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ABSTRACT
Atypical hemolytic uremic syndrome (aHUS) is a rare form of thrombotic microangiopathy that associates, in
70% of cases, with genetic or acquired disorders leading to dysregulation of the alternative pathway of
complement. Autoantibody directed against Factor H causes at least 6% to 10% of aHUS cases, but only a
few clinical reports are available. Here, we describe the clinical, biologic, genetic features, treatment, and
outcome of 45 patients who presented with aHUS associated with anti-FH autoantibody. We found that this
form of aHUS primarily affects children between 9 and 13 years old but it also affects adults. It presents with
a high frequency of gastrointestinal symptoms and with extrarenal complications and has a relapsing course.
Activation of the alternative pathway of complement at the onset of disease portends a poor prognosis. Early
specific treatment may lead to favorable outcomes. These data should improve the recognition and diagnosis
of this form of aHUS and help identify patients at high risk of a poor outcome.
J Am Soc Nephrol 21: 2180 –2187, 2010. doi: 10.1681/ASN.2010030315

Atypical hemolytic uremic syndrome (aHUS) is a
rare form of thrombotic microangiopathy that occurs in the absence of infection by Shiga toxin–producing bacteria (OMIM#235400). Development of
aHUS may result from either genetic or acquired
disorders leading to a dysregulation of the complement alternative pathway. In ⬎60% of patients, genetic abnormalities are found in genes encoding the
complement alternative pathway regulatory proteins: Factor H (CFH), membrane cofactor protein
(MCP or CD46), Factor I (CFI),1 the C3 convertase
components (C3), and Factor B (CFB)2,3 or, recently, in the Thrombomodulin gene.4
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The presence of autoantibody directed against
Factor H (anti-FH IgG), and a resulting Factor H
(FH) functional deficiency, was first published in
2005.5 This etiology, reported only in children, is
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We report here the clinical, biologic, and
genetic features of 45 aHUS patients who presented anti-FH autoantibodies.

RESULTS
Patients

Figure 1. Anti-FH associated-aHUS occurs mainly in late childhood but can affect
adults.

Table 1. Clinical and biologic characteristics of anti-FH–associated aHUS
patients at disease onset
Age
all patients (n ⫽ 45)
children (n ⫽ 38)
adults (n ⫽ 7)
Prodromes (n ⫽ 32)
gastrointestinal symptoms

Median: 9 years (8 months to 52 years)
Median: 8.5 years (8 months to 14 years)
Median: 41 years (28 to 52 years)

The series comprised 45 patients who fulfilled
the clinical criteria of aHUS and were positive
for the anti-FH IgG test. The mean follow-up
was 39 months (1 to 168 months). Different
ethnical origins were observed: 23 Caucasians, 3 Japanese, 3 Koreans, 13 Indians, and 3
Africans. It is composed of 38 children (25
males) and 7 male adults. Median age at disease onset was 8.5 years in children (8 months
to 14 years) and 41 years in adults (28 to 52
years) (Figure 1). The diagnosis was retrospective in 19 cases.
Clinical data of 11 patients have been
previously reported.5,12,15–17
Disease Description at Onset

Prodromes, Clinical, and Biologic Data at
Onset.
infection
Complete clinical data at onset was obtained for
32 of 45 total patients. Four patients developed
other
HUS in a context of infection: one varicella,16
Clinical symptoms at onset (n ⫽ 32)
one upper respiratory tract, one STEC, and one
hypertension
68%
norovirus infection.12 Intense abdominal pain
hematuria
27%
and vomiting were present in 84% of patients
oligo-anuria
28%
(27 of 32 patients). In two patients, Malloryseizures
23.5%
Weiss syndrome was associated. Diarrhea was
Biological features at onset (n ⫽ 27)
observed in 53% of patients (17 of 32 patients).
Hb
Mean: 6.8 g/L (range: 5 to 10)
Two patients presented urticaria and transient
platelets count
Mean: 56.3 ⫻ 109/L (range: 9 to 141)
creatininemia
Mean: 501 mol/L (range: 150 to 1593)
face edema as prodrome. Four patients (three
pancreatitis
23.1%
children and one adult) developed seizures at
hepatitis
50%
disease onset.
Autoimmunity at onset (n ⫽ 29)
At admission, all patients presented
antinuclear antibodies
24%
with anemia, schizocytosis, low haptogloThe percentages were calculated according to the number of patients documented. Presence of
binemia, thrombocytopenia, and acute rebiologic pancreatitis and hepatitis was defined by elevated levels of amylasemia and/or lipasemia and
nal failure. Biologic pancreatitis (increased
of liver enzymes, respectively.
amylasemia and/or lipasemia) and elevated
liver enzymes were observed in 23% and 50%
the cause of aHUS in at least 6% to 10% of cases.5– 8 The of the documented patients (n ⫽ 27), respectively (Table 1). Antinuanti-FH IgG have been shown to interfere with the FH binding clear antibodies were present in 7 of 29 tested patients (24%) with
to the alternative pathway C3 convertase C3bBb5 and associ- titers from 1:80 to 1:1250, and antibodies had a speckle pattern withated with defective FH-dependent cell protection.9,10 Most pa- out a specific nuclear antigen identified.
tients lack the circulating complement Factor H–related proteins (CFHR) 1 and 3 because of a homozygous deletion of Complement Exploration.
CFHR1 and CFHR3.7,11,12
At disease onset, systemic complement alternative pathway acCurrently, only a few descriptive reports concerning the tivation was noticed in 26 of 45 patients (58%) as indicated by
clinical and biologic data, and the treatment modalities are low C3 levels associated with low FB in 13 patients (29%)
available.5– 8,10,12–16
(Figure 2). C4 levels were within the normal ranges in all
J Am Soc Nephrol 21: 2180 –2187, 2010
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The quantity of CFHR1 and CFHR3
copy alleles was determined by MLPA in 43
patients. A homozygous deletion of CFHR1
was found in 40 of 43 tested patients (93%)
and was associated with a homozygous deletion of CFHR3 in 39 of 43 patients (91%).
One patient exhibited no CFHR1 allele
with one CFHR3 allele, and three patients
exhibited one allele of each gene.
Treatment and Evolution of the First Flare.
Precise data concerning the treatment administered at the acute phase of the disease
were available for 30 patients. Dialysis was
necessary in 17 patients (57%). At disease
onset, 6 patients were managed conservatively, 6 received fresh frozen plasma (FFP),
15 received plasma exchanges (PE) alone,
Figure 2. At onset, the majority of patients shows complement alternative pathway and 3 received PE associated with immuactivation (decreased C3 and/or Factor B) and a subset has decreased FH. The dashed nosuppressive treatments (IS) comprised
lines represent the lower limit of normal range (for C3, FB, and FH antigenic levels) or of steroids associated with cyclophosphathe positive threshold (for anti-FH IgG titers).
mide (n ⫽ 2) or mycophenolate mofetil
(n ⫽ 1). The mean delay between the first
Table 2. Disease evolution of the first flare, according to the treatment
symptoms and the treatment initiation of
administered at onset
the treatment was 9.5 days. The evolution
Conservative Treatment
FFP Infusion
PE
PE ⴙ IS
of the first flare according to treatment mo(n ⴝ 6),
(n ⴝ 6),
(n ⴝ 15),
(n ⴝ 3),
dalities is summarized in Table 2. Two paHD ⴝ 2
HD ⴝ 5
HD ⴝ 11 HD ⴝ 1
tients developed ESRD after the first flare of
No sequel
1
0
1
3
the disease and one died. Four patients preCRI
1
0
3
0
sented no relapse but had chronic renal inLate relapse
2
5
6
0
sufficiency (CRI). Five patients had no reTreatment resistance
1
1
3
0
lapse and no sequel. Five patients were
ESRD
1
0
1
0
treatment-resistant such that they had no
Death
0
0
1
0
disease improvement under treatment or
In total, 30 patients were documented. Follow-up occurred between 5 and 168 months with a mean
of 48 months. The number of patients in each group is indicated in parentheses. HD indicates the
presented early relapse (within the first
number of patients needing hemodialysis at the first flare. Treatment resistance comprised cases
month), requiring a change of the treatwithout disease improvement under treatment and cases with relapse within the first month. Late
ment. The 13 remaining patients (43%)
relapses were defined by disease recurrence ⬎1 month after onset and ⬎15 days after disease
remission.
presented late relapses such that the disease
recurrence occurred ⬎1 month after onset
cases. A sample collected at the acute phase of the disease and ⬎15 days after disease remission.
was available for 28 patients. The anti-FH IgG titers were
None of the three patients treated by PE and IS relapsed,
established between 1080 and 50,000 AU/ml (positive and all of them fully recovered without relapse up to 12 month
threshold: 100 AU/ml). Mean plasma C3 antigenic levels in follow-up. By contrast, late relapsing patients were treated by
samples exhibiting high titers of anti-FH IgG (⬎10,000 AU/ conservative treatment (2 of 6 patients, 33%), FFP infusion (5
ml) were statistically lower than those in samples with mod- of 6 patients, 83.3%), or PE (6 of 15 patients, 40%) alone.
erate titers (⬍10,000 AU/ml), 566 versus 711 mg/L, respectively (P ⫽ 0.037).
Long-Term Evolution and Treatment
Antigenic levels of FH were decreased at disease onset in Long-term follow-up was documented in 44 patients. Disease
22% of patients (10 of 45 patients). The values were comprised relapses occurred in 25 of these patients (58%), who had a
between 10% and 67% of normal ranges (Figure 2). This de- mean of 1.5 recurrences. The relapses occurred in 17 of 25 patients
crease was not correlated with the anti-FH IgG titers.
(68%) during the first 6 months after onset. However, five patients exhibited a relapse ⬎12 months after onset.
Genetic Exploration.
No sequel was noticed in 11 patients (25%), 4 developed
No abnormality was found by the CFH, CFI, and MCP se- extrarenal sequels (3 cardiac insufficiencies and 1 diabetes),
quence analysis performed in 26 patients.
and 17 had CRI (39%). Additionally, 12 patients (27%) devel2182
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Table 3. Long-term evolution of the disease

UA/ml) and the occurrence of relapse (nine
relapses). However, our data remain insufficient to propose a reliable algorithm capable of predicting disease recurrence according to anti-FH titer.
Long-term follow-up showed that the
anti-FH IgG remained detectable in most
patients (29 of the 33 documented, 88%),
Renal sequel
even during disease remission. Only one
patient exhibited a spontaneous decrease in
anti-FH IgG during the 60 months after
Other organs involvement
onset and complete disappearance at 6
years remission, without PE or immunoKidney transplantation
suppressive treatment. In three other paIn total, 44 patients were documented during a range of follow-up from 1 to 168 months (mean: 39
tients, the autoantibodies became undetectmonths). W2, week 2; M4, month 4; M6, month 6.
able after therapies combining PE and IS.
IVIg were administered in 15 patients.
Table 4. Correlation of clinical and biologic parameters with occurrence of
Whether
administered alone or in associarenal sequels (CRI, ESRD, and death) or relapses
tion with PE or steroids, this treatment
Renal sequels or relapse
No sequel, no relapse
Parameter
P
failed to demonstrate any efficacy. There(n ⴝ 20)
(n ⴝ 13)
fore, an additional immunosuppressant
Age at onset (years)
12
13
0.87
was introduced in all of these patients.
Hb (g/L)
6.65
6.95
0.31
Five patients received anti-CD20 ther9
59
53
0.29
Pt (10 /L)
apy.
Creat (mol/L)
762
285
0.01
In two cases, the treatment was done
Schizocytosis (%)
11
4
0.07
during the disease’s acute phase. One child
Anti-FH IgG titer (AU/ml)
13,470
8940
0.4
was treated 1 month after onset. The child
Low C3 (%)
73
41
0.034
Low FB (%)
55.5
9.5
0.002
relapsed twice at months 2 and 7 after onMeans of age, hemoglobinemia (Hb), quantity of platelets (Pt), creatininemia (Creat), schizocytosis, and
set, when PE was stopped. He was treated
anti-FH titer at onset are indicated in each group of patients. The percentages of patients exhibiting
thereafter by cyclophosphamide, which allow C3 (⬍660 mg/L) and low Factor B levels (⬍93 mg/L) at onset are also indicated. P values were
lowed PE cessation.17 The antibodies never
calculated with a Student t test.
disappeared during and up to 3 years of foloped ESRD, 4 died, 3 after the first flare of the disease and 1 low-up but his renal function remained normal. One adult
adult 2 years after onset from cardiac insufficiency (Table 3). received rituximab at month 2 because of PE dependence. AsThe occurrence of renal sequels (ESRD or CRI) was correlated sociated with PE and steroids, this allowed the improvement of
with high creatininemia (⬎250 mol/L, P ⫽ 0.01), low C3 the renal function and disappearance of the anti-FH IgG,
levels (⬍660 mg/L, P ⫽ 0.034), and low Factor B levels (⬍93 which remained undetectable during the next 10 months withmg/L, P ⫽ 0.002) at disease onset. The odds ratio (OR) associ- out any immunosuppressive treatment.
ated with these pejorative prognosis factors were 4.04, 95%
In the three other patients, rituximab was administered in
confidence interval (CI) [1.1 to 14.78] for low C3 levels, and preparation to renal transplantation. One was reported in ref12.4, 95% CI [2.65 to 58.99] for low Factor B levels. However, erence 14 Currently, at the 4-year follow-up, the graft function
there was no correlation between the risk of renal sequel and was normal and the anti-FH IgG remained under the positive
the anti-FH IgG titer at the acute phase with mean titers being threshold with the immunosuppressive treatment given to
13,470 and 8937 AU/ml in the patients with n ⫽ 20 or without prevent graft rejection. One patient was transplanted under
n ⫽ 13 renal sequels, respectively (P ⬎ 0.05) (Table 4). We similar management of the peritransplantation time with PE
observed that the occurrence of relapses increased the risk of and was well at the 8-month follow-up. The last patient is waitrenal sequels (ESRD or CRI). Renal sequels were present in ing for renal transplantation. In the last two cases, the anti-FH
71% versus 27% of patients with n ⫽ 14 or without n ⫽ 11 late IgG did not disappear after rituximab.
relapses, respectively (OR ⫽ 6.67, 95% CI [1.15 to 38.85]).
Two patients have been transplanted with undiagnosed
Titers of anti-FH IgG were significantly higher at the acute anti-FH–associated aHUS. Both had posttransplant recurphase than in remission. Indeed, in the 26 patients tested, the rence of HUS and one had a favorable outcome under specific
mean of titers at disease onset was significantly higher than that management, allowing reduced anti-FH IgG production. Unin remission (11,564 versus 1104 AU/ml, respectively, P ⬍ der treatment, both patients exhibited no more detectable
0.0001) (Figure 3). For seven patients, prospective follow-up anti-FH IgG since the transplantation time at follow-up time
revealed a correlation between anti-FH titer increase (⬎2000 points of 42 and 50 months.
Death, 4 patients
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1 adult at W2 from unknown reason
1 child at M4 from unexplained sudden death after
a hemodialysis session
1 child from pulmonary arterial hypertension
before M6
1 adult at 2 year follow-up from cardiac
insufficiency
None: 25%
CRI: 39%
ESRD: 27%
Cardiac insufficiency: 3 (2 adults, 1 child)
Non-autoimmune diabetes: 1 (child)
3 of 3 unfavorable without specific management
3 of 3 favorable with specific management14,15
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Figure 3. Anti-FH levels are lower at remission than at disease
onset. The difference reaches statistical significance using the t
test.

No development of another autoimmune disease was noticed in any patient during the follow-up time periods ranging
from 5 to 168 months (mean: 41 months).

DISCUSSION

In this study, we report the clinical and biologic data of 45
patients exhibiting anti-FH IgG in a context of aHUS. The
earliest known case occurred in 1975.15
To date, this form of aHUS has been reported only in children.5–7 In our study it was diagnosed mainly in children
(84%). However, the age of onset is not similar to the ages
usually reported in pediatric aHUS, which occurs primarily before the age of 2 years (70% in Sellier-Leclerc et al.18), whereas
anti-FH IgG-aHUS occurs mainly in teenagers (Figure 1). In the
French cohort, this etiology represents 60% of aHUS cases occurring between 9 and 12 years old. This age is also different from the
age of shigatoxin-associated HUS (Stx-HUS), which primarily affects children before 5 years of age.19 –21
We report here, for the first time, seven cases of adult onset
of anti-FH IgG aHUS. Interestingly, all occurred in males, and
we observed a sex ratio of 3 men for every woman among the 45
patients.
Therefore, this etiology of aHUS must be looked at systematically not only in children (particularly during late childhood) but also in adults, primarily in men.
Clinical features at disease onset are more similar to those of
Stx-HUS than those of aHUS, linked to complement abnormalities. Indeed, we noted a high frequency of intense abdominal pain and vomiting (84%) and occurrence of diarrhea
(53%) in our anti-FH–positive patients, whereas diarrhea was
reported by Sellier-Leclerc et al. in only 28% of children pre2184
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senting with aHUS.18 The acute phase extrarenal complications were also more frequent than previously described in
complement mutation–associated HUS, with seizures in
23.5% of anti-FH–positive patients (10.8% in Sellier-Leclerc
et al.18), pancreatitis in 23.1%, and hepatitis in 50% of cases.
These complications, as well as cardiac involvement, were very
rarely reported among the other complement-associated
aHUS, including the cases of FH deficiencies. However, such
complications were described in Stx-HUS with variable frequencies (pancreas and brain involvement and cardiac complications in 3% to 10%).22,23 Recently, Abarrategui-Garrido et
al. also reported death caused by cardiac insufficiency in 1 of 7
children with anti-FH–associated HUS.13 Diabetes was also reported as a complication of childhood Stx-HUS with negative
diabetes mellitus autoantibodies.24
We observed comparable symptoms between children and
adults but a severer evolution in adults. This must be confirmed by a large cohort of adult cases.
The long-term evolution of anti-FH–associated aHUS is
more severe than that in Stx-HUS (frequency of ERSD and/or
death is 12%),25 but it is quite similar to the other forms of
aHUS, with a high frequency of relapses (59% in anti-FH–
associated HUS versus null in Stx-HUS, 38% to 54% in the
other forms of aHUS and 66% to 86% in MCP mutation1,18,26).
Additionally, when anti-FH–associated HUS is being compared to other forms of aHUS, there are comparable frequencies of CRI (39% versus 31%), ESRD (27% versus 22% to
35%18,26), and death (9.5% versus 11% to 10%18,26). However,
anti-FH–associated aHUS has a better prognosis than the FH
mutation–associated aHUS in which the frequencies of ESRD
and death have been reported to be 42% to 60% and 20% to
48%, respectively.
The presence of anti-FH autoantibodies was found to be
associated at disease onset with a systemic complement alternative pathway activation leading to the consumption of
C3 and FB. The association is comparable to that observed
in patients exhibiting CFH or CFI mutations.18,26 However,
during disease remission, C3, Factor B, and FH antigenic
levels normalized in all patients. This systemic alternative
pathway activation as well as the FH haploinsufficiency observed in 20% of patients reveals that alternative pathway
dysregulation plays a major physiopathological role in anti-FH autoantibodies–associated HUS. For the first time, we
show that low C3 and FB levels at onset represent for this
form major pejorative prognosis factors (Figure 4). Renal
sequels and relapses were analyzed together because relapse
occurrence was associated with an increased frequency of
renal sequels and is an indicator of treatment failure.
The evolution observed after the first flare of the disease
according to the treatment administered revealed for the first
time that FFP infusion, or even PE, failed to demonstrate significant efficacy at long term. Interestingly, none of the three
patients treated by PE and IS relapsed and all fully recovered as
seen in a follow-up ⬎12 months later.
In the literature, data regarding the treatment modalities
J Am Soc Nephrol 21: 2180 –2187, 2010
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Figure 4. Low C3 levels at onset are correlated with a higher risk
of disease relapse. The Kaplan-Meier curves calculate the probability of survival without relapse and of renal survival (ESRD or
death) according to C3 levels at onset (normal or low levels) and
the disease progression parameters of 31 patients from our series
of anti-FH–associated aHUS.

were available for 22 patients.5,7,8,10,12,13,15,16,27 Three patients
had supportive treatment and developed ESRD. Two received
FFP with one recovering, whereas the other reached ESRD.
One patient, treated by plasmapheresis (with 5% albumin),
died. Seven patients were treated by PE with five patients recovering, whereas one developed CRI and one reached ESRD.
Eight of 9 patients treated by PE and immunosuppressant recovered.
Our data and those from literature, strongly suggest altogether a good efficacy of PE associated with immunosuppressant at the anti-FH–associated HUS onset. Among the immunosuppressive treatments used, the rituximab’s efficiency
cannot be definitively assessed by our data and those from
literature.10,27 The anti-C5 antibody treatment should also be
considered in patients identified as at high risk of pejorative
outcome (with low C3 and FB levels and high creatininemia
levels at onset) to block the complement activation.
In the literature and in our series, 14 renal transplantations
have been performed in anti-FH–positive patients.8,13–15,28
Among the anti-FH–positive patients at the transplantation
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time, a rapid aHUS recurrence with graft loss was observed in 2
of 3 patients who had no specific treatment (Table 5). However, the immunosuppressive treatments administered for allograft rejection prevention might also play a role in controlling disease recurrence.
Regardless of the ethnic origins, the genetic background
includes the homozygous deletion of at least CFHR1 gene
found in ⬎90% of the patients. All deleted patients presented a
homozygous deletion of both CFHR1 and CFHR3 genes, except one patient, who is likely to be a compound heterozygote
with a CFHR1/CFHR3 heterozygous deletion and a CFHR1/
CFHR4 heterozygous deletion as recently reported.13 The absence of complete CFHR1 deficiency must not exclude the diagnosis of anti-FH–associated HUS as 10% of anti-FH–
positive patients exhibit circulating CFHR1 protein. Thus, the
term DEAP-HUS (deficiency of CFHR proteins and CFH autoantibody positive)7 is not appropriate to describe all cases of
anti-FH–associated-HUS.
In conclusion, our study describes the specific features of
the anti-FH autoantibodies–associated HUS. It identifies alternative pathway activation as major pejorative prognostic factors for relapse and renal survival. These data could help to
better diagnose this form of aHUS and to identify patients at
high risk of pejorative outcome.

CONCISE METHODS

Participants
All included patients were positive for the anti-FH IgG test and presented the criteria for the diagnosis of HUS: acute anemia, fragmented
red cells on blood film, thrombocytopenia (⬍150 g/L), and renal
dysfunction. Renal dysfunction was defined by one or several of the
following criteria: (1) serum creatininemia greater than normal values
according to their age; (2) urine protein/creatinine ratio ⬎0.2 g/g,
proteinuria ⬎0.02 g/mm, or characteristic histopathological findings
on renal biopsy.
Thirty-one patients were screened for the biologic criteria of a
shigatoxin-productive bacterial infection. A PCR for shigatoxin
(STX1 and STX2 were the targeted genes) was conducted on DNA
isolated from the stools, and detection of serum antibodies against

Table 5. Outcome of 14 renal transplantations (9 patients) from the literature and our series
Outcome

No. Cases

Graft loss due to aHUS recurrence, no specific treatment

3 (21%)

⬍1 month

Graft loss not due to recurrence, no specific treatment

2 (14%)

Favorable without specific treatment

6 (43%)

Favorable under PE
Favorable under PE ⫹ pretransplant anti-CD20

1 (7%)
2 (14%)

13 years (chronic allograft nephropathy)
11 years (chronic TMA)
1 month, 8 months,
2 years, 3 years,
6 years, 15 years
5 years
8 months and 5 years

a

Posttransplant Follow-up

Anti-FH Documented at
Transplantation Time
Positive in 2a15
Not documented in 1a15
Negativea15
Negativea15
Not documented in 58,13
Positive in 128
Positivea15
Positive in 2a14

Data included in our series.
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lipopolysaccharides (LPS) were both found to be negative. Among the
patients not tested, one was secondarily diagnosed as having a STEC
infection.
CRI was defined by a decreased creatinine clearance calculated by
the Schwartz or the MDRD methods, or by a creatininemia superior
to normal value according to the age. The absence of renal sequel was
defined by normal creatinine clearance or a normal serum creatininemia with no proteinuria.
An informed consent was obtained from each patient or parents of
children, and the study was approved by the Ethics Committee (CPP
Ile de France V, IDRCB2008-A00144-51).

Complement Assays
Measurement of CH50 activity in EDTA plasma samples was performed as described previously.18 Plasma concentrations of the complement components C4, C3, and Factor B (FB) antigens were measured by nephelometry (Dade Behring, Paris La Defense, France). FH
and FI antigen concentrations were measured by sensitive ELISA
methods.18 CD46 membrane expression was determined by flow cytometry.18

Anti-Factor H Antibody Assessment
Presence of anti-FH IgG was detected by using an enzyme-linked
immunosorbent assay (ELISA) method as described previously with
some modifications.5
Titers of positive samples were expressed as arbitrary units per mL
(AU/ml) and calculated using a calibration curve obtained with serial
dilutions of a reference positive plasma given an arbitrary titer from 100
to 2000 AU/ml. The positive threshold was calculated by the mean ⫹ 5
SD of those obtained in 100 individual healthy donors’ plasma. This titer
was determined to be 100 AU/ml, and titers above this value were considered as positive.

Genomic CFH, FI, and MCP DNA Sequencing
For genetic analysis, genomic DNA was extracted from peripheral
blood cells. Uncloned genomic DNA was amplified by means of a
PCR using oligonucleotides flanking each exon of each CFH, FI, and
MCP 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.18

Multiplex Ligation–Dependent Probe Amplification
The Multiplex Ligation–Dependent Probe Amplification (MLPA) reaction was performed as described previously.11 Sequences of probes
were designed to determine dosage for exon 23 of CFH, exon 5 of
CFHR1, and exon 3 of CFHR3 along with the control probe C1INH
exon 8. Reagents of MLPA reaction were purchased from MRC Holland (Amsterdam, The Netherlands), and the reaction was carried out
according to the manufacturer’s recommended protocol.
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France; A. Lionet and C. Noel, Lille, France; A. Wynckel and P. Rieu,
Service de Néphrologie, and T. Tabary, Service d’Immunologie, Reims, France; G. Landthaler, Service de Néphrologie pédiatrique,
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