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Abstract
Background We report the case of a patient with Shiga toxin
(Stx)-associated hemolytic-uremic syndrome (HUS) (STEC-
HUS) with a concomitant heterozygous mutation of the gene
coding for complement Factor H (CFH).
Case diagnosis/treatment An 18-month-old patient presented
with hemolytic anemia and thrombotic microangiopathy in
the context of acute gastroenteritis. While the patient did not
show kidney or other organ failure, he had persistent hemoly-
sis and complement 3 activation (low C3), leading to the de-
cision to commence immunotherapy with eculizumab
(Soliris®) together with transient antibiotic coverage and me-
ningococcal vaccination. Patient outcome was favorable.
Diagnostic work-up identified Escherichia coli-associated
Type 2 Shiga toxin. Complement analysis showed a heterozy-
gous mutation of the CFH gene (c.2103 G>A, p. Trp701X)
resulting in a quantitative CFH defect.
Conclusions We report a case of STEC-HUS with a quantita-
tive CFH defect caused by a mutation of theCFH gene. To the
best of our knowledge, very few cases of STEC-HUS with
complement gene mutation have been reported, but none to
date with a CFH mutation. We therefore suggest that comple-
ment analyses be performed in patients diagnosed with STEC-

HUS in association with low C3 levels, especially in patients
presenting with severe or unexpected clinical symptoms.
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Background

Hemolytic uremic syndrome (HUS) is a non-immune disease
characterized by hemolytic anemia, low platelet count and
renal impairment [1]. There are two types of HUS. The first
is secondary to Shiga-like toxin (Stx)-producing Escherichia
coli (STEC). While bacteria-induced bloody diarrhea de-
velops in the majority of patients with STEC-HUS, the prev-
alence of cases without diarrhea is reported to be 25 % [1].
STEC-HUS is most frequent in children, with an annual inci-
dence of 6.1 cases per 100,000 children under 5 years of age
[1, 2]. The second type of HUS, representing 10% of all cases,
is called atypical hemolytic uremic syndrome (aHUS) [1, 2].
aHUS is a heterogeneous disease which is associated with an
uncontrolled activation of the complement alternative path-
way (AP) in more than half of cases [2, 3]. This complex
complement-mediated disease induces thrombotic microangi-
opathy with possible lesions in kidney, brain, heart, lung,
gastro-intestinal tract and pancreas [2]. aHUS can be sporadic
or familial [4], and there is a link between aHUS and genetic
abnormalities in complement AP regulatory genes, including
complement Factor H (CFH), Factor I (CFI), C3, membrane
cofactor protein (MCP/CD46) and Factor B (CFB) [4, 5]. The
prognosis of patients with aHUS is poor compared to that of
patients with STEC-HUS, with more progression to end-stage
renal disease (ESRD) (>50 %) and higher mortality (6.8 %
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during the first year in children in a French cohort) among the
former [2, 5].

Despite recent in vivo [6, 7] and in vitro [8, 9] evidence for
complement involvement in STEC-HUS, complement work-
up is currently not felt to be necessary in patients with STEC-
HUS. Here we report a child with STEC-HUS and a hetero-
zygous CFH mutation resulting in low systemic CFH levels
and complement AP overactivation.

Case report

A previously healthy 18-month-old boy with a non-
contributory (personal and family) medical history was hospi-
talized for jaundice, pallor, vomiting, non-bloody diarrhea and
weight loss. The laboratory work-up identified hemolytic ane-
mia with a hemoglobin count of of 4.5 g/dL, hematocrit of
12.8 %, lactate dehydrogenase (LDH) level of 2448 U/L,
schizocytes and a very low haptoglobin level. His platelet
count was 20,000/μL, and he presented with acute renal fail-
ure (serum creatinine 99 μmol/L, urea 14.4 mmol/L).
Although renal functionwas impaired, diuresis was preserved.
Systolic and diastolic blood pressures were on the 99th per-
centile [10]. There were no extra-renal manifestations, such as
neurological complications or cardiac failure. The background
of acute gastroenteritis led to the suspicion of HUS. Despite
the low platelet level, a diagnosis of thrombotic thrombocyto-
penic purpura was not supported, especially in the absence of
neurological symptoms [11]. Two red cell transfusions were
given, and azithromycin treatment was commenced in accor-
dance with our local protocol [12].

Complement component 3 (C3) levels were low (0.52 g/L;
normal range 0.69–1.32 g/L) with normal C4 and total com-
plement levels. Give the patient’s persistent hemolysis, de-
creased C3 level and persistent acute kidney injury, aHUS
was suspected despite the presence of diarrhea. To avoid dial-
ysis, two doses of eculizumab (600 and 300 mg on consecu-
tive days) were given starting on the third day after diagnosis.
This treatment was performed under antibiotic and vaccina-
tion coverage. Treatment response was favorable: platelet
count was normalized at day 9 of the diagnosis, diuresis and
blood pressure stayed normal, the patient did not require dial-
ysis and renal function had normalized by the end of day 10
(Fig. 1). One month after HUS diagnosis, C3 level was nor-
malized (Fig. 1) and hemoglobin was 11.5 g/dL without
schizocytes and with normal haptoglobin level. Blood pres-
sure was below the 95th percentile [10].

Of note, stool analysis was positive for STEC, and Stx2
was identified by PCR analysis, confirming the diagnosis of
STEC-HUS.

Given the low C3 levels, a complete genetic analysis of
complement AP activators/regulators was performed in a ref-
erence center. CFH serum levels [determined using enzyme-

linked immunosorbent assays (ELISA)] were low on two dis-
tinct samples (40 and 57 %, respectively; normal range 65–
140 %), both measured at diagnosis and before the start of
eculizumab treatment. Genetic analysis revealed a heterozy-
gous CFH gene mutation (c.2103 G>A, p. Trp701X). It is
known that this abnormality leads to CFH deficiency as the
mutated gene is unable to encode circulating protein due to a
stop codon. Accordingly, in our patient this heterozygous mu-
tation was associated with low C3 levels and low CFH serum
levels. Multiplex ligation-dependent probe amplification
screening of the CFH-related (CFHR) locus, including screen-
ing for the recently published hybrid CFH/CFHR1 gene, was
negative [13]. However, the homozygous haplotype CFH
tgtgt, defined by a single nucleotide polymorphism database
as being at increased prevalence in patients with aHUS than in
healthy controls, was isolated [2, 14]. Further complement
gene analysis (including MCP/CD46, CFI, CFB) was nega-
tive. There were no anti-CFH autoantibodies. Factor I level
and ADAMTS-13 activity were normal.

The follow-up at 18 months after initial presentation
showed a normal renal function, without hemolysis (hemoglo-
bin 12.7 g/dL, haptoglobin 0.52 g/L, LDH 294 UI/mL). C3
level was near the lower limit of normal (0.67 g/L; normal
range 0.69–1.32 g/L). The patient is still being followed up
at our center.

We suggested to the parents that they also be screened for
this mutation, but they refused. They have no medical history
of renal disease or hemolysis.

Discussion and conclusion

We report a patient with STEC-HUS, without severe organ
failure and a good outcome. Complement analysis identified
a heterozygous CFH mutation (c.2103 G>A, p. Trp701X)
with low CFH serum levels.

CFH is the most important regulatory protein in the com-
plement AP [4]. It is one of the CFI cofactors, each of which
contributes to inhibiting the formation of the AP C3
convertase (C3bBpP) [15]. More than 100 CFH mutations
have been reported to date, of which the majority are hetero-
zygous [4, 5, 16]. There are two types ofCFHmutations. Type
II CFH mutations differ from Type I mutations which are
associated with a decreased CFH serum level [5, 15]. Our
patient’s CFH gene mutation is a Type I mutation, but one
that is not included in any database. This novel mutation leads
to heterozygous CFH deficiency, which has been described to
be associated with C3 consumption by the complement AP
[17].

aHUS occurs more frequently in adults [1], but aHUS with
CFH mutations is more common in children [5, 18]. aHUS
has a poor prognosis, with death or progression to ESRD in
60 % of cases within the first year of life [5, 16]. Of note,
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creatinine levels during the first aHUS episode are predictive
of prognosis [16].

Some triggering events are well known for aHUS, such as
infections (upper respiratory tract infection, fever, diarrhea),
malignancies, drugs, pregnancy and underlyingmedical infec-
tion [1, 4]. Complement mutation is a risk factor for aHUS,
but it is not the direct cause [4, 16]. Identification of an un-
derlying complement mutation is helpful in the determination
of the prognosis, treatment duration and management of re-
currence [5].

With the advent of eculizumab, aHUS treatment has recent-
ly undergone a significant paradigm shift. Eculizumab is a
monoclonal humanized anti-C5 antibody that prevents the ac-
tivation of C5 and, consequently, of the terminal complement
pathway with the formation of the C5b9 lytic membrane at-
tack complex [4, 15]. Eculizumab increases the risk of
Neisseria meningitis infection, and specific vaccination in
combination with transient antibiotic coverage is therefore
mandatory at the time of treatment initiation [15].
Eculizumab has been successfully used in pediatric and adult

patients with aHUS [19], as well as in children with STEC
HUS with severe extrarenal, mainly central nervous system,
manifestations who were refractory to conservative therapy
and plasma treatment [20, 21]. This treatment benefit is in
keeping with recent in vivo observations of evidence for acti-
vation of the complement AP during the acute phase of STEC-
HUS [6, 7] and in vitro findings indicating that Stx is capable
of directly activating the complement system [8, 9].

Indeed, complement seems to be involved in STEC-HUS
in various ways [9, 22–28]. Morigi et al. demonstrated both
in vivo and in vitro that complement activation via P-selectin,
whose expression on the endothelial cell surface is induced by
Stx, is a key mechanism of C3a-dependent microvascular
thrombosis in STEC-HUS [22]. Along the same lines,
Locatelli et al. suggested that generation of C3a in STEC-
HUS promotes an integrin-linked kinase signaling that leads
to podocyte dysfunction and loss [23]. Other explanations
include a role for EspP, a serine protease of E. coli, which
could induce complement downregulation [25]. Ehrlenbach
et al. showed that Stx2 reduces CD59 expression on the

Fig. 1 Biological parameters of
the patient during the course of
the disease. LDH Lactate
dehydrogenase, C3 complement
component 3
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surface of human tubular epithelial and glomerular endothelial
cells [24]. CD59 could play a role in protecting glomeruli
from complement attack. Some authors have shown that there
is probably complement activation in the circulation during
STEC-HUS, firstly on red blood cells, which could play a role
in STEC-HUS hemolysis, and secondly on blood cells and
blood cell-derived microparticles [26, 27].

Previous studies have demonstrated that Stx activates the
complement AP, although the exact physiopathology remains
to be determined. It has also been demonstrated that Stx can
inhibit complement’s most potent fluid phase regulator, CFH
[8, 9, 28]. Stx seems to be an important trigger of aHUS in a
patient who has a CFH defect [15]. On the other hand, Paixao-
Cavalcante et al. showed that Stx2 leads to tubular injury in
CFH-deficient mice, but also in wild mice [29]. In their study,
renal histology of the mice did not show thrombotic microan-
giopathy, probably because Stx globotriaosylceramide (Gb3)
receptors in mouse kidneys are located in the tubular and
collecting duct epithelial cells, and not in glomeruli.
Therefore, these authors were not able to confirm their hy-
pothesis that CFH deficiency increases host susceptibility to
STEC-HUS.

We report on the successful use of early treatment with
eculizumab in a patient with STEC-HUS, but we cannot be
sure that our patient would not have spontaneously recovered.
Treatment escalation was motivated by persistent hemolysis
and a low C3 serum level, as well as to avoid dialysis. Of note,
our patient was subsequently identified as having an underly-
ing CFHmutation (c.2103 G>A, p. Trp701X). Thus, we pres-
ent one of the first cases of STEC-HUS complicated by a
defect in the regulation of the complement AP. Our findings
have significant implications: (1) even though likely rare, the
possibility of an aggravating underlying complement muta-
tion should be considered even in patients with STEC-HUS,
and (2) we provide further rationale for the use of
complement-targeting treatment in STEC-HUS. While it is
premature to claim eculizumab as a standard treatment in
STEC-HUS, even in cases of low C3 serum levels, there
may be a rationale for a randomized controlled trial of its
use in such patients.

aHUS patients can have decreased C3 levels with normal
C4 levels [2]. Low C3 levels indicate an activation of the
complement AP [2, 5], and they are more frequent in patients
with CFH or C3 mutations than in patient without mutations
[18]. However, normal C3 levels do not exclude complement
dysfunction or predict a favorable outcome [1, 16].

Based on our experience, we propose performing comple-
ment analyses in STEC-HUS patients with low C3 levels,
even mildly low levels, as low C3 levels may be induced by
C3 consumption, such as secondary to CFH deficiency [30].
To support this proposal, a study with systematic complement
analysis in current and former STEC-HUS patients would be
interesting.

Our patient had STEC and a CFHmutation. To our knowl-
edge, there are very few reports of patients with STEC-HUS
and a complement gene mutation. Fremeaux-Bacchi et al.
studied 214 aHUS patients who had complement abnormali-
ties [5]. It has also been reported that three patients who had
STEC-HUS at the first episode had subsequent relapses, sug-
gesting the diagnosis of aHUS. Alberti et al. described two
adult patients with heterozygous complement mutations
(MCP/CD46 and CFI) who initially were diagnosed with
STEC-HUS, but who had HUS recurrence in their
transplanted kidney [31]. TheMCP/CD46 and CFImutations
were identified only after HUS recurrence. The heterozygous
MCP/CD46 mutation was identified in the patient’s mother
who had donated the kidney, explaining the recurrence post-
transplant and leading the authors to propose pre-transplant
genetic counseling in patients who develop ESRD following
STEC-HUS.

The cases reported in this context bring up an interesting
discussion of the applicable terminology: as complement ab-
normalities can be considered more as a risk factor than as the
cause of HUS, these cases would by the current definition be
termed STEC and not aHUS. On the other hand, the underly-
ing complement mutations will possibly aggravate disease
precipitation and render the patients susceptible to treatment
with complement-targeting treatments, such as eculizumab.
Therefore, Loirat et al. stated the hypothesis that the classical
classification of diarrhea or non-diarrhea HUS could be mis-
leading because post-diarrheal onset does not exclude genetic
aHUS [4]. Our case and those reported in the literature con-
solidate this hypothesis [5, 16, 31].

In conclusion, we interpret our patient with a CFH muta-
tion as a case of aHUS triggered by a STEC infection. The
classification of a patient classification as STEC-HUS or
aHUS should be done carefully. Complement analyses seem
to be necessary, particularly when CFH or C3 levels are low,
even if STEC is isolated in the stool. Insight gained via these
studies might become useful to inform the treatment choice,
especially in cases of disease recurrence.
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