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ABSTRACT

Introduction: Atypical hemolytic uremic syndrome (aHUS) is a rare form of thrombotic microangiopa-
thy, caused by dysregulation of the complement alternative pathway. Deletion of the complement factor
H-related genes, CFHR1 and CFHR3, together with the presence of CFH autoantibodies are reported in
aHUS patients, representing 10% of cases of patients with aHUS.

Case presentation: We report here on a case of 4-year-old girl with anti-CFH antibody-associated aHUS.
The measurement of complement factors and anti-factor H antibodies, was the main guideline for making
an accurate diagnosis and providing the appropriate therapy, with the patient responding positively to plas-
ma exchanges (PEs) and cyclophosphamide pulses. We then, one year after disease onset, continued with
glucocorticoids and mycophenolate mofetil (MMF), as maintenance therapy. There were no complications
during the therapy other than neutropenia. Now, one year after the cessation of the immune suppression
therapy, she is in remission with normal kidney function, no signs of hemolysis, normal C3 levels, and
normal range proteinuria. The anti-factor H autoantibody titer decreased but still remained positive, the
factor H antigen values remained low all throughout. Close follow-up is applied with frequent urine testing
and complete blood count with an intention for early detection of relapse of the disease.

Conclusion: The purpose of this case report is to emphasize the value of complement factor measurements
and also to separate anti-CFH antibody-associated aHUS as an entity, because immunosuppressive therapy
provides an excellent response..

Keywords: atypical hemolytic uremic syndrome, complement factor H autoantibodies, plasma exchanges,
cyclophosphamide, mycophenolate mofetil

INTRODUCTION

Hemolytic uremic syndrome (HUS) isase- normal value for age). The typical form of HUS

vere condition with a characteristic triad of mi-
croangiopathic hemolytic anemia (Hemoglobin
<100 g/1), thrombocytopenia (platelet count < 150
000/mm3), and kidney failure (serum creatinine >

or post-diarrheal (D+) HUS is most common, re-
sulting after a Shiga toxin-producing Escherichia
coli (STEC) infection, mostly Escherichia coli
0157:H7. Atypical HUS (aHUS) is a consequence


user
Stamp


110

Nora Abazi-Emini et al.

of a disorder of the alternative complement path-
way regulation. Typical HUS is manifested in
infants and young children and generally has a
good prognosis, whereas atypical HUS, which can
manifest at any age, even in a newborn, and has a
recurrent course with poor renal outcome. 5% to
10% of HUS in children are atypical HUS. Even
in atypical HUS, the triggering factor is a preced-
ing infection in up to 80% of pediatric cases [1].
Among the reported cases, 50% of aHUS patients
had genetic mutations. These mutations included:
loss of function mutations of complement regu-
lators - FH, FHRs, MCP/CDA46, FI, and gain of
function mutations of complement activators — FB
and C3. Also, forms of thrombomodulin mutations
are confirmed. Non-complement-related genetic
mutations, like DGKE mutations, are reported in
few cases [2]. Deletion of the complement factor
H-related genes CFHR1 and CFHR3, together
with the presence of CFH autoantibodies, are re-
ported in aHUS patients, representing 10% of the
cases with aHUS. These patients show complete
absence or reduction of CFHR1 and CFHR3 in
plasma, but the pathogenesis of how this absence
leads to the production of CFH autoantibodies is
unknown. Factor H autoantibodies bind to the
C terminal of factor H and impair its inhibiting
activity to C3b. Not all patients with CFHR gene
deletions develop antibodies, significant autoan-
tibody response to CFH, however, can develop in
the presence of normal CFHR1 [3.4,5].

We report here on a case of anti-CFH anti-
body-associated aHUS, with a positive response
to plasma exchanges (PEs) and cyclophosphamide
pulses, continued with glucocorticoids and myco-
phenolate mofetil (MMF) as maintenance therapy
one year after disease onset. Now, one year after
therapy cessation, our patient is still in remission.

CASE PRESENTATION

OA previously healthy 4-year-old girl was
referred to our hospital. She was vaccinated reg-
ularly according to her vaccination calendar. The
family did not have a history of kidney or inher-
ited diseases. Three days before admission, she
had pallor, icterus and diffuse ecchymoses. She
had no preceding diarrhea or infection. Upon
admission she was conscious, afebrile, with sta-
ble vital signs, BW 20 kg, BH 108 cm, skin and
mucosa were pale and icteric with diffuse ecchy-

mosis, normal arterial pressure (85/50 mmHg),
normal neurological status, no organomegaly, or
other organ involvement.

The initial laboratory finding revealed se-
vere anemia (Hgb 46 g/L, RBC 1.67 x106/ul, Het
12.7%) and severe thrombocytopenia (14x103/
ul). A peripheral smear showed the presence of
schistocytes. From the serum, chemistry elec-
trolytes were within the normal range, urea 26.6
mmol/l, creatinine 120 pmol/l, uric acid 440
umol/l, serum iron 40 umol/l, ferritin 1040 pg/l,
total bilirubin 63 pmol/l, unconjugated biliru-
bin 48 umol/l, AST 130 U/L, ALT 25 U/L, LDH
>1995 U/l, CRP 10mg/L. The complement C3
level was mildly decreased at 0.77 g/l, her C4
level was normal 0.26 g/lI. Stool culture was neg-
ative for Shiga toxin and entero-hemorrhagic Es-
cherichia coli 0157:H7. Upon bone marrow aspi-
ration, no signs of malignancy were noted. The
urine finding revealed macroscopic hematuria,
proteinuria (nephrotic range 5 gr/diuresis) with
dysmorphic erythrocytes and cylinders in mi-
croscopic evaluation of the sediment. An ultra-
sound showed that the kidneys were hyperecho-
genic. All these findings suggested a diagnosis
of hemolytic uremic syndrome, and because of
absent data for diarrhea and negative stool tests
for Shiga toxin, the suspicion for atypical HUS
was great.

Further diagnostic evaluation involved
complement factors measurement, antibodies
and genetic testing. They were performed in the
Research Laboratory at Semmelweis University,
Budapest Hungary. (Table 1)

Complement analysis confirmed deficient
haptoglobin levels, thus supporting intravascular
hemolysis. The factor I antigen, Factor B anti-
gen, and classical pathway activity were with-
in a reference range indicating no complement
consumption. The terminal pathway activation
marker sC5b9 was elevated, indicating in vivo
complement activation. Anti-FH autoantibody
clear was positive, with decreased FH antigen
levels. These results confirmed the diagnosis of
autoimmune atypical HUS.

Genetic analysis

The patient was found to be homozygous for
a common deletion of CFHR1 and CFHR3 genes
that are associated with the anti-factor H autoan-
tibody-positive form of the hemolytic uremic
syndrome. To reveal deletions or duplications in
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Table 1. Complement factors and antibody workup

ADAMTS13 metalloprotease activity

Total complement activity,
classical pathway (hemolytic test):

Total complement activity,
alternative pathway (WIELISA-Alt):

Complement C3:

Complement C4:

Factor H antigen:

Complement factor I antigen:
Complement factor B antigen:

Anti- factor H IgG autoantibody:

Clq antigen

Anti-C1q IgG autoantibody

sC5b-9 (terminal complement complex)

Haptoglobin

108 % (reference range 67-150 %)

80 CHS50/ml (ref range 48-103 CH50/ml)
110 % (reference range 70-125%)

1,11 g/L (reference range 0,9-1,8 g/L)
0,18 g/L (reference range: 0,15-0,55 g/L)
118 mg/L (reference range 250-880 mg/L)
133 % (reference range 70-130%)

104 % (reference range 70-130%)

984 AU/mL (ref <110)

111 mg/L (ref: 60-180)

3 U/mL (ref <52)

826 ng/mL (ref 110-252 ng/mL)

0,03 g/L (ref: 0,3-2,0 g/L)

CFH, CFHR-1, -2, -3 and -5 genes, a multiplex
ligation-dependent probe amplification (MLPA)
was performed. No additional risk variations
were identified in the genes of CFH, CFI, and
MCP (CD46). The DGKE gene appeared also
without mutations or rare variations. This was
determined via direct DNA sequencing of pol-
ymerase chain reaction (PCR) and products am-
plified from total genomic DNA.

Treatment

During the first three weeks of hospitaliza-
tion, blood and fresh frozen plasma transfusions
were administered. The patient had stable vital
parameters, normal diuresis but with persistent
thrombocytopenia, hematuria, high degradation
products, and proteinuria of nephrotic range.
When the diagnosis of autoimmune atypical
HUS was confirmed, plasma exchanges were
started, performed every day, for 5 days, using a
double lumen femoral dialysis catheter. Substitu-
tion was done with 5% human albumin and fresh
frozen plasma, and the volume of substitution
was 1.5 times the plasma volume. After plasma
exchanges, treatment was continued with intra-

venous cyclophosphamide pulses 200 mg (0.5 g
/1.73 m2, BSA 0.77 m2) every month, 5 pulses
in total, together with oral prednisone 40 mg/day
(2 mg/kg/day) which was gradually reduced to
Smg/48h.

Soon after PEs and the first intravenous
cyclophosphamide pulse, the patient displayed
significant improvement with hematological re-
mission and normal kidney function with mild
proteinuria. After finishing cyclophosphamide
pulses, immune suppression therapy was contin-
ued with mycophenolate mofetil (MMF) at 500
mg b.i.d. and corticosteroids at 5mg/48h for 6
months. During therapy she manifested neutro-
penia and the dose of MMF was reduced by 50%
(250 mg b.i.d.). She had no other complications.
The laboratory findings were stable at all time.

Now, one year after the cessation of the
immune suppression therapy, she is in remission
with normal kidney function, no signs of hemol-
ysis, normal C3 levels, and normal range pro-
teinuria. The anti-factor H autoantibody was de-
creased but still positive, and the values of factor
H antigen remained low all throughout. (Table 2)
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Table 2. Laboratory parameters during the course of the disease

Onset of the 45 . M M F No immune
: Cyclophosphamide q 3
disease 5 Prednisone suppression
Prednisone
P.e riod from 0-1 month 1-6 months 6-12 months 12-24 months
disease onset
Biological
parameters
Hemoglobin (g/1)
NR (110-150) 46 120 121 124
Haptoglobin (g/1)
NR (0.3-2.0) 0.03 0.02 - 0.03
Platelets (x10%/pul)
NR (150-400) 14 239 354 293
LDH (U/)
NR (0-500) >1995 263 234 225
Creatinine (Lmol/l)
NR (20-70) 120 41 43 42
eGFR (ml/
min/1.73m?) 32 97 94 95
NR (90-150)
Complement
C3 (g/l)
NR (0.8-1.9) 0.77 1.15 1.02 0.84
CFH antibody (AU/
ml) 984 431 328 287
NR <100
Factor H antigen
(mg/1) 118 129 - 114
NR (250-880)
Urine
Proteinuria . . . . . . . .
NR (0-150 mg) 5 g/diuresis 250 mg/diuresis 30 mg/diuresis 60 mg/diuresis
Hematuria macroscopic Blood + No No
DISCUSSION cohort of 48 patients with aHUS, reported the

Atypical hemolytic uremic syndrome is a
rare form of thrombotic microangiopathy, caused
by dysregulation of the complement alternative
pathway (OMIM #235400). Complement alter-
native pathway dysregulation is, in most cases,
genetic but it can also be acquired secondary to
Igg antibodies. Dragon-Durey et al. [6] from a

presence of anti-CFH autoantibodies in three
children, confirming for the first time that aHUS
can be an autoimmune disease leading to ac-
quired FH deficiency. This form of aHUS is
present in 6-10% of all cases with aHUS. In an-
other study, clinical features of patients with an-
ti-CFH autoantibodies at disease onset are very
similar with D+ HUS, with abdominal pain and
vomiting (84%) and diarrhea (53%). Extrarenal
complications are frequent. The evolution of the
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disease is characterized by frequent relapses, but
of the three patients who were treated by plasma
exchanges, together with immunosuppressive
treatment, not one relapsed, and all fully recov-
ered [7]. Jozsi et al. [3] identified a correlation
between the presence of anti-CFH autoanti-
bodies and the absence or reduction of plasma
CFHRI1/CFHR3. Of 148 patients with aHUS,
22 had complete absence or reduction of plasma
CFHR1/CFHR3 and 16 of those patients were
positive for anti-CFH antibodies (72%). Similar
results were reported by Moore et al. [8].

For our patient, suspicion for atypical HUS
was high due to the absence of diarrhea, stool
tests with negative results for Shiga toxin, and the
age of the patient. Immediately after admission,
she was treated with plasma and blood trans-
fusions, but without significant improvement.
Complement work revealed deficient haptoglo-
bin levels, suggesting intravascular hemolysis.
ADAMTSI13 activity was in the normal range,
thus thrombotic thrombocytopenic purpura and
congenital form Upshaw Shulman syndrome
were excluded. Despite the level of C3, in fur-
ther evaluations, it was within the normal range,
yet that did not exclude the diagnosis of atypical
HUS. According to the literature, C3 levels are
low in just 30 - 40% of cases of aHUS. The ter-
minal pathway activation marker sC5b9 was ele-
vated, indicating in vivo complement activation.
Anti-FH autoantibody was a clear positive, with
decreased FH antigen level. Further treatment
was redirected to plasma exchanges, concomi-
tant with immunosuppressive therapy (corticos-
teroids and cyclophosphamide) with rapid clini-
cal improvement and normalization of laboratory
parameters. Several reports in recent years have
recorded successful treatment, including plasma
exchange and immunosuppressive agents (e.g.,
glucocorticoids, cyclophosphamide, mycophe-
nolate mofetil, and rituximab) [6, 9-11].

Although the initial level of anti CFH anti-
bodies was not too high (984 AU/ml), the clinical
course was severe, so we wanted to emphasize
that an antibody titer does not always indicate
the severity of the disease.

Genetic tests confirmed homozygous com-
mon deletion of CFHR1 and CFHR3 genes.
Thus, the exact term for this disease is DEAP —
HUS (deficiency of CFHR plasma proteins and
factor H autoantibody positive hemolytic uremic
syndrome) [12].

The importance of early diagnosis with
complete complement work is crucial for initi-
ating an appropriate treatment. In developing
countries, like ours, diagnostic and therapeutic
limitations are present. The complement analy-
sis was done in Budapest, Hungary, which lead
us directly to the targeted treatment. Limited
access to Eculizumab (monoclonal antibody to
C5) prevents us from the implementation of in-
ternational guidelines for atypical HUS. In this
case, Eculizumab was not indicated because of
successful treatment with PEs and immunosup-
pressive agents [13,14].

During the follow-up, after the cessation
of immunosuppressive treatment, the titer of anti
CFH antibodies was still above the limit, but our
patient was stable without signs of hemolysis,
with normal kidney function and normal range
proteinuria. In some of the recent publications,
the duration of immunosuppressive treatment
after initial stabilization was shorter than in our
case [9]. The international consensus approach
to the management of atypical hemolytic uremic
syndrome in children recommends treatment
withdrawal after 1 year in patients who are in
remission, with normal C3 level and anti-CFH
antibody titer < 1000 AU/ml. All these criteria
were fulfilled in our case [14].

According to Hofer et al. [15], patients
who had no relapse within the first 6 months
were relapse-free until the end of the observa-
tion period of 5 years. In our case, the immuno-
suppressive therapy was continued for one year,
so the relapses were prevented. Now, however,
one year on without any treatment, she is still
relapse-free. Close follow-up is applied with
frequent urine testing and complete blood count
with an intention for early detection of relapse of
the disease.

CONCLUSION

The purpose of this case report is to em-
phasize the value of complement factors meas-
urement. It is important to separate anti-CFH
antibody-associated aHUS as an entity, because
immunosuppressive therapy provides an excel-
lent response. It should also be emphasized how
important it is for all countries to have access to
Eculizumab as a new agent, a mainstream ther-
apy for aHUS.
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Pe3ume

AHTHP®AKTOP X AHTUTEJIA ACOLIUPAH ATUIIMYEH
XEMOJJIMTUYEH YPEMUYEH CUHAPOM: ITPESEHTAIIUJA HA CJIIYYAJ

Hopa A6a3u-Emunn', EMuimja Illaxna3zosa', JoBana IlyTnux?, Bein6op Tacuxk!

! Vuusep3urercka Kinnuka 3a nercku 0onecrtu, Onnen 3a Hedponoruja, Meauuuacku paxyaret, Crorje,
PC Makenonuja

2 MHctuTyT 3a 3apacTBeHa 3amTHTa Ha Majka u gere Ha CpOuja ,,JI-p Bykanm Uymuk®™, Omgmen 3a
Hedponoruja, Meauuunacku ¢axynret, benrpaa, P Cpouja

BoBen: ATunmuHHOT XeMoMUTHYeH ypemudeH cunapom (aXYC) e petka ¢opma Ha TpoMOOTHIHA
MHUKpPOAHT'HONaTH]ja, KOja € MpeIu3BUKaHa o] AUCperysalnyja Ha aJTepHaTUBHUOT AT Ha KOMIUIEMEHTOT.
Henenujata Ha komiuieMeHT ¢aktop X moBp3anu rean CFHR1 n CFHR3, 3aenHo co mpucycTBoTo Ha
aHTHUTEa KOH KoMmIuieMeHT (akrop X, ce onuinanu kaj naueHtu co aXyYC u npercrasyBaar 10 % oj
CllyaduuTe Ha aTHUIUYEH XeMOJIUTHYCH YPEMUYECH CHHAPOM.

IIpe3enTanuja Ha cayuaj: [IpuxaxyBame ciryyaj Ha YeTUPUTOAMIIHO AeBojue co aX Y C acounpan
CO aHTHUTeNa KOH KoMIIeMeHT (aktop X. MepemeTo Ha pakTOpUTe Ha KOMIUIEMEHTOT M aHTUTeNaTa KOH
¢axTopor X Oelie r1aBeH BOAMY 3a J1a C€ MMOCTaBU TOYHA JMjarHO3a U Ja ce AajJe COOABETHA Teparuja,
co no0ap oAroBop KoH Iuiazmadepesa u nukiaodochamMuIHu yaapH, moToa MpoIobKEHO CO OIpKyBauka
MMYHOCYTIPECHBHA TEPanyja co KOPTUKOCTEPOUIH M MUKO(PEHOIAT MO(ETHII BO TEKOT Ha e/1HA TOJMHA T10
MOYETOKOT Ha OoJiecTa. 3a BpeMe Ha Tepanujara He ce MojaBuja HecakaHu e()eKTH, OCBEH HEyTPOIICHH]a.
Cera, efHa roiviHA 110 TPEKUHOT HA UMYHOCYIIpECHBHATa Teparuja, IEBOjYETO € BO KIMHUYKA pEMHCH]a CO
HOpManHa OyOpeskHa QyHKIHja, O6e3 3HaLM 3a XeMOJIn3a, HOPMaJIHO HUBO Ha L3 1 HOpMaHi BpeTHOCTH Ha
nporeunypuja. Tutapot Ha aHTUTENA KOH (PAaKTOPOT X ce HaMalli, HO C¢ YIUTE € O3UTUBEH, BPEAHOCTUTE
Ha (axTop X aHTUICHOT OCTaHaa HUCKH LeJIo BpeMe. JleTeTo ce cieay co 4ecTH KOHTPOJIM Ha KpBHATa
CJIMKa U Ha ypUHAaTa, CO HaMepa PaHo Ja ce OTKPHUE PeJarncoT Ha OonecTa.

3akayuok: Co 0BOj MPE3CHTHPAH CITydaj cakaMe Ja ja MOTSHITUpaMe BaKHOCTA HAa MEPEHEeTO Ha
(hakTOpUTE HA KOMIUIEMEHTOT U, HCTO TaKa, JIa TO OJIBOMME aHTHKOMITIEMEHT (hakTop X aHTHTEIa acOIUpPaH
aX¥YC kako moceOeH EHTUTET, OMIejKH MMYHOCYTIpeCHBHATA Teparija 1aBa OIJIUICH PE3yTarT.

Kayunu 300poBH: aTUTIMYCH XEMOJUTHYCH YPEMUYEH CHHAPOM, aHTHUTEa KOH KOMITJIEMEHT (hakTop
X, masmadepesa, nukiodochamu, MukodeHonaT MopeTr



