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Hemolytic uremic syndrome
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Abstract

Hemolytic uremic syndrome (HUS) is a clinical syndrome characterized by the triad of thrombotic microangiopathy, thrombocytopenia, and acute
kidney injury. Hemolytic uremic syndrome represents a heterogeneous group of disorders with variable etiologies that result in differences in pre-
sentation, management and outcome. In recent years, better understanding of the HUS, especially those due to genetic mutations in the alternative
complement pathway have provided an update on the terminology, classification, and treatment of the disease. This review will provide the updated
classification of the disease and the current diagnostic and therapeutic approaches on the complement-mediated HUS in addition to STEC-HUS
which is the most common cause of the HUS in childhood. (Turk Pediatri Ars 2015; 50: 73-82 )
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Introduction

Hemolytic uremic syndrome (HUS) is a clinical syn-
drome characterized with the triad of microangiopathy
hemolytic anemia, thrombocytopenia and acute renal
damage. It is one of the most common causes of acute
renal damage in children. The clinical findings in he-
molytic uremic syndrome occur as a result of throm-
botic microangiopathy (TMA). The pathological lesion
is thickening of arterioles and capillary walls, endothe-
lial swelling and detachment. Fibrin and platelet-rich
thrombi lead to obstruction in the vascular lumen.
Many tissues and organs including mainly the kidney
are affected (1).

Thrombotic microangiopathies represent a group of
distinct disorders with different etiologies and patho-
genesis. There are two main disease groups: HUS and
thrombotic thrombocytopenic purpura (TTP) (1, 2).
These two diseases had been used interchangably for
long years and attempted to be differentiated with their
clinical properties. Current knowledge indicates that
both diseases have their own etiologies and pathogen-
esis. Thrombotic thrombocytopenic purpura occurs in

deficiency of a metalloproteinase (ADAMTS 13) which
cleaves von Willebrand factor in plasma or in presence
of antibody against this. It is differentiated from HUS
by decreased ADAMSTS 13 activity (<10%) (3). Shi-
ga-toxin (Stx) producing Escherichia Coli (STEC) is the
most common cause of HUS, called as STEC-HUS. In
the childhood, complement-related HUS constitutes
the majority of HUS cases other than STEC-HUS (4).

In recent years, better understanding of the HUS, espe-
cially those due to genetic mutations in the alternative
complement pathway have provided an update on the
terminology, classification, and treatment of the dis-
ease. In this article, especially STEC-HUS and comple-
ment-related HUS will be mentioned.

Definition and classification

Traditionally, HUS was classified as diarrhea positive
HUS (D+HUS) and diarrhea negative HUS (D-HUS)
and D+HUS was considered equivalent to typical HUS
and D-HUS was considered equivalent to atypical HUS.
However, the classification of D+HUS and D-HUS has
been quitted, because diarrhea is the triggering factor
in 25-30% of atypical HUS cases.
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Hemolytic uremic syndrome has different etiological
classifications in the literature (2, 5-7). Some of these
classifications overlap with TMA classifications in
terms of underlying diseases. In clinical practice, the
commonly used classification is typical and atypical
HUS classification. Typical HUS is used for STEC-HUS.
On the other hand, some controversies related with the
definition of atypical HUS (aHUS) exist in the literature.
Until recently, the definition of aHUS has been used for
all HUS cases other than STEC-HUS. In recent years,
it has started to be used only for complement-related
HUS by some authors. In the review which was pub-
lished at the time of writing of this article and which
had the characteristics of being an international con-
sensus report for treatment of aHUS, the classification
of HUS was updated and it was stated that limitation
of the definition of aHUS only to complement-relat-
ed HUS was still controversial (8). In this report, it was
recommended that the definition of aHUS should be
limited to the cases of HUS excluding HUS “secondary”
to malign diseases, autoimmune diseases, drugs, organ
transplantation and HIV infection (“HUS with coexist-
ing diseases”). The TMA and HUS classifications which
were included in this article published in April 2015 are
shown in Table 1.

STEC-HUS

Epidemiology

STEC-HUS is responsible of 90% of childhood HUS
cases. The incidence has been reported to be 2-3/100
000 children. It mainly affects children other than epi-
demias. It most commonly occurs in children aged 5-6
years (4, 9). It is observed more commonly in summer
months and rural areas. It occurs after acute gastro-
enteritis which develops with enterohemorrhagic E.coli
(EHEC) which produces Shiga-toxin or Shigella dysen-
teria. The most common agent is enterohemorrhagic
E.coli (70%). The most common serotype responsible of
the disease is E.coli O157:H7 (9). On the other hand,
the great EHEC outbreak which affected Germany and
15 European countries in 2011 occured because of E.
coli 0104:H4 serotype. In this outbreak, a total of 3842
people were affected, HUS developed in 845 and 52
mortalities were reported. In contrary to the previous
outbreaks, more than 80% of the subjects were adults
(the median age: 42) and most patients had a high so-
cioeconomical level (10, 11). In Australia, an outbreak
which caused to hemorrhagic colitis and HUS occured
with E. coli O111 serotype (12, 13). Cases of HUS have
also been reported with different serotypes (026, 0145,
0103) less commonly (14). Shigella dysenteria Type 1 is
responsible of a small portion of STEC-HUS cases; it
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is observed in India, Bangladesh and South Africa. It
causes to a more severe disease picture and the risk of
progression to chronic renal disease is higher (15).

Pathogenesis

Cattle and sheep are the main sources for EHEC. In-
fection in humans generally occurs as a result of con-
sumption of food contaminated with animal stool. The
most common causes include undercooked meat, un-
pasteurized milk and dairy products, fruit juices, water,
fruits and vegetables. Transmission by contact with an-
imals, direct transmission from human to human and
transmission from mother to baby is possible (16-18).
It is most commonly observed in summar and autums
months (9).

Following intake of contaminated food, the bacte-
ria enters the intestines. In the intestines, Stx (STx1
and Stx 2) is secreted by E. coli. These exotoxins are
absorbed in the epithelium of the gastrointestinal
system and reach the target organ. They are bound

Table 1. Classification of thrombotic microangiopathies
(TMAs) (8)

Thrombotic Thrombocytopenic Purpura (TTP)

«  Congenital ADAMTS 13 deficiency

+  Anti-ADAMTS 13 antibodies

HELLP syndrome

HUS

« STEC-HUS

o Streptococcus pneumoniae-related HUS

«  HINI and Influenza-related HUS

«  Cobalamin C defect-HUS

+  DGKE mutation-related HUS

«  Complement-related HUS

Complement gene mutations
Complement factor H antibody

«  HUS with coexisting disease / condition
Infections (HIV)
Solid organ and hematopoetic stem cell transplantation
Malignancy / cancer chemotherapy
Autoimmune disorders (SLE; APS; scleroderma)
Drugs (CNI, sirolimus)
malignant hypertension

o Unexplained HUS

APS: antiphospholipid syndrome; CNI: calcineurin inhibitors; DGKE: diacyl glycerol
kinase epsilon; HIV: human immunodeficiency virus; HUS: hemolytic uremic syn-
drome; STEC: shiga-toxin producing E. coli; SLE: systemic lupus erythematosus
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Figure 1. The effects of Stx in STEC-HUS caused by enterohemorrhagic E. coli (20)

GIS: gastrointestinal system; Gb3: globotriaosylceramide; Stx: shiga-toxin

to globotriaosylceramide (Gb3) which a glycopeptide
surface receptor in the epitehlium of the target organ,
inhibits protein synthesis and leads to endothelial
damage, cell death, increase in inflammatory response
and thrombocyte activation (see Figure 1) (19, 20). It is
thought that the toxin also triggers action on P-selec-
tin which is an adhesion molecule and complement
regulating molecules (19).

Clinical and laboratory findings

Diarrhea begins approximately 3-8 days after intake of
contaminated food. Diarrhea is watery in the begin-
ning and become bloody later. Abdominal pain, nausea
and vomiting accompany diarrhea. Fever is observed
less commonly. HUS develops in 5-15% of the cases
following enterohemorrhagic E. coli diarrhea. The risk
factors for development of HUS include the serotype of
bacteria (O157:H7), type of toxin (Stx 2), age of the pa-
tient (<5 years), use of antibiotic and antimotility drugs,
fever, severe diarrhea, female gender, increased leuko-
cyte count and genetic factors (7, 9, 21). However, there
is no sufficient evidence for any of them.

Hematological findings and renal findings constitute
the main clinical picture of the disease. Patients pres-
ent with the findings created by this clinical picture.
Palor, malaise, loss of appetite, nausea and vomiting
may be observed. Decreased urine output may be rec-
ognized by some patients or edema may be a chief
complaint. Laboratory findings related with the clas-
sical triad of the disease (microangiopathic hemolytic
anemia, thrombocytopenia and acute renal damage)
are present.

Microangiopathic hemolytic anemia: Anemia develops
as a result of mechanical damage to erythrocytes while
passing through the renal capillaries obstructed with
microthrombi and fragmentation of erythrocytes. Ane-
mia has the following properties:

« Hemoglobin <10 g/dL, frequently <8 g/dL

« Negative Coombs test

« Increased reticulocyte count

« Increased serum lactic dehydrogenase (LDH) level

» Decreased serum haptoglobulin level

» Fragmented erythrocytes on peripheral blood
smear (helmet cells, schystocytes)

Thrombocytopenia: The platelet count is below 150
000/mm?® (commonly <40 000/mm?). Bleeding is ob-
served rarely.

Acute renal damage: There may be different degrees
of renal involvement. Hematuria, proteinuria and in-
crease in serum creatinin are the most important in-
dicators of renal damage. Increased blood pressure
is another important finding. It occurs as a result of
increased intravascular volume or ischemia due to
TMA. Oliguria or oligoanuria may occur. Dialysis is
needed becasue of severe renal damage in more than
half of the cases (22, 23). Renal pathology is related
with glomerular TMA. Preglomerular arterioles and
glomerular capillaries are affected. Glomerular TMA
is characterized with thickening in the capillary wall,
swelling in the endothelial cells and obstruction in the
capillary lumen. Rarely, cortical necrosis related with
ischemia may be observed (24).

Findings related with the other organs/systems: In he-
molytic uremic syndrome, any tissue or organ may be
affected in relation with TMA. In some patients, multi-
ple organ involvement may be observed and the possi-
bility of mortality is high. In 25-30% of the cases, cen-
tral nervous system involvement are present. Lethargy,
irritability and seizure are the most common findings.
Less frequently coma, stroke, hemiparesia, brain edema
and cortical blindness may be observed (9, 22). Severe
hypertension may lead to central nervous system find-
ings. Gastrointestinal involvement is common; hemor-
rahgic colitis, ileum/colon perforation, rectal prolapsus,
cholestasis, pancreatitis, transient diabetes and perito-
nitis may occur (25). Increased troponin I level may be
observed in relation with myocardial ischemia (26).
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Diagnosis

The diagnosis is made clinically with hemolytic ane-
mia, thrombocytopenia and renal damage which occur
suddenly in a patient with a history of diarrhea in the
last two weeks. For a definite diagnosis STEC infection
should be proven (demonstration of Stx with stool se-
rologic tests or stool cultures). Renal biopsy is not nec-
essary for making a definite diagnosis.

Differential diagnosis

The differential diagnosis should be made with the

other conditions causing to TMA.

» Disseminated intravascular coagulation (DIC): pro-
thrombin and partial thromboplastin times (PT and
a PTT) are prolonged. Fibrinogen, Factor V and
Factor VIII levels are decreased. It is differentiated
from HUS with these findings.

« Thrombotic thrombocytopenic purpura: the diag-
nosis is made with the finding of a ADAMTS 13 ac-
tivity of <10%.

« Complement-related HUS: It may occur at any age
starting from the neonatal period. It is differenti-
ated from STEC-HUS with its recurrent character
and familial history. Serologic and genetic tests
related with the alternative complement system
[serum complement 3 (C3) level, complement fac-
tor H and I level, demonstration of anti-factor H
antibody, genetic mutations of the proteins related
with the complement system] are valuable in the
diagnosis. Decreased seum C3 level is an important
finding, but a normal level does not exclude com-
plement-related HUS. A slight decrease in C3 may
be observed in some cases of STEC-HUS.

« Penumococcus-related HUS: Patients affected have
a history of severe pneumococcus infection. The
diagnosis is made definitely with growth of Strep-
tococcus Pneumoniae in blood, pleural fluid or cere-
brospinal fluid cultures or demonstration of T anti-
gen in the erythrocytes.

« HINI and Influenza-related HUS: the diagnosis is
made by demonstration of the agent with culture
and polymerase chain reaction (PCR).

« Hereditary cobalamin metabolism disorder: al-
though it may occur at any age, it should be espe-
cially considered in the differential diagnosis in
cases of HUS which occur in the neonatal period
and early infancy. The blood homocysteine lev-
el is increased and methionine level is decreased.
Blood and/or urinary metyl-malonic acid levels
are increased (organic acid chromatography). The
definite diagnosis is made by demonstration of
MMACHC mutation.
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+ Secondary HUS: History of an accompanying con-
dition, drug usage or presence of non-STEC infec-
tion suggests the diagnosis of secondary HUS.

Treatment

There is no specific therapy. Priority should be given to
supportive treatment.

Supportive treatment: Adjustment of fluid and electro-
lyte balance, control of blood pressure and regulation
of dialysis and hematological variables constitute the
essentials of supportive treatment.

Fluid and electrolyte treatment: This is evaluated accord-
ing to the fluid status and renal function of the patient.
In the begining of the disease, vomiting, diarrhea and
decreased oral intake may lead to dehydratation. In this
case, fluid support with appropriate electrolyte content
is given. In presence of hypertension and edema, fluid
restriction is applied. In patients with oliguria, edema
and hypertension, the daily fluid which should be giv-
en is calculated as follows=insensible losses (400 cc/m?/
day)+urinary output (mL/h) + additional losses. In pa-
tients with severe fluid loading, furosemid may be tried
(2 mg/kg/dose); treatment is not continued in cases
where no treatment response is obtained. Fluid loading
unresponsive to diuretic treatment and electrolyte dis-
orders unresponsive to drug treatment require dialysis
treatment.

Hypertension: Primarily, increased fluid loading should
be corrected. The first-line drugs in antihypertensive
treatment in the acute period of the disease are calci-
um channel blockers; nifedipin at a dose of 0.25 mg/
kg or amlodipin at a dose of 0.1 mg/kg can be intitated.
In urgent cases of increased blood pressure including
hypertensive encephalopathy, intravenous treatment
is preferred. Sodium nitroprusside (0.5-8 pg/kg/min
intravenous infusion) and esmolol (50-200 pg/kg/min
intravenous infusion) which are available in our coun-
try may be used for this objective. Angiotensin convert-
ing enzyme inhibitors (ACEI) or angiotensin receptor
blockers (ARB) should be avoided in the acute phase.

Dialysis: Symptomatic uremia (uremic encephalopa-
thy, pericarditis, hemorrhage), azotemia (BUN=80-100
mg/dL), severe fluid loading unresponsive to diuretics
(hypertension, heart failure), electrolyte and acid-base
disorders unresponsive to drug medical therapy (K>6.5
mEq/L, Na<120 mEq/L, pH<7.1) and inability to provide
treatment and nutrition because of fluid restriction are
the indications of dialysis treatment.
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Anemia: Erythrocyte transfusion is recommended in
patients with a hemoglobin level of <6 g/dL. Erythro-
cyte transfusion may be needed at higher hemoglobin
levels (<7 g/dL) in symptomatic patients. In patients
with hyperpotassemia and fluid loading, erythrocyte
transfusion should be performed during dialysis. Con-
sidering the possibility of future renal transplantation
leukocyte filter should be used to decrease the risk of
alloimmunization.

Thrombocytopenia: Platelet transfusion is recommended
only for patients with life threatening bleeding or in the
preperation period of surgery.

Plasma treatment: There is no sufficient evidence in-
dicating that administration of plasma or plasma ex-
change is beneficial in STEC-HUS (27). Plasma ex-
change may be useful in patients with neurological
involvement (23).

Eculizumab: Eculizumab is a monoclonal C5 antibody
which inhibits complement activation and used in treat-
ment of complement-related HUS. It can be used in cas-
es of STEC-HUS with neurological involvement (28).

The last two therapies will be explained in detail in the
part of “complement-related HUS”.

Prognosis

The mortality rate is 3-5% in the acute phase. The mor-
tality is generally related with non-renal causes. The
mortality risk is higher in patients with severe neuro-
logical involvement. Dialysis is required in approxi-
mately 2/3 of the cases in the acute phase. The rate of
progression to end stage renal disease (ESRD) is approx-
imately 10% (29). Long term complications including
hypertension, proteinuria, chronic renal disease and in-
sulin dependent diabetes may develop in approximately
1/3 of the patients. A long period of oliguria-anuria (>2
weeks) and presence of global/segmental sclerosis and
interstitial fibrosis in renal biopsy are the best findings
indicating a poor prognosis for renal involvement (27).
Recurrence after renal transplantation is not expected
in STEC-HUS.

COMPLEMENT - RELATED HUS

In the childhood, complement-related HUS constitutes
the majority of HUS cases excluding STEC-HUS. It oc-
curs as a result of uncontrolled activation of alternative
complement pathway. It is a rare disease. Although it
may occur at any age from the neonatal period to adult-
hood, it mostly affects children and adolescents. In the
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childhood, it is observed with a equal frequency in girls
and boys. The first attack occurs below the age of 2
years in approximately 70% of the cases and below the
age of 6 months in 25% (30). It may occur sporadically
or it may be familial. The prognosis of the disease is
poor; end stage renal disease develops in approximately
50% of the patients (31).

Etiology and Pathogenesis

The majority of complement-related HUS occur as
a result of genetic mutation of complement factors,
whereas a small portion (5-6%) occur as a result of
antibodies produced against complement proteins
(31-33).

Complement factor H (CFH), complement factor I
(CFI), membrane cofactor protein (MCP or CD46) and
thrombomodulin (THBD) which are regulatory pro-
teins of the alternative complement pathway and C3
and complement factor B (CFB) which are C3 conver-
tase proteins are involved in the pathogenesis of the
disease (6). Mutations in the genes encoding these pro-
teins lead to uncontrolled activation in the alternative
complement pathway (6, 32, 34). Activation of the com-
plement system leads to overproduction in membrane
attack complex (C5b-C9 complex) and C5a. Membrane
attack complex causes to endothelial cell death, edema
and cell growth. This triggers increase in prothrombot-
ic substances in the subendothelial area, activation of
the coagulation system and fibrin deposition. C5a is
a strong anaphlatoxin and causes to chemotaxis, leu-
kocyte and endothel activation. Vascular permeability
increases. Cellular fragmentation, inflammation and
thrombosis result in obstruction in the microvascular
area (6, 7, 32, 34).

Genetic Mutations

Factor H mutations: These mutations are the mu-
tations of the gene encoding complement factor H
which is one of the regulatory proteins of the alterna-
tive complement system. This the most common ge-
netic mutation found in cases of complement-related
HUS (20-30%). It may occur at any age from the neo-
natal period. It is most commonly observed in infan-
cy and early childhood (6). The patients with factor H
mutation have the poorest prognosis among the cases
of complement-related HUS; mortality or progression
to ESRD occurs with a rate of 50-70% in the first one
year (35).

It has both autosomal recessive and autosomal domi-
nant types. More than hundered mutations have been
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defined until now. Serum CFH levels are very low in
some mutations and normal or slightly low in some
other mutations. Serum C3 levels are found to be low
in 30-50% of the cases (31, 35, 36). Therefore, normal
serum CFH and C3 levels do not exclude the possibility
of CFH mutation.

Membrane cofactor protein (MCP or CD46) mutations:
These mutations are the mutations of CD46 which is
one of the regulatory proteins of the alternative com-
plement system and also known as MCP. More than
fourty mutations have been defined. Most of the muta-
tions are heterozygous. Some are homozygous or com-
pound heterozygous. MCP mutation is found in 5-15%
of the cases of complement-related HUS. It is observed
more commonly in children compared to adults. Serum
C3 level is decreased in less than 1/3 of the cases. Renal
disease is the group with the best prognosis. The risk of
recurrence is low after renal transplantation (30, 31, 36).

Factor | mutations: Complement factor I is the cofactor
of MCP and factor H. CFI mutations have been found
in 4-10% of the cases of complement-related HUS.
There are about 40 mutations most of which are het-
erozygous. Serum C3 level is found to be decreased in
approximately 1/3 of the cases. The prognosis of the
disease is better compared to CFH mutations, but worse
compared to MCP mutations. Progression to ESRD is
50-60% in the first two years (30, 31, 37).

C3 mutations: Heterozygous C3 mutations are respon-
sible of 2-10% of the cases of complement-related
HUS. Complement C3 constitutes the active parts of C3
convertase together with CFB. Complemet 3 mutations
cause to continuous activation of C3 convertase. This
activation can not be controlled by the regulatory pro-
teins of the alternative complement system. Serum C3
level is decreased in approximately half of the patients.
This decreased level continues during the attack inter-
vals. The prognosis of the disease is poor; the rate of
progression to ESRD is high (60-80%). The recurrence
rate after renal transplantation is 40-70% (6, 31, 38, 39).

Factor B mutations: They are observed with a lower rate
compared to the other mutations (1-4%). Complement
factor B mutations lead to continuous activation of the
alternative complement pathway. Serum C3 level is de-
creased. ESRD develops in 70% of the cases. Although
a limited number of patients has been reported, recur-
rence resulting in graft loss has been observed in all
patients after transplantation (31, 36, 40).

Thrombomodulin mutations: Thrombomodulin is a
cofactor enabling CFI-mediated C3b inactivation. The
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mutated gene causes to complement activation. Het-
erozygous thrombomodulin mutation is found in 3-5%
of the cases of complement-related HUS. Serum C3 is
decreased in approximately 60% of the patients (31, 41).

Complement factor H antibodies

Complement factor H antibodies are found to be pos-
itive in approximately 6-10% of the cases of aHUS.
These antibodies prevent CHF from binding to C3b
and cellular surface. In most cases, serum CFH-related
protein (CFHR) 1 and 3 are decreased. In these cases,
CFHRI1 and CFHR3 homozygous mutations are pres-
ent. The serum CFH level may be normal or decreased
(20%); the C3 level is decreased in approximately half
of the cases. It is observed most commonly in children
aged between 5 and 13 years. The risk of progression to
end stage renal disease is 30-40% (33, 42).

Clinical findings

There is a triggering infection in more than half of the
cases. This is mostly an upper respiratory tract infection
or acute diarrhea. Onset with diarrhea has been report-
ed with a rate of 23-28% in cases of aHUS (30, 31, 36).

Generally, there is a sudden onset. Patients may present
with complaints including palor, malaise, restlessness,
vomiting and sometimes edema. As in all cases of HUS,
there are clinical and laboratory findings related with
the damage to the tissues, organs and systems caused
by TMA. The majority of the patients show the findings
of the classical HUS triad including microangiopathic
hemolytic anemia, thrombocytopenia and acute renal
damage (see. STEC-HUS). Hypertension is common
and severe; heart failure and neurological complications
may be observed. Extrarenal findings occur in 20% of
the cases; the most common extrarenal finding is central
nervous system involvement; multiple organ involve-
ment is present in 5% of the cases (30, 31).

Diagnosis

The diagnosis is made by clinical and laboratory find-
ings of microangiopathic hemolytic anemia, thrombo-
cytopenia and acute renal damage and demonstration
of the disruption in regulation of the complement sys-
tem. Decreases serum C3 level is a warning finding.
C4 is normal in all patients. The definite diagnosis is
made by serological and genetic tests related with the
complement system. Serum CFH, CFI and CFB levels,
anti-factor H antibody measurement and genetic mu-
tations of the complement proteins are the tests per-
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Table 2. Clinical and laboratory properties of the diseases causing to complement-related HUS (6, 8, 43)

Frequency Recurrence after
Subgroup (%) Age of onset a3 ESRD(%) Recureence (%) transplantation
CFH 20-30 <2 years N/| 50-70 50 75-90%
CFL 4-10 < 2years N/| 50-60 10-30 45-80%
MCP 5-15 >1 years N/| <20 70-90 <20%
C3 2-10 Any age l 60-80 50 40-70%
CEFB 1-4 1 month l 50-70 Yes 100%
THBD 3-5 6 month N/| 50-60 30 1 patient
Anti-CFH 6 5-13 years N/| 30-40 10-60 Yes

C3: complement 3; CFB: complement factor B; CFH: complement factor H; CFI: complement factor I; HUS: hemolytic uremic syndrome; MCP: membrane cofactor protein;

ESRD: end stage renal disease; THBD: thrombomodulin

Table 3. Subjects with suspicious atypical HUS

A history of diarrhea in the last 15 days
Age <6 months

Recurrent HUS

Suspicious previous HUS

Familial history of HUS

Recurrent HUS after transplantation

Complement 3 (C3) level |

formed for this objective. However, these tests are not
widely used and easily applicable.

The disease which cause to complement-related HUS
show differences in terms of age of onset, laboratory
findings and prognosis. These differences give an idea
both in terms of the diagnosis and prognosis, but the
definite diagnosis is made by demonstration of the ge-
netic mutations of the proteins in the complement sys-
tem as mentioned before. The clinical and laboratory
properties of the diseases causing to complement-re-
lated HUS are summarized in Table 2 (6, 8, 43).

Differential diagnosis

Differential diagnosis should be made with the other
HUS types and TTP. The cause in 90% of the cases of
HUS in the childhood is STEC-HUS. There is no suspi-
cion in terms of the diagnosis in cases with a history of
diarrhea in the prodromal period where STEC infection
has been proven. However, it should be kept in mind
that a history of diarrhea is present in approximately
1/3 of the cases of aHUS.

aHUS should be considered in patients who had a HUS
attack before, who have a positive familial history, who
were diagnosed with HUS below the age of 6 months

and who have had no history of diarrhea before the
HUS attack (in the last 15 days) (see Table 3). The ap-
proach for patients who are thought to have aHUS is
summarized in Table 4.

Treatment

Supportive treatment is explained in detail in the part
of “STEC-HUS”. Here, plasma treatment and eculizum-
ab treatment which are specific therapies for the dis-
ease will be explained.

Plasma treatment: Plasma treatment is used as the
first-line therapy in patients with aHUS. Fresh frozen
plasma contains normal amounts of CFH, CFI, CFB and
C3. It is possible to remove mutant CFH, CFI, CFB and
C3 and anti-factor H antibodies from the plasma with
plasma exchange. Fluid loading complications related
to high amounts of plasma transfusion can be prevent-
ed with plasma exchange.

Initiation of plasma treatment is recommended as soon
as the diagnosis is made in non-infectious HUS cases.
Plasma treatment is recommended as transfusion of
fresh frozen plasma (FFP) (10-20 mL/kg) or plasma ex-
change (60-75 mL/kg). The primary treatment is plasma
exchange. If this can not be applied, treatment is ini-
tiated with transfusion of fresh frozen plasma. This is
administered for at least 5 days (every day initially) and
completed to 2 weeks. Afterwards, it can be continued
for months by tapering.

Despite appropriate plasma treatment, the rates of full
or parital remission are low and the risk of ESRD is high
(31). Response to plasma treatment varies according to the
involved complement component. Response to plasma
treatment is better in patients with complement factor H
mutation compared to patients with MCP mutaiton (35).
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Table 4. Tests used in the differential diagnosis of atypical HUS

Primary step

Screening for STEC in diarrhea (+) subjects—negative—low probability of STEC-HUS

ADAMTS]13 activity—normal - TTP is excluded
PT, aPTT, fibrinogen—normal—DIC is excluded

Pneumococcus antigen and Streptococcus pneumoniae in cultures—negative—Pneumococcus-related HUS is excluded

HINT1 and influenza—normal—HI1N1 and influenza-related HUS is excluded

Blood homocysteine, urinary and blood MMA—normal—hereditary cobalamin defect is excluded

Serum C3 and C4—C3| and C4 normal—alternative complement pathway defect is considered

Secondary step

Anti-CFH antibodies—positive—anti-CFH antibody HUS
CFH, CFI, CFB levels

CFH, CFI, MCP, C3 and CFB mutations

Tertiary Step

Wide mutation screening

aPTT partial thromboplastin time; C3: complement 3; C4: complement 4; CFB: complement factor B; CFH: complement factor H; CFI: complement factor I; DIC: disseminated

intravascular coagulation; HUS: hemolytic uremic syndrome; MCP: membrane cofactor protein; MMA: metyl malonic acid; PT: prothrombin time; STEC: Shiga-toxin producing

E. coli; TTP: thrombotic microangiopathy

Table 5. Eculizumab treatment doses recommended for
atypical HUS cases (8)
Body weight Initial treatment Maintenance treatment
>40 kg 900 mg weekly 1200 mg, at the 5* week
4 doses 1200 mg every 2 weeks
30-40kg 600 mg weekly 900 mg at the 3" week
2 doses 900 mg every 2 weeks
20-30kg 600 mg weekly 600 mg at the 3" week
2 doses 600 mg every 2 weeks
10- 20 kg 600 mg weekly 300 mg at the 2" week
1 doses 300 mg every 2 weeks
5-10kg 300 mg weekly 1 doses 300 mg at the 2™ week
300 mg every 3 weeks

Eculizumab: Eculizumab is a recombinant monoclo-
nal C5 antibody; it stops complement activation in the
last phase by inhibiting production of C5a and C5b by
binding to C5. Although it has been used in treatment
of paroxysmal nocturnal hemoglobinuria, it has been
started to be used only recently in treatment of HUS.
Positive results including both hematological remis-
sion and increase in the glomerular filtration rate have
been reported in patients who are unresponsive to plas-
ma treatment or who have partially controlled disease
under plasma treatment (44).

Considering the poor prognosis of the disease, limit-
ed effects of plasma treatment and requirement for an

intravenous access for plasma exchange, tendencies
to administer eculizumab treatment as the first-line
therapy especially in children have increased. Thus,
eculizumab treatment was recommended as the first-
line therapy in children with aHUS in the international
consensus report published very recently (8). In patients
in whom eculizumab treatment can not be initiated in
24-48 hours, plasma transfusion or plasma exchange is
recommended. The eculizumab doses recommended
for treatment of aHUS are shown in Table 5.

All patients receiving eculizumab treatment should be
vaccinated against Neisseria meningitidis, Streptococcus
penumoniae and Haemophilus influenza type B. Prophy-
lactic treatment with penicilin should be given in pa-
tients who are too young to be vaccinated with menin-
gococcus vaccine or in whom treatment has had to be
initiated before vaccination.

Liver-kidney transplantation: Factor H is a protein
which is primarily synthesized in the liver. Liver trans-
plantation alone or liver-kidney transplantation in
combination can be performed in patients with known
CFH or CFI mutation (45).

Kidney transplantation: Kidney transplantation can
be performed in patients who have developed end
stage renal diseases. However, recurrence rates range
between 20% and 100% depending on the type of
mutation. The possibility of graft loss is very high in
cases of recurrence. The lowest risk in terms of re-
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currence after transplantation is observed in patients
with MCP mutation (35, 43, 46). Therefore, it has been
recommended that genetic mutations be determined
before transplantation and renal transplantation be
performed with prophylactic eculizumab treatment in
cases of risk (8).

Immunosupressive treatment: In cases of HUS with
anti-factor H antibody, corticosteroids, cyclophospha-
mide and rituximab therapies are recommended in ad-
dition to plasma exchange (8).
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