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Abstract
Background Deficiency of complement factor H-related plas-
ma proteins and complement factor H autoantibody-positive
hemolytic uremic syndrome (DEAP-HUS), which is charac-
terized by the deficiency of complement-factor H-related
(CFHR) plasma proteins and the subsequent formation of au-
toantibodies against complement factor H (CFH), has been
reported to have an adverse outcome in one third of patients.
Therapy options include prompt removal of antibodies by
plasma exchange and immunosuppressive therapy. Recently,
restoration of complement control using the monoclonal anti-
body eculizumab has been shown to be effective as first- and
as second-line therapy in cases of therapy resistance or severe
side effects of the applied therapy.
Diagnosis/treatment Here, we report a 6-year-old girl
with DEAP-HUS and first-line therapy with eculizumab
under immunosuppressive therapy with glucocorticoids
and mycophenolate mofetil (MMF). This therapy led to

a prompt and sustained clinical recovery, to a stable
reduction of complement activation, and to a rapid de-
cline in autoantibody titer. A second increase in the
autoantibody titer was successfully treated with methyl-
prednisolone and the child remained in remission. After
8.3 months of sustained complement control and
4.5 months of stable antibody suppression, eculizumab
was successfully discontinued without any sign of
relapse.
Conclusions To our knowledge, this is the first reported case
of a child with DEAP-HUS treated with the combination of
eculizumab and immunosuppression as first-line therapy
avoiding any HUS- or therapy-related complications and
resulting in prompt clinical recovery. Importantly, clinical re-
mission is maintained after discontinuation of eculizumab un-
der stable immunosuppression.
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complement factor H
autoantibody-positive hemolytic
uremic syndrome

DGKE Diacylglycerol kinase epsilon
IS Immunosuppression
LDH Lactate dehydrogenase
MMACHC Methylmalonic aciduria and

homocystinuria type C protein
MMF Mycophenolate mofetil
MPA Mycophenolic acid
PI Plasma infusions
RRT Renal replacement therapy
sC5b-9 Soluble C5b-9
THBD Thrombomodulin
TPE Therapeutic plasma exchange

Introduction

The atypical hemolytic uremic syndrome (aHUS) is a rare, but
life-threatening disease and is defined by microangiopathic
hemolytic anemia, acute renal failure, and thrombocytopenia.
aHUS is caused by dysregulation of the alternative comple-
ment pathway owing to mutations in complement inhibitory
or activating factors [1, 2]. Among the subtypes of aHUS,
deficiency of complement factor H-related plasma proteins
and complement factor H autoantibody-positive hemolytic
uremic syndrome (DEAP-HUS) accounts for around 10% of
cases and has gained particular attention because of its auto-
immune character. It displays the unique combination of a
genetic mutation resulting in the absence of CFHR1 and
CFHR3 proteins in plasma and the presence of subsequently
acquired autoantibodies to the C-terminus of CFH [3, 4].

Treatment options include prompt removal or reduction of
the antibodies by therapeutic plasma exchange (TPE) with
consecutive immunosuppressive therapy (IS), and re-
establishing proper complement control by blocking C5 with
the monoclonal antibody eculizumab, which has been shown
to be effective in other forms of aHUS [1, 5–7].

In recent years, a large cohort of Indian DEAP-HUS
patients was treated with TPE and IS, but with a substantial
proportion of adverse outcomes [8, 9]. Given the experiences
in other types of aHUS, the use of eculizumab also in DEAP-
HUS appears promising, but data are limited to a very small
number of patients, most of them receiving eculizumab as
second-line therapy [10–16]. Data on withdrawal of
eculizumab, as proposed in the latest consensus recommenda-
tions on aHUS and in a recent meeting report of a KDIGO
conference [1, 5], are extremely scarce [11, 14–16].

Here, we report a case of a 6-year-old girl with DEAP-HUS
and a favorable clinical course under first-line eculizumab and
glucocorticoids as induction therapy, followed by glucocorti-
coids and mycophenolate mofetil (MMF) as maintenance

therapy. After continuous antibody reduction was achieved,
eculizumab was successfully withdrawn.

Case report

A 6-year-old girl with no past medical history presented in
reduced clinical conditions with vomiting and fever accompa-
nied by petechiae. HUS was confirmed by the evidence of
acute kidney failure (serum creatinine: 1.99 mg/dl [<0.9 mg/
dl]), hemolytic anemia (hemoglobin: 5.1 g/dl [11.5–15 g/dl]),
lactate dehydrogenase (LDH): 1,764 U/l (120–300 U/l), hap-
toglobin: <0.2 g/l (0.3–2 g/l), and thrombocytopenia (plate-
lets: 97 × 103/μl [150–530 × 103/μl]) with no evidence of
extra-renal manifestations. Diagnostic work-up revealed nor-
mal ADAMTS13 protease activity, negative vasculitis
(ANAs, ANCAs) and microbiological screening (Shiga
toxin-producing E. coli, Streptococcus pneumoniae). C3 was
reduced to 0.72 g/l (0.9–1.8 g/l). The initial therapy consisted
of the transfusion of packed red blood cells owing to symp-
tomatic ongoing hemolytic anemia as well as blood pressure
control, and diuretic therapy. Seven days after admission, we
received the result of a significant activation of the terminal
complement complex (sC5b-9: 2,047 ng/ml [<320 ng/ml]);
thus, aHUS was diagnosed and we instantly started therapy
with eculizumab administered weekly for 4 weeks and
thereafter biweekly. The day after, we were informed about
the presence of CFH autoantibodies (plasma titer 666 AU/ml
[<60 AU/ml]) and a homozygous CFHR1/3 deletion in line
with the diagnosis of DEAP-HUS. The additional analyses of
the genes encoding CFI, C3, CD46, CFB, THBD,
MMACHC, and DGKE yielded unremarkable results. We
therefore started the patient on a pulsed methylprednisolone
regimen (500 mg/m2 body surface area (BSA)/day on three
consecutive days, followed by gradual prednisolone tapering,
starting with 40 mg/m2BSA/day) and therapy with MMF
(1,100 mg/m2BSA/day). The patient responded promptly
with rapid normalization of LDH, platelets, and serum
creatinine, and was discharged after 16 days (Fig. 1a).
Meningococcal A, B, C, W, Y vaccination was performed
before eculizumab and the girl was put on additional
penicillin prophylaxis.

Four months later, a remarkable increase in CFH autoanti-
body titer without any clinical or hematological evidence for a
relapse of DEAP-HUS was noted during the monthly follow-
up. We applied another pulsed methyl-prednisolone course
(500 mg/m2 BSA/day on three consecutive days) and CFH
autoantibody titer promptly decreased and remained remained
in stable reduction during the further follow-up period of
15.7 months to date (Fig. 1b). Eculizumab was withdrawn
8.3 months after initiation of the therapy (4.5 months after
the second rise in antibodies). MMF has been continued as
maintenance therapy with a stable exposure to mycophenolic
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acid (MPA-AUC 0–12 h: 77 mg*h/l at months 3 and 15
respectively). Glucocorticoids were gradually tapered to
4 mg/m2BSA/day to date. Parents have been taught to perform
daily urinary dipstick controls and to immediately report any
potential sign of relapse (i.e., the onset of hematuria), as
recommended [11, 14].

Discussion

We report a case of DEAP-HUS with a favorable outcome
applying eculizumab with glucocorticoid pulse therapy in
the acute phase followed by glucocorticoids and MMF as
maintenance therapy to suppress antibody production in the
long-term. Furthermore, owing to constantly reduced anti-
body titers and sustained effective complement inhibition

(normal C3, C3d, and sC5b-9), eculizumab could be with-
drawn in the maintenance phase.

Of note, this therapy scheme was recommended in the lat-
est consensus recommendations of aHUS and in a recent
meeting report of a KDIGO conference on aHUS [1, 5].
However, to date, no reports on using this therapeutic scheme
have been published. The prompt restoration of complement
control and the reduction of CFH autoantibody titer resulted in
a favorable clinical course with complete renal recovery
avoiding renal replacement therapy (RRT), achieving prompt
normalization of hematological parameters, short hospitaliza-
tion and an absence of any treatment-related complications. In
addition, the consequent IS resulted in stable antibody control,
facilitating the withdrawal of eculizumab.

Based on the available literature, several issues of the case
are relevant and deserve further discussion. In a large cohort of
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Fig. 1 a Short-term clinical
course. The induction therapy
consisting of eculizumab,
glucocorticoids, and
mycophenolate mofetil resulted in
the prompt normalization of
lactate dehydrogenase (LDH),
platelets, and serum creatinine.
Conversion factors for SI units:
serum creatinine in mg/dl to
μmol/l, ×88.4. b Long-term
clinical course. Stable
complement and antibody control
were achieved under
immunosuppressive maintenance
therapy, allowing the successful
discontinuation of eculizumab
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Indian children with DEAP-HUS (n = 139), induction treat-
ment with TPE plus corticosteroids and iv cyclophosphamide
or rituximab was effective in inducing remission and led to a
rapid removal of CFH autoantibodies. However, adverse out-
comes [stage 4–5 chronic kidney disease (CKD) or death]
were reported in 30% of patients [8]. In addition, TPE proce-
dure itself was reported with serious catheter-related compli-
cations in one third of children with aHUS [17]. As our patient
had a mild form of DEAP-HUS (stable general conditions,
renal dysfunction without the need for renal RRT, no extra-
renal manifestations), we opted for eculizumab as first-line
therapy. This was feasible as eculizumab was available in
our center within 24 h and could thus be started as soon as
the diagnosis of aHUS was confirmed. Choosing this thera-
peutic strategy, we were able to avoid TPEwith its related side
effects, including central venous catheter-related complica-
tions, and the use a more intensified IS. However, in patients
with a more severe disease course presenting with end-stage
renal disease and/or extrarenal manifestations, prompt TPE
combined with eculizumab at the end of each session, in ad-
dition to a more aggressive IS regimen (including cyclophos-
phamide and repeated doses of rituximab), may be indicated
to obtain full remission and stable antibody control.

To date, there are very few reported pediatric cases of treat-
ment with eculizumab in DEAP-HUS, as summarized in
Table 1 [10–14]: Noone et al. have reported 2 children with
DEAP-HUS, 1 with a plasma therapy-dependent course and
the other 1 with an allergic reaction to fresh frozen plasma. In
both cases, the initiation of eculizumab resulted in a complete
remission of disease activity [10]. Chiodini et al. described a
case of DEAP-HUS in which eculizumab (without IS) was
initiated after an unsatisfactory response to plasma treatment
and was effective not only in the recovery of renal but also of
extrarenal manifestations [12]. Another child was effectively
treated with plasma infusions and eculizumab, even before
DEAP-HUS was confirmed [13]. A study on the discontinu-
ation of eculizumab in aHUS included 3 children with
CHFR1/3 deletion and CHF autoantibodies who recovered
under eculizumab. However, no data were given on mainte-
nance IS [11, 14]. In addition to these pediatric cases, 3 adult
DEAP-HUS patients have been reported to have been success-
fully treated with eculizumab [15, 16, 18], in 1 case after an
unsatisfactory response to TPE [18] and in 2 cases as first-line
therapy (with reported co-IS comprising TPE and rituximab in
1 of them) [15, 16]. Outcome in these relatively few cases was
excellent compared with previous studies with adverse out-
comes (CKD stages 4–5 and/or death) in around 30% of pa-
tients [8, 19, 20].

There is compelling evidence that high antibody titers at
follow-up are associated with an increased risk for relapse [9],
even in clinically asymptomatic patients, and that therapy
should therefore be guided by antibody-monitoring [1, 5].
Of note, comparison of the autoantibody titer to other studies

(determined in different laboratories) and concluding the se-
verity of disease courses from particular titer levels is still
hampered, as different, laboratory-specific standards are ap-
plied in the analysis of the CFH autoantibody titer [5, 21].
Accordingly, the need for a consensus assay using a standard
arbitrary unit scale based on a titration curve from a common
positive anti-serum has been recently addressed by three
European complement laboratories after comparing different
ELISA methods [22].

For our patient, the longitudinal, monthly monitoring of the
titer course using the same laboratory enabled the early detec-
tion of a significantly increased antibody titer (3,071 AU/ml).
A second methylprednisolone pulse therapy was thus applied,
even before any hematological sign of relapse and the girl
remained in remission. This case underlines the importance
of antibody monitoring to guide therapy and as the best avail-
able early detection method of a relapse, especially in the first
months when patients are most susceptible to relapse.

According to the aHUS international consensus recom-
mendation of 2016, the withdrawal of eculizumab should be
considered in stable remission and CFH autoantibody titers
constantly below 1,000 AU/ml in addition to ongoing main-
tenance IS therapy [1]. To date, discontinuation has been re-
ported in 5 of the 10 DEAP-HUS patients treated with
eculizumab (Table 1): Ardissino et al. reported 3 children with
DEAP-HUS and the discontinuation of eculizumab, 2 of
whom experienced a relapse (duration of therapy less than
1 month in both cases) that promptly resolved after re-
initiation of treatment [11, 14]. It is important to note that in
none of these cases are data of an antibody-depleting mainte-
nance therapy parallel to or after withdrawal of eculizumab
given, although this significantly reduces the risk of relapse
[1]. The four other reported children with a favorable outcome
under eculizumab have not yet been withdrawn from
eculizumab [10, 12, 13]. There are a further 2 reports on adult
DEAP-HUS with successful discontinuation of eculizumab
[15, 16]: in 1 case, a combination of eculizumab plus gluco-
corticoids and rituximab resulted in stable remission, which
allowed the successful withdrawal of eculizumab [15]; in the
other case, no distinct data on co-IS are provided [16].
Although the experience of withdrawal of eculizumab is lim-
ited, it seems essential to underline the need for stable remis-
sion and antibody reduction before considering discontinua-
tion. In our case, a withdrawal of eculizumab before the sec-
ond rise of antibodies may have resulted in an early relapse.
This case thus nicely confirms the reported risk of antibody re-
rise, particularly in the first months [5, 20]. Notably, the re-
ported patients experiencing relapse after eculizumab with-
drawal were also treated with eculizumab for less than
1 month, whereas those with successful discontinuation were
treated for a longer period and using co-IS in most cases.
Therefore, it appears most reasonable to continue eculizumab
therapy for at least 6–12months of HUS remission with stably
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decreased CFH autoantibody titer before considering
withdrawal.

In summary, to the best of our knowledge, our patient is the
first pediatric patient in whom eculizumab has been with-
drawn under continuous IS, providing stable, low antibody
titers and a significant reduction in complement activation.

Distinct data on duration, dosing, and form of maintenance
therapy following eculizumab are limited so far. We success-
fully applied methylprednisolone pulses as induction therapy
and in antibody re-rise, and later slowly tapered oral prednis-
olone.MMFwas administered with a stableMPA-AUC0–12 of
77 mg*h/l. However, we cannot exclude the possibility that a
less intensive IS might also be effective. Therefore, further
studies on this issue are required. In any case, we feel that
control of MPA exposure is extremely important, as was pre-
viously shown in other conditions [23].

In summary, our study confirms that eculizumab is safe and
effective in the treatment of DEAP-HUS. In addition, we
showed for the first time that the discontinuation of
eculizumab under antibody-depleting maintenance therapy
and thorough antibody monitoring can be considered for
DEAP-HUS patients in stable remission, as was proposed in
the latest aHUS consensus recommendations and a KDIGO
meeting report [1, 5].
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