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Abstract
Background Hemolytic uremic syndrome (HUS) is the most
common cause of acute renal failure in childhood. It usually
occurs after a prodromal episode of diarrhea and it leads to
significant morbidity and mortality during the acute phase.
However, cases that start as diarrhea-positive HUS whose renal
function fail to recover should be screened for genetic disorders
of the complement system, which is called atypical HUS
(aHUS).
Case-Diagnosis/Treatment We herein report a 10-year-old
girl, who initially came with bloody diarrhea and had features
of HUSwith delayed renal and hematological recovery despite
plasma therapy. Eculizumab (600 mg/week) was initiated on
day 15 for atypical presentation and later a complement factor I
(CFI) mutation was detected. The girl recovered diuresis with-
in 24 h and after the third eculizumab infusion, hemoglobin,
platelet, and C3 levels normalized; renal function improved;
and proteinuria completely disappeared in 2 weeks.
Conclusion It is our belief that eculizumab can be the treatment
of choice in children who have plasma exchange-refractory HUS
with defective regulation of the alternative complement pathway.

Introduction

Hemolytic uremic syndrome (HUS) is characterized by
the triad of microangiopathic hemolytic anemia, throm-
bocytopenia, and acute kidney injury [1]. It usually

occurs after a prodromal episode of diarrhea, frequently
bloody [2]. Approximately 10% of HUS cases are in the
“atypical” category and 50% of these are associated
with an impairment in regulation of the alternative com-
plement pathway [1]. Mutations in complement 3 (C3),
factor H (FH), factor I (FI), factor B (FB), and mem-
brane cofactor protein (MCP) genes are associated with
atypical HUS, and the frequency of complement FI
(CFI) mutations varies between 2 and 11.3% [3]. We
describe a child, who initially came with bloody diar-
rhea, was diagnosed with plasma therapy-refractory
HUS and CFI mutation, and was effectively treated with
eculizumab.

Case report

A 10-year-old previously healthy girl, born to noncon-
sanguineous parents, was referred to our emergency
department with a history of fever, abdominal pain,
vomiting, and bloody diarrhea of 3 days’ duration. On
admission, physical examination was normal. Initial
blood count, complete blood chemistry, and urinalysis
were normal. There were white blood cells (leukocytes)
and amebic cysts under microscopic examination of the
feces. Metronidazole therapy was started orally and she
was followed as an outpatient.

One day later, the patient was admitted to hospital
for the second time with severe bloody diarrhea and
anuria. On clinical examination, the child’s heart rate
was 100/min, blood pressure was 103/57 mmHg and
temperature was 37.5°C. Systemic examination showed
abdominal tenderness. Laboratory investigations showed
anemia with a hemoglobin level of 8.5 g/dl, total leu-
kocyte count of 11,800/mm3, platelet count of 54,000/
mm3, and corrected reticulocyte count of 6%. The pe-
ripheral blood smear demonstrated fragmented red blood
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cells and thrombocytopenia. Coombs test was negative.
Her blood level of urea was 102 mg/dl, creatinine was
2.48 mg/dl, lactate dehydrogenase (LDH) was 1,796 IU/
l (normal <400 IU/l) ,and C3 level was 76 mg/dl
(normal 83–177 mg/dl). We could not measure FI, FH,
and factor B levels, and factor H autoantibodies. Stool
analysis was negative for leukocytes, parasites, Salmo-
nella, Shigella, and enterohemorrhagic Escherichia coli
(EHEC). Because of severe bloody diarrhea, hemodial-
ysis was commenced instead of peritoneal dialysis and
transfusion of packed red blood cells was instigated.
She continued to be oligo-anuric, thrombocytopenic,
and anemic. Her renal failure progressed; creatinine rose
to 8.5 mg/dl, and anemia became severe with a hemo-
globin level of 7.3 g/dl. On the fourth day of admission,
plasma exchange (PE) treatment with 150% plasma
exchange volume was started because of low C3 levels,
progression of renal failure, and anemia with the consider-
ation of atypical HUS (aHUS). Mutational analysis was neg-
ative for CFH, CFB, and MCP genes. However, a
heterozygous K434R mutation was found in exon 10 of the
CFI gene (Fig. 1a).

After ten sessions of daily PE, her urinary output was
200 ml/day with estimated glomerular filtration rate
(eGFR) of 16 ml/min/1.73 m2 and proteinuria 126 mg/m2/
h. She developed persistent low platelet and hemoglobin
levels and renal failure under PE (Fig. 1b). Given the

devastating renal prognosis in HUS despite PE, eculizumab
(600 mg/week) was administered on the 15th day of admis-
sion. The girl recovered diuresis within 24 h, which allowed
discontinuation of hemodialysis. After the third eculizumab
(600 mg/week) infusion, hemoglobin (11.4 g/dl), platelets
(254,000/mm3) (Fig. 1b), and C3 levels normalized, renal
function improved (creatinine level was 0.5 mg/dl and eGFR
rose to 108 ml/min/1.73 m2), and proteinuria completely
disappeared within 2 weeks.

Eculizumab was well tolerated with no infusion-related
or infectious complications. It was discontinued after the
third infusion and the patient was discharged. The patient
has remained in full remission for the past 4 months
(Fig. 1b).

Discussion

Hemolytic uremic syndrome is a common cause of acute
kidney injury in children [4]. It can be classified as diarrheal
associated HUS (D+HUS) and nondiarrheal/atypical HUS
(aHUS). D+HUS is the most common form and is due to
gastrointestinal infection triggered by Shiga-toxin produc-
ing Escherichia coli (STEC), Shigella, and rarely by Ent-
amoeba histolytica [4, 5]. The atypical form has been
associated with complement dysregulation and occurs in
10% of cases [1]. In many aHUS patients, an infectious

Fig. 1 a K434R heterozygous mutation in the CFI gene. b Summary of
laboratory values of this patient with hemolytic uremic syndrome before
and after eculizumab administration: Eculizumab was initiated at a dose
of 600mg/week on the 15th day of admission after the patient failed to

respond to daily therapeutic plasma exchange. It was discontinued after
the third infusion. The hemoglobin levels remained stable (13.9 gr/dl)
with normal platelet counts (230,000/mm3), the renal function progres-
sively improved (creatinine: 0.5 mg/dl) for the past 4 months

2328 Pediatr Nephrol (2012) 27:2327–2331



Fig. 1 (continued)
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process such as diarrhea is identified 1–2 weeks before HUS
onset. On the other hand, a genetic component may also
contribute to some D+HUS cases [6]. It is important to note
that low levels of C3 may indicate complement dysregula-
tion and patients who start as D+HUS, but whose renal
function fails to recover, should be evaluated further for
the possibility of aHUS [7, 8].

In our patient, bloody diarrhea was evident on admission,
but stool analysis was negative for leukocytes, parasites, Sal-
monella, Shigella, and enterohemorrhagic Escherichia coli
(EHEC). Hemodialysis was started as soon as possible, but
renal failure progressed and the C3 levels were found to be low.
The delay in recovery suggested the possibility of aHUS and
we undertook mutational analysis of complement factor genes.

Most cases of aHUS (50%) are strongly associated with
mutations in genes encoding CFH, CFI, and MCP [9], and
approximately 10% of children with aHUS have anti-CFH
autoantibodies. Our patient was found to be heterozygous for a
CFImutation (ensemble accession number ENST00000512148
was used for K434R mutation; NT_016354.17 accession num-
ber was used for determination of the samemutation, but named
K441R [rs41278047] in the NCBI database), but negative for
CFH and MCP mutations. CFH autoantibodies could not be
investigated.

Most patients with HUS and CFI mutations are hetero-
zygous, and to date 40 case reports with CFI mutations
related to clinical descriptions of HUS have been published
[3]. The heterozygous mutation we found has to our knowl-
edge not been described in HUS patients before. HUS onset
in patients with CFI mutations following an infectious epi-
sode, such as diarrhea or upper respiratory tract infection,
has been noted in 63% of patients [3]. In our patient we
hypothesize that the dysentery predisposed the child, who
was sensitive because of the CFI mutation, to develop HUS.

In FI-associated aHUS the overall prognosis is poor and
more than 50% develop end stage renal disease (ESRD) or
die during the first episode or within 1 year after the onset
[3]. Plasma exchange is recommended for the management
of HUS [3, 10, 11]. However, this invasive procedure,
which requires a central venous catheter, can cause frequent
allergic reactions and other complications. In our patient PE
was initially thought to be effective, but despite 10 sessions
of PE, hemoglobin and platelet levels were low, and renal
failure continued, which was a cause for concern and indi-
cated the possibility of aHUS.

New treatment agents like eculizumab, the monoclonal
C5 antibody against terminal complement protein C5, have
recently been reported in the treatment of aHUS and severe
neurological or cardiovascular involvement D+HUS
[12–15]. To date no severe side effects of eculizumab have
been documented in the reported cases of aHUS. However,
this treatment increases the risk of infection by encapsulated
organisms, such as Neisseria meningitidis, Haemophilus

influenzae, and Streptococcus pneumoniae. Vaccination
against these pathogens is necessary at least 2 weeks prior
to initiation of eculizumab [13–15]. The optimal duration of
eculizumab treatment in children with HUS remains unclear
and there are currently no clear recommendations available.
Most authors suggest giving eculizumab every 2 weeks
because of the possibility of relapse [13–15]. However, this
is a new therapy and eculizumab may cause long-term side
effects when used for a long time. Given these concerns
regarding side effects, we only gave eculizumab three times
and followed up the patient closely (weekly) for relapse of
HUS. Our patient has remained in full remission for the past
4 months with serum creatinine 0.56 mg/dl.

To our knowledge, there is only one reported adult patient
with a CFI mutation associated with aHUS who was treated
with eculizumab. In that case, eculizumab was given four
times weekly, continued every 2 weeks, and her last creati-
nine was 2.7 mg/dl [15].

In conclusion, to the best of our knowledge, our case is the
first reported child with a heterozygous CFI mutation and
HUS to be treated with eculizumab. We achieved a high and
sustained response. Eculizumab should be considered as a
first-line therapy for children if they have identified comple-
ment regulatory factor mutations and PE-refractory HUS.
Future clinical trials in children with HUS are necessary to
determine if successfully treated patients will require prophy-
lactic therapy, and to demonstrate the safety of eculizumab.
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