can helpful in clinching diagnosis and subsequent management.

In resource limited countries, triad of microangiopathic non immune hemolytic anemia(Hb<10gm/dl) with high LDH, low haptoglobin,
indirect hyperbilirubinemia and presence of schistocytes (up to 10%) on peripheral smear ,thrombocytopenia (Plt<150,000/uL and acute
kidney injury( S/Creatinine 1.5 times higher than reference value for age and gender) is sufficient to label the patient as HUS.

The distinction between various causes is important because the clinical course, treatment and prognosis differ for each category. Presence
of bloody dysentery will give clue towards STEC - HUS. As detection of toxins and serological tests is not available, stool culture for
enterohaemorrhagic E.Coli, shigella and salmonella may be helpful if samples are collected before initiating treatment.

A high index of suspicion must be kept for aHUS in asynchronous, non diarrhea associated HUS, as in a local study 25 cases have reported
over a period of 15 months."” (sample sent to Boston Medical School for genetic work up). Exclusion of TTP by measuring ADMTs 13
1s not mandatory as TTP is rare in children. However, DIC, malaria and autoimmune disorders need to be ruled out.

Clinical findings like septicemia, meningitis, and/or pneumonia with empyema will be suggestive of strep. Pneumoniae infection, whereas
neurologic symptoms, megaloblastosis and leukopenia are unique features that are related to the metabolic defect of cobalamin. Supportive
management is the basis of therapy in all forms of HUS. Meticulous care of fluid and electrolyte disturbances especially fluid overload
once AKI sets in. Early dialysis should be instituted when required. Platelet transfusion should be avoided unless platelet count is
<10,000/ul or to enable vascular catheter insertion. Blood transfusions is recommended for patients with hemoglobin 6<gm/dl or
hemodynamic instability.

Since, genetic analysis for mutation is not available locally, all patients clinically suspected of having aHUS should be treated in specialized
centres with facility for dialysis and/or plasma exchange. They should be offered a trial of PEX and/or plasma infusion (PI) as early as
possible. PEX is an alternative option if eculizumab is not available.

The facility for transplant is available in couple of centers, isolated liver transplantation or a combined liver and kidney transplantation
may be offered wherever indicated. Last but not the least, resources need to be diverted to improve diagnostic facilities and to provide
optimal infra structure to make a difference in terms of morbidity and mortality.
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