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Abstract
Background Anti-complement factor H (CFH) autoantibody
(Ab)-associated atypical hemolytic uremic syndrome
(aHUS) has a poor prognosis, but no consensus exists on
its treatment.
Methods We report the follow-up of four children with anti-
CFH Ab (8,000 to >32,000 arbitrary units)-associated aHUS
after plasma exchanges (PEs), prednisone, and cyclophos-
phamide pulse therapy with the evolution of anti-CFH Ab
titers and kidney function.
Results Patient 1 received PEs + prednisone + cyclophos-
phamide pulses after two relapses following PEs and then
PEs + rituximab. The other three patients were treated with

PEs + prednisone + cyclophosphamide pulses as a first-line
therapy. In our four patients, the induction protocol combin-
ing PEs + prednisone + cyclophosphamide pulses led to a
rapid and sustained remission up to 6 years, 4 years and
4 months without any maintenance therapy. Kidney function
was normal and anti-CFH Ab titer decreased, but remained
detectable during remission without any clinical or biologi-
cal signs of relapse.
Conclusions We demonstrate the long-term efficiency and
safety of cyclophosphamide pulses combined with PEs and
prednisone in anti-CFH Ab-associated aHUS leading to a
prolonged decrease in anti-CFH Ab titers and prevention of
relapses without the need for maintenance therapy.

Keywords Acute kidney injury . Anti-complement factor H
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Introduction

Atypical hemolytic uremic syndrome (aHUS) is a rare throm-
botic microangiopathy mostly associated with defective regu-
lation of the alternative complement pathway leading to inap-
propriate chronic complement activation. In 6–10 % of cases,
aHUS is associated with the presence of autoantibodies (Ab)
directed against complement factor H (CFH) resulting in a
functional deficiency of CFH [1–5].

CFH plays a key role in regulating activation of the alter-
native complement pathway at cell surfaces. CFH prevents the
formation of the C3bBb convertase and accelerates its decay,
in addition to mediating proteolytic cleavage of C3b by factor
I. CFH is composed of 20 short consensus repeats (SCRs) and
contains at least two C3b-binding sites. The first binding site
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for C3b is located within the N-terminal domains SCR1-4 and
regulates fluid-phase alternative pathway amplification. The
second C3b-binding site is located in the C-terminal domains
SCR19-20 and is involved in the regulation of alternative
complement pathway activation at the endothelial cell surface.
Anti-CFH Ab block the C-terminal domains SCR19-20 and
impair CFH binding to C3b and to cellular surfaces, leading to
uncontrolled complement activation at the cell surface [1, 3,
4]. Moreover, it has been recently demonstrated that anti-CFH
Ab form immune complexes with CFH at disease onset,
leading to its complete neutralization [5]. This ultimately re-
sults in endothelial cell injury and development of aHUS.

The mechanism implicated in the autoimmunization is not
completely understood but anti-CFH Ab-associated aHUS
seems to be secondary to a combination of acquired factors
and genetic predisposition. Indeed, more than 90 % of pa-
tients with anti-CFH Ab-associated aHUS present a com-
plete deficiency of CFHR1 and CFHR3 associated with a
homozygous deletion of CFHR1 and CFHR3 [6, 7]. These
patients define a novel group of aHUS, termed DEAP HUS
(deficiency of CFHR proteins and CFH Ab-positive). The
lack of circulating CFHR1 and CFHR3 seems to be neces-
sary but not sufficient to develop the disease, since homozy-
gous CFHR1 and CFHR3 deletions are also observed in the
control population [6–8].

Anti-CFH Ab-associated aHUS presents a high relapsing
course and carries a poor prognosis with a progression to
end-stage renal disease (ESRD) in 20–35 % of cases, and a
mortality rate of 10 % [9]. Plasma exchanges (PEs) for
antibody clearance remain the first-line therapy at disease
onset. However, PE cessation is often followed by a rebound
of antibody titers and relapses frequently occur [1, 9, 10].
Therefore the association of immunosuppressive treatment is
recommended, such as steroids, azathioprine, mycophenolate
mofetil, cyclophosphamide, or anti-CD20 monoclonal anti-
body (rituximab). No consensus exists on the duration of
plasmatherapy and the choice of induction and maintenance
immunosuppressive regimen in this disease. Our group previ-
ously reported the remission of anti-CFH Ab-associated
aHUS after PEs and cyclophosphamide pulses in three chil-
dren with a median follow-up of 15 months [11]. We present
herein the long-term follow-up of these children with the
evolution of anti-CFHAb titers and kidney function 4–6 years
after onset. A fourth patient recently received PEs with pred-
nisone and cyclophosphamide pulses at disease onset—his
ongoing follow-up is also presented.

Patients and methods

The main characteristics of the four children at disease onset
and/or at relapses and their treatments are reported in Tables 1
and 2.

Patients

Four patients were diagnosed at our center with anti-CFH Ab-
associated aHUS between 2006 and 2012. The four patients
were white boys aged between 16 months and 11 years and
previously healthy.

The diagnoses of anti-CFH Ab-associated aHUS were
based on the presence of anti-CFH Ab titer > 100 AU [1],
an acute anemia (<10 g/dl) with schistocytes, thrombocytope-
nia (<150 × 109/l) and acute kidney injury (serum creatinine
level > normal values for age and/or estimated glomerular
filtration rate (eGFR) < 90 ml/min/1.73 m2 and/or proteinuria
> 0.5 g/day). GFR was estimated by the modified Schwartz
formula [12].

Stool culture, detection of Shiga toxins in stool, and serum
antibodies against lipopolysaccharides were negative in three
of the four patients. Patient 2 presented an episode of non-
hemorrhagic diarrhea preceding disease onset. Stool culture
showed a non-enteropathogenic Escherichia coli O145, and
anti-O145 immunoglobulin M was detected in the serum.

A scarlet fever-like infection a few days before disease
onset was reported for patient 4.

In each patient, CH50, C4, CFH, complement factor I
(CFI), complement factor B (CFB) antigens, membrane co-
factor protein (MCP) expression, and von Willebrand factor
protease activity (ADAMTS-13 protease) values were nor-
mal, while plasma concentration of C3 was reduced in two of
the four patients. This study was performed according to the
instutional giudelines of our local ethics committee.

Treatment protocols

The treatment protocols of patients 1, 2, and 3 have been
reported previously [11]. Briefly, patient 1 was initially treat-
ed with PEs. After the first relapse, he received PEs +
rituximab. The second relapse was treated with PEs + pred-
nisone + cyclophosphamide pulses 5× 1 g/1.73 m2 (number
of CD19- and CD20-positive cells was 0/μl).

The three following patients were treated with PEs +
prednisone + cyclophosphamide pulses 2× 0.5 g/1.73 m2 as a
first-line therapy, 11–16 days after the onset, in association with
intravenous immunoglobulin (IVIg) infusions in patient 4.

Complement assays

Measurement of CH50 activity in EDTA plasma samples
was performed as previously described [13]. Plasma concen-
trations of the complement components C4, C3, CFB anti-
gens were measured by nephelometry (Dade Behring, www.
dadebehring.com). CFH and CFI antigen concentrations
were measured by sensitive ELISA methods [13]. MCP
(CD46) membrane expression was determined by flow cy-
tometry [13].
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Anti-complement factor H antibody assessment

Anti-CFH Ab were detected using the ELISA method as
previously described [9]. Titers of positive samples were
expressed as arbitrary units per milliliter (AU/ml) and calcu-
lated using a calibration curve obtained with serial dilutions of
a reference positive plasma given an arbitrary titer from 100 to
2,000 AU/ml. The positive threshold was calculated by the
mean + 5 SD of those obtained in the plasma of 100 individual
healthy donors. This titer was determined to be 100 AU/ml,
and titers above this value were considered as positive.

Genomic CFH, CFI, MCP, and C3 DNA sequencing

For genetic analysis, genomic DNA was extracted from
peripheral blood cells. Uncloned genomic DNAwas amplified
by means of a PCR using oligonucleotides flanking each exon
of each of CFH, CFI, MCP and C3 genes. Primer sequences,
length of the PCR amplified fragments, and temperatures
of hybridization used for each reaction, in addition to the
direct DNA sequencing procedure, have been previously
described [13].

Multiplex ligation-dependent probe amplification

The multiplex ligation-dependent probe amplification
(MLPA) reaction was performed as described previously
[6]. Sequences of probes were designed to determine dos-
age for exon 23 of CFH, exon 5 of CFHR1, and exon 3 of
CFHR3 along with the control probe C1INH exon 8. Re-
agents of the MLPA reaction were purchased from MRC
Holland (Amsterdam, The Netherlands), and the reaction
was carried out according to the manufacturer’s recom-
mended protocol.

Results

The follow-up after cyclophosphamide pulse therapy was re-
spectively; 6 years (for patient 1), 4 years (for patients 2 and 3)
and 4 months (for patient 4). All children fully recovered
without relapse. PEs + prednisone + cyclophosphamide pulse
therapy led to rapid remission with normalization of blood cell
count, complement C3 level and urinary sediment, improve-
ment in kidney function, and a prolonged decrease in CFH Ab
titer (Table 3). The time from the first cyclophosphamide
infusion to remission was between 1 and 4 weeks. All main-
tenance treatments could be discontinued in the first three
patients. In patient 1, the dose of prednisone was reduced to
0.5 mg/kg/day within 2 months and then slowly tapered and
stopped after 2 years. In patients 2 and 3, prednisone was
tapered off within 6 months. Concerning patient 4, the dose
of prednisone was gradually reduced to an alternate-day ad-
ministration of 0.6 mg/kg/day after 4 months of follow-up.

The main characteristics of the four children at the last
follow-up are reported in Table 3.

Renal outcome

At the last follow-up, eGFR was respectively 98, 95, 113,
102 ml/min/1.73 m2. During the follow-up, serum creatinine
concentration remained stable with a mean ± SD of 81.5 ± 10.7,
48.8 ± 11.5, 32.2 ± 5.2, 55.6 ± 10.7μmol/l. None of our patients
developed any extra-renal complication of aHUS.

Treatment safety

No patient presented any side effect of cyclophosphamide
such as an increased susceptibility to infection, hemorrhagic
cystitis, or alopecia.

Table 2 Main characteristics of
the relapses of patient 1

CFH complement factor H,
eGFR estimated glomerular fil-
tration rate, NV normal values,
PEs plasma exchanges
a 60 ml/kg per PEs using 2:3
fresh-frozen plasma and 1:3 5 %
albumin

Relapse 1 Relapse 2

Time from disease onset 2 months 3 months

Biological parameters

Hemoglobin (g/dl) (NV: 11–15) 8.7 5.1

Schistocytes (%) (NV: <2) <1 1

Haptoglobin (g/l) (NV: 0.4–1.1) <0.1 <0.1

Platelet counts (×109/l) (NV: 150–400) 116 100

Proteinuria (g/l) (NV: 0–0.15) 1.8 9.1

Creatinine (μmol/l) (NV: 20–75) 110 312

eGFR (ml/min/1.73 m2) (NV: 90–150) 43 19

CFH titers (AU) (NV: <100) 2,000 5,800

Treatment

PEsa 6× (60 ml/kg) 5× (60 ml/kg)

Steroids / 0.5 mg/kg/day

Anti-CD20 4 weekly (375 mg/m2/dose) /

Cyclophosphamide pulses / 5× (1 g/1.73 m2)
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Evolution of anti-CFH Ab titers

In all patients, anti-CFH Ab decreased but remained de-
tectable during remission (Fig. 1). As expected, the anti-
CFH Ab titers were higher at the acute phase than in
remission. After 6 and 4 years of follow-up for the first
two patients, anti-CFH Ab titer was measured at 760 and
1,620 AU. Fluctuant titers were observed over the long-
term follow-up with a minimal and a maximal anti-CFH
Ab titer of 630 AU and 2,200 AU, respectively, measured
at 47 months and 12 months after the disease onset for
patient 1 and 380 AU and 2,350 AU measured after 17-
months and 48 months of follow-up for patient 2. No
clinical or biological sign of relapse was noted at the time
of the maximal anti-CFH Ab titer. Concerning patient 3,
the last anti-CFH Ab titer was <100 AU 4 years after
disease onset. Patient 4 presented a progressive decrease
of anti-CFH Ab titers to 200 AU measured after 1 month
under PEs. At last follow-up, he presented an anti-CFH Ab
titer of 450 AU.

Complement component profile

The plasma C3 antigen levels were lower at the acute
phase in the two patients who presented higher titers of
anti-CFH Ab. These children quickly normalized their
complement C3 levels and in all patients the plasma C3
antigen levels remained normal during follow-up. The
other complement component titers such as C4, CFH,

Factor I, and Factor B antigens were within normal
ranges.

Genetic analysis

None of the four patients presented any mutations in the
CFH, CFI, MCP, or C3 genes.

All four patients showed a homozygous deletion mutation
of the CFHR1 and CFHR3 genes.

Discussion

In this study, we demonstrate the long-term efficacy and
safety of cyclophosphamide pulses combined with PEs and
prednisone in four patients with anti-CFH Ab-associated
aHUS, leading to a sustained remission without the need
for any maintenance therapy.

Anti-CFH Ab-associated aHUS represents 60 % of
aHUS cases occurring between 9 and 12 years old in
the French cohort [1]. In the largest cohort of 45 patients
with anti-CFH Ab-mediated aHUS reported by Dragon-
Durey et al. [9], this form of aHUS occurs mainly in late
childhood. However, as confirmed by our report, it can
also affect younger children and the presence of anti-
CFH Ab should be investigated in all patients with signs
evocative of aHUS.

An infectious episode may precede the onset of anti-
CFH Ab-associated aHUS, such as upper respiratory tract

Table 3 Main characteristics of the four children at the last follow-up

Patient 1 Patient 2 Patient 3 Patient 4

Duration of follow-up 6 years 4 years 4 years 4 months

Age at the end of follow-up (years) 17 9 5 7

Relapses 2 0 0 0

Biological parameters

Hemoglobin (g/dl) (NV: 11–15) 17 12.5 11.6 12.9

Haptoglobin (g/l) (NV: 0.4–1.1) 0.41 0.92 1.28 0.13

Platelet counts (×109/l) (NV: 150–400) 267 261 313 223

Proteinuria (g/l) (NV: 0–0.15) 1.09 0.5 0.8 0.19

Creatinine (μmol/l) (NV: 20–75) 93 55 36 48

eGFR (ml/min/1.73 m2) (NV: 90–150) 98 95 113 102

Complement investigation

C3 (mg/l) (NV: 660–1,250) 1240 733 1500 996

CFH antibody (AU) (NV: <100) 760 1,620 <100 450

HTNa P95 + 5 mmHg P95 P50 P50

Treatment side effect - - - -

CFH complement factor H, eGFR estimated glomerular filtration rate, HTN hypertension, NV normal values, P percentile
a The blood pressure percentiles were determined using tables based on age, sex, and height percentile [14]
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infection or transient urticaria with facial edema [9, 15, 16].
Kwon et al. [17] also reported two cases triggered by
chickenpox. In our series, we noted a scarlet fever-like
infection and one episode of non-hemorrhagic diarrhea
preceding the disease onset. Several studies have also de-
scribed some diarrhea during the prodromal phase of anti-
CFH Ab-associated aHUS [1, 10, 15, 16] in up to 53 % of
cases. This indicates that post-diarrheal onset does not
exclude the possibility of aHUS.

Extra-renal complications are not uncommon in anti-CFH
Ab-associated aHUS and include hepatitis (50 %), pancrea-
titis (23 %), and seizures (10–23 %) [1, 9, 10, 16, 18]. In
addition, severe myocarditis has been reported in four pa-
tients [9, 19]. In our study, no patient presented any extra-
renal manifestation.

Anti-CFH Ab-mediated aHUS is related to a poor prog-
nosis. Dragon-Durey et al. [9] reported 58 % of relapse,
among which 68 % occurred in the first 6 months. After a
mean follow-up of 39 months, 39 % of patients had chronic
kidney disease, 27 % had reached ESRD, and 9.5 % had
died. Only 25 % of patients had a favorable outcome without
sequelae. Accordingly, Noris et al. [16] reported on eight
patients with anti-CFH Ab-mediated aHUS of whom 62 %
progressed to ESRD or died, 12 % presented a complete
remission, and 25% had a partial remission within the 3 years
from disease onset. In this present study, all our patients
exhibited a favorable outcome following cyclophosphamide
pulses, with no relapse and normal renal function. Two of
them presented persistent hypertension as frequently report-
ed in the literature [1, 20].
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Dragon-Durey et al. [9] identified low C3 titers, low
Factor B levels, and high plasma creatinine values at
disease onset as major pejorative prognosis factors for
relapse and renal survival. Indeed, anti-CFH Abs are as-
sociated with a systemic alternative complement pathway
activation leading to the consumption of C3 and Factor B
at disease onset. Patients may present with a low C3 titer
sometimes associated with a low Factor B level while C4
titers are within the normal range [4, 9, 10, 21]. Among
our series of four patients, two children presented isolated
low C3 titers at time of diagnosis, which then returned to
normal values during remission. These two patients with
low C3 levels also exhibited the highest titers of anti-CFH
Ab at onset, which is consistent with the literature [9].
However, despite the above-mentioned pejorative factor
of low C3 level, their long-term outcome was favorable
after a follow-up of 6 and 4 years.

The demonstration of anti-CFH Ab is crucial for etio-
logical diagnosis in the context of aHUS and has a direct
impact on the treatment choice and on prognosis. There-
fore, the screening of Ab should be performed in all cases of
aHUS and necessarily before PE therapy that removes the
autoantibodies [22]. The anti-CFH Ab titers at disease onset
are higher than in remission but remain detectable in most
patients during remission [9, 15]. In our report, cyclophos-
phamide pulse therapy led to a decrease of anti-CFH Ab
levels in all patients, which remained detectable with fluc-
tuant titers over time without any clinical or biological sign
of relapse. Some studies [9, 15] have tried to determine a
threshold above which the risk of relapse is increased, but
to date, there are insufficient data to statistically determine
such a threshold. Indeed, in the present report, patient 1
with the relapsing course presented anti-CFH Ab levels of
2,000 and 5,800 AU at the first and second relapse respec-
tively, before introduction of cyclophosphamide. It is inter-
esting to note that at month 12, after cyclophosphamide
pulses, anti-CFH Ab titer raised to 2,200 AU without any
sign of relapse. Similarly, patient 2 had an anti-CFH Ab
titer of 2,350 AU after 48 months of follow-up and did not
present any relapse. Currently, the threshold predicting an
increased risk of relapse and indicating the need for inten-
sified therapy is not yet clearly established. This may be
explained by individual variability, intrinsic susceptibility,
and the lack of prospective follow-up in a large cohort.
Undoubtedly, the follow-up of anti-CFH Ab titers repre-
sents a useful marker to monitor disease evolution and
treatment efficacy during the acute phase and remission.

Both short-term and long-term outcome vary in the
literature according to the therapy initiated, but standard-
ized approaches to initial and maintenance therapy are
lacking for anti-CFH Ab-associated aHUS. In the most
recent guidelines [23, 24], PE therapy is considered the
first-line therapy for patients during the acute phase of

aHUS and should be started as early as possible within
the first 24 h of presentation. However, fresh-frozen plasma
(FFP) infusion, PE, or IVIg alone have failed to demonstrate
significant long-term efficacy in patients with anti-CFH Ab-
associated aHUS and discontinuing plasmatherapy is associ-
ated with high relapse rates and progression to ESRD [1, 4, 9,
10]. These findings have encouraged the early use of immuno-
suppressive treatment such as prednisone, azathioprine, rituxi-
mab, mycophenolate mofetil, and cyclophosphamide in anti-
CFH Ab-mediated aHUS. To date, little data is available on the
long-term efficiency of such therapies and concern only 14
patients (Table 4). Three of these received a combination of
PEs and prednisone leading to remission during 14, 24, and
31months, respectively, under persistent dose of prednisone for
two of them [1, 10, 19]. In three patients with relapses under
PEs, azathioprine induced a sustained remission with a normal
kidney function at 5, 24, and 28 months of follow-up [1, 10,
19]. However, this treatment could not be withdrawn, and in
one patient, azathioprine did not allow discontinuation of
plasmatherapy. Rituximab has been used in anti-CFH Ab-
mediated aHUS with variable outcome. Patient 1 in the present
report relapsed despite rituximab infusions. Four other patients
received rituximab. In one adult with PE dependence, the
addition of prednisone and rituximab allowed improvement of
renal function and discontinuation of PEs [9]. The three other
patients received rituximab in preparation for kidney transplan-
tation, among whom two were transplanted without relapse up
to 8 months and 4 years, respectively [9, 25]. Mycophenolate
mofetil was used on native kidneys in two patients who fully
recovered up to 12 and 21 months [4, 9] and in one kidney
transplant recipient in association with PEs, prednisone,
basiliximab, and tacrolimus [25]. The latter patient remained
free of relapse 2 years post-transplantation. One patient re-
ceived PEs successively associated with mycophenolate
mofetil, rituximab, and lastly, cyclophosphamide, 11 months
after onset because of multidrug resistance. Despite these treat-
ments, the child was in ESRD 42 months after the acute phase
[4]. Eculizumab, an anti-C5 humanized monoclonal anti-
body, has demonstrated excellent efficiency on native or
transplanted kidneys in patients with aHUS due to genetic
abnormalities of the alternative complement pathway. Its
use alone or in combination with PEs can induce prolonged
remission, allow withdrawal of plasmatherapy, control
plasma-refractory forms and prevent post-transplant re-
lapses [18, 26, 27]. Therefore, eculizumab appears to be
becoming the treatment of choice for aHUS without initial
plasmatherapy. However, whereas maintenance eculizumab
therapy has proven effective in aHUS, a single dose or treatment
discontinuation has been associated with severe relapses [18,
28]. To our knowledge, eculizumab has not yet been used in
patients with anti-CFH Ab-mediated aHUS. Contrary to cyclo-
phosphamide pulses that induce a sustained decrease in CFH
autoantibody production, eculizumab inhibits the activation of
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the terminal complement pathway without any effect on CFH
autoantibody production. Therefore, it is unclear how long
eculizumab therapy should be maintained to prevent relapses
in patientswith anti-CFHAb-mediated aHUS. Finally, the use of
eculizumab should be in balance with its very high cost and the
increased risk of Neisseria meningitidis infection requiring vac-
cination and permanent prophylaxis.

In our report, following a short cyclophosphamide pulse
therapy in association with steroids, all of our patients
presented an excellent outcome with normal kidney function
and no relapse throughout the follow-up of 6 years, 4 years,
and 4 months without any maintenance therapy. No side
effect such as infection, hemorrhagic cystitis, or alopecia
have been observed in any of the four patients.

In conclusion, the identification of anti-CFH Ab is current-
ly an indication for PEs associated with immunosuppressive
therapy. Immunosuppressive drugs should be started early
after the confirmation of the diagnosis. We recommend the
use of cyclophosphamide as a first-line therapy or rapidly as a
second-line therapy in case of failure of other treatments,
before renal damage becomes irreversible. We suggest follow-
ing the CFH Ab titer every 2 months for 6 months and then 3
times per year. Repeated measurements are recommended in

case of pallor, hematuria, or proteinuria. If the CFH Ab titer
increases, frequent blood and urine tests should be performed
in order to detect signs of relapse. We would only propose an
additional cyclophosphamide pulse in case of HUS recur-
rence. Prospective follow-up of larger cohorts of patients
would be helpful to better determine the relapse risk factors
and define therapeutic strategies.
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