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Supplementary methods 

 

Study design and patients 

The diagnosis of acute post-infectious glomerulonephritis (APIGN) was based on the 

clinical picture and laboratory analyses. APIGN was clinically defined by acute nephritic 

syndrome, complete or not (i.e. proteinuria ± hematuria ± hypertension ± edema ± acute 

renal failure) associated with low C3 level at onset followed by normalization within 90 

days. We chose a time limit of 90 days because of possibility of late normalization of C3 

level in some cases of confirmed APIGN (1). A total of 34 patients, coming from 12 French 

pediatric nephrology departments, who met inclusion criteria were included (Figure 1). 

Clinical data of patients from the first symptom to the last follow-up were retrospectively 

collected. We used the clinical criteria as follow: 

-Nephrotic syndrome was the association of a hypoalbuminemia < 25 g/L with a nephrotic 

range proteinuria (i.e. 24h proteinuria > 50 mg/kg/day or a proteinuria/creatininuria 

ratio > 200 mg/mmol). 

- Acute renal failure was defined, in this study, as a modified Schwartz estimated 

glomerular filtration rate < 90 mL/min/1,73m2. If a baseline creatinine was available, 

then the classification in KDIGO clinical practice guidelines for acute kidney injury was 

used (2). 

At diagnosis, renal disease was considered as severe in case of nephrotic syndrome 

and/or if dialysis was required. 

At follow up, renal recovery was considered as complete in patients with normal renal 

function, normal blood pressure and no proteinuria.  

In case of kidney biopsy, histological diagnosis of APIGN was defined using criteria (3) as 

follow: 

-on light microscopy: acute diffuse or focal endocapillary proliferative and exudative 

glomerulonephritis, without membranoproliferative pattern. 

-on immunofluorescence (IF): C3-dominant or codominant (with polyclonal Ig) 

glomerular staining with starry sky pattern, garland pattern or mesangial pattern. 

-Presence of subepithelial deposits on light microscopy and/or IF.   
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For comparison, we studied 60 patients, from the National French Registry, with biopsy 

proven pediatric onset C3 glomerulopathy, persistent low C3 level and/or criteria of CKD, 

as defined by KDIGO guidelines (2),  more than one year after the first renal symptoms.  

The histological criteria for diagnosis of C3G following the international consensus 

recommendations (4), were : 

-by light microscopy: different patterns of glomerulonephritis can be seen mesangial GN, 

membranoproliferative GN or endocapillary GN. 

- by immunofluorescence on kidney biopsy: bright diffuse predominant C3 glomerular 

staining (≥2+), of at least two orders of magnitude greater than any other immune 

reactant (i.e. Ig). 

Clinical and immunological data of 32/60 patients have already been published elsewhere 

(5–8). Among the 60 patients with hypocomplementemic-C3 glomerulopathy (H-C3G), 

16/60 (27%) had an infectious episode few days before the diagnosis (Figure S1). For 

anti-FB auto-antibody screening, only plasma samples collected at the acute phase of the 

disease (within two weeks after the first renal symptoms), available in 28/60 H-C3G 

patients (including 10/16 H-C3G with infectious trigger) were used. 

 

 

Complement assays 

For complement assessment, blood was drawn into tubes with the anticoagulant 

ethylenediaminetetraacetic acid (EDTA).  Plasma protein concentrations of C3, C4 were 

measured by nephelometry (Dade Behring, Deerfield, IL, USA). Soluble C5b-9 level was 

determined using the MicroVue sC5b-9 Plus EIA Assay (Quidel, San Diego, CA), according 

to manufacturer instructions.  

 

Detection of anti-FH, anti-C3b anti-FB and anti-C3bBb auto-antibodies. 

The ELISA method was used to detect anti complement auto-antibodies. The screening 

for anti-FB and anti-C3b antibody was performed as previously described (9).  

Briefly, coating of ELISA plates was performed at 10 to 15 g/ml of C3b or FB (all from 

Complement Technologies, Tylor, Texas) in PBS for 1h followed by a blocking of the plates 

by PBS-1% BSA. Plasma was diluted 1/200 in PBS-0.1% Tween 20 and was applied 1h. 

Bound IgG was revealed by anti-human IgG antibody conjugated with HRP (Southern 

Biotech) diluted in PBS-0.1% Tween 20. Enzymatic activity was measured using TMB 
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(tetramethylbenzidine) and OD was read at 450nm. A titration curve was included on all 

plates in this assay using a positive plasma sample. A 1/1000 dilution of this sample was 

given an arbitrary unit (AU) of 1000.  The OD value was converted into AUs using a 

standard curve of reference positive plasma. A threshold value was used to qualitatively 

differentiate between positive and negative results. The positivity threshold was 

determined by taking the mean + 2 standard deviations of titers using plasma samples 

from 80 healthy donors (56 AU/ml for anti-C3b and 88 AU/ml for anti-FB antibodies). The 

screening of anti-FH antibodies was performed as previously described (7). 

For detection of anti-C3bBb antibodies, purified human C3b (5µg/ml) was coated on a 96-

well microtiter plate pretreated with 0.25% glutaralde-hyde in PBS and allowed to sit 

overnight at 4°C. After washing three times with PBS, free reactive sites were blocked with 

1% BSA in PBS for 1 hour at 37°C. FB (5µg/ml) and FD (0.25µg/ml) in GVB + 2mM NiCl2 

were added to the washed wells for 5 minutes at 37°C, followed by three washes with 

GVB-EDTA. A C3b-onlywell was used as a control. Deactivated patient plasma (1:100 

dilution) was added to a C3 convertase well and a C3b-only well for a 30-minutes 37°C 

incubation. Plates were washed with PBS Tween 0.1% and incubated for 1 hour at room 

temperature with anti-human IgG antibody conjugated with HRP (Southern Biotech). 

Enzymatic activity was measured using TMB and OD was read at 450nm (10).  

 

Determination of heavy chain isotype specificity of anti-FB and anti-C3bBb 

antibodies. 

The heavy chain (HC) IgG subtypes of anti-FB antibodies were determined by an anti-FB 

ELISA. After plasma incubation and washing, isotype-specific mouse antibodies directed 

against IgG1, IgG2, IgG3, and IgG4 (NL16 for IgG1, GOM2 for IgG2, ZG4 for IgG3 and RJ4 or 

IgG4) (Unipath, Bedford, UK), diluted PBS-0.1% Tween 20 were incubated 1h. Bound IgG 

was revealed by a rabbit anti mouse IgG Antibody (Jackson ImmunoResearch) diluted in 

PBS-0.1% Tween 20. Enzymatic activity was measured using TMB and OD was read at 

450nm. 

 

Complement genes analysis 

Genetic variation screening of CFH, CFI, C3, CFB and CFHR5 genes and complex 

rearrangement between CFH/CFHRs were undertaken using Sanger sequencing and 

multiplex ligation-dependent probe amplification as previously described (6). 
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For the genes of interest, we compared frequency of rare variant (minor allele frequency 

<0.1%) identified in APIGN and H-C3G patients to two different population controls: 80 

French healthy volunteers (11) and European individuals (n=503) from the 1000 

Genomes Project  (12) for the CFH, CFI, CFB and C3. The variant call format files located 

on the 1000 Genomes server (ftp://ftp.1000genomes.ebi.ac.uk) were parsed using the 

Ferret tool (13) to extract the genetic information of rare coding variants. From the 

genotypes, we computed the occurrence of rare coding variants in each individual. 

 

Study of Anti-Factor B auto-antibody binding on Factor B peptides  

Various in silico approaches were used combined with structural analysis to design the 

FB peptides. The epitope prediction and analysis server (14) was used using sequences 

and/or structural information as query input. The structural analysis was performed with 

the PyMol package. These investigations led to the selection of 32 linear peptides for the 

active fragment of FB, Bb. Cysteine residues presents in the peptide sequences were 

replaced by Alanine to avoid potential inappropriate formation of disulfide bridges (Table 

S4). Peptides were produced by ChinaPeptides laboratory. Study of anti-FB antibodies 

binding to these 32 peptides was performed by ELISA. The 32 different peptides of FB 

were coated on well plates at a concentration of 50 g/ml in PBS for 1h. After a blocking 

with PBS-1% BSA, patient plasma diluted 1/200 in PBS-0.1% Tween 20 were incubated 

1h. Bound IgG was revealed by anti-human IgG antibody conjugated with HRP (Southern 

Biotech) diluted in PBS-0.1% Tween 20, followed by TMB substrate system. The OD was 

read at 450nm. The threshold value of positivity was determined by taking the mean +2SD 

of titers using plasma samples from 9 healthy donors.  

 

Alignment search between peptides and streptococcal strain 

Similarities between protein sequences of hotspots peptides and streptococcal proteins 

(referred on the refseq_protein database) were search on the Basic Local Alignment 

Search Tool (BLAST) (https://blast.ncbi.nlm.nih.gov/) using the blastp (protein-protein 

BLAST) algorithm. 

 

Expression of recombinant Factor B 

Sixteen different recombinant FB were produced (one wild type FB and 15 FB mutants) 

after structural analysis.  The mutations were introduced in a FB gene containing plasmid 
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by site-directed mutagenesis. The plasmid-containing recombinant FB construct and the 

mutagenesis protocol were described previously (15). Proteins were expressed in Expi 

293 cells (Life technology) after transfection with Expifectamine reagent. Serum-free 

supernatant, containing recombinant proteins, was harvested after 7 days of culture.  

The integrity of recombinant Wild Type FB and FB mutants was tested by Western blot 

(precasted gels and rapid transfer system iBlot by Invitrogen). Proteins in the culture 

supernatants were separated by SDS-PAGE, transferred to a nitrocellulose membrane, 

and probed with an in-house biotinylated polyclonal sheep anti-human FB antibody 

(Quidel) followed by streptavidin–horseradish peroxydase (Amersham) and ECL 

substrate (GE Healthcare). The FB content was assessed by sandwich ELISA using 

immobilized polyclonal sheep anti-human FB antibody (Quidel) for capturing and 

biotinylated sheep anti-human FB followed by streptavidin–horseradish peroxydase 

(Dako) for detection as described previously. Plasma-derived FB (Comptech, Tylor, TX) 

served as a standard. 

 

ELISA for the study of anti-Factor B antibodies binding to recombinant Factor B 

Recombinant FB (WT and mutated proteins) were purified by Fast protein liquid 

chromatography technology. Coating of ELISA plates was performed at 10 g/ml of the 16 

different recombinant FB in PBS for 1h. After a blocking of the plates by PBS-BSA 1%, 

patients’ plasma diluted 1/200 in PBS-0.1% Tween 20 were applied. Bound IgG was 

revealed by anti-human IgG antibody conjugated with HRP (Southern Biotech) diluted in 

PBS-0.1% Tween 20, followed by TMB substrate system. The OD was read at 450nm.   

 

Structure analysis 

The crystal structure of FB (16), B from C3bBD  (17) and Bb of the C3bBb complex (18) 

were obtained from the Protein Data Bank (19). Analysis of the peptides and of the amino 

acids and generation of the figures were carried out with the PyMol software 

(https://www.pymol.org/)(PyMOL Molecular Graphics System, DeLano Scientific, San 

Carlos, CA) (version 1.8). For this study, the numbering is according to the mature protein 

sequence (without the 25-amino acid long leader peptides). Hotspot residues identified 

in this study, and important functional residues were mapped onto this structural model. 

 

Immunoglobulin G Purification  
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IgG were purified from EDTA plasma of APIGN patients or from EDTA plasma of control 

individuals (healthy donors, C3G patients positive for anti-C3bBb antibodies) by using 

Protein G beads (GE Healthcare), as recommended by the manufacturer. The IgG 

concentration was determined by a Nanodrop spectrophotometer. 

 

Fluid phase C3/C5 convertase activation in normal human serum in presence of 

patient’s IgG  

Purified IgG (2mg/ml) from patients or controls (healthy donors) were incubated for 30 

min at 37°C in normal human serum diluted 1:3 in presence of 10 mM MgCl2, 40mM NaCl, 

10mM EGTA Hepes buffer to block the classical and lectin pathway. After incubation, the 

generation of C3a, Bb, C5a and sC5b9 was quantified by the Micro Vue C3a, Bb, C5a and 

sC5b9 Kit (Quidel) according to the manufacturer’s instructions.  

 

Study of solid phase C3/C5 convertase formation in presence of patient’s IgG 

To test the ability of anti-FB antibodies to enhance membrane-bound C3bBb formation, 

sheep erythrocytes–bearing C3b were incubated in 0.5mM MgCl2, 0.15mM CaCl2 

Dextrose Gelatin Veronal buffer Salin with total purified IgG (8mg/mL) from APIGN 

patients or controls and appropriate concentration of FB (Complement Technology Inc., 

Tyler, Tx) and FD (Sigma-Aldrich) to obtain a Z (lytic sites per cell) of 0.3. After 30 minutes 

of incubation, lysis was developed by the addition of rat serum and measured by 

spectrometry (Optic density 414nm). In this test, lysis directly reflects C3/C5 convertase 

formation. 

 

Study of solid phase preformed C3 convertase dissociation in presence of patient’s 

IgG 

We next studied the capacity of anti-FB antibodies to inhibit the spontaneous dissociation 

of surface bound C3 convertase. Sheep erythrocytes–bearing C3b were incubated with 

appropriate concentration of FB (Complement Technology Inc., Tyler, Tx) and FD (Sigma-

Aldrich) to form a surface bound C3 convertase and a Z (lytic sites per cell) at 0.3. After 

the formation of C3 convertase, total purified IgG of patients and controls, diluted in EDTA 

buffer were added. Rat serum was then added, directly (T0) or after a period of 20 

minutes in presence of EDTA, during which time the labile C3bBb sites have decayed. In 
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this test, lysis at T0 and T20 reflected the baseline and the residual C3 convertase formed 

on erythrocytes respectively.  

 

C3b and C3bBb formation by ELISA in presence of patients’s IgG 

In order to test the interaction between FB and C3b in presence of total purified IgG from 

patients with APIGN. Purified FB (CompTech) was coated on well plates at a concentration 

of 5g/ml in PBS for 1h. After a blocking with PBS-1% BSA, a mix of IgG from patients or 

healthy donors (100g/ml)  and C3b (Comptech) diluted GVB+ 0.5mM MgCl2, 0.15mM 

CaCl2 was incubated 1h. Bound C3b to FB  was revealed by biotinylated anti-human C3 

antibody (Quidel) diluted in PBS-0.1% Tween 20, followed by TMB substrate system. The 

OD was read at 450nm. 

In order to test the effect of patients’ IgG on C3bBb formation, purified human C3b was 

coated on plate pretreated with glutaraldehyde in PBS. After washing, free reactive sites 

were blocked with 1% BSA in PBS. FB and FD in GVB + 2mM NiCl2 and purified IgG 

(100g/ml) from APIGN patients and healthy donors were added to the wells. After 

washing with GVB-EDTA, formation of C3bBb was detected by biotinylated anti-FB 

antibody (Quidel) followed by TMB substrate system. The OD was read at 450nm. 
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Supplementary results 

 

Clinical data of APIGN patients at diagnosis, treatment and outcomes 

Detailed clinical data are provided in Table 1. All patients had nephritic syndrome.  Data 

on proteinuria at the initial phase were available for 33/34 patients. Eleven of them 

(11/33, 33%) had nephrotic range proteinuria and 27/34 (79%) patients had acute 

kidney injury including 5 (15%) patient requiring transient dialysis. 

Eighty-two percent of patients (27/34) had a recent history of infection. At the time of 

renal diagnosis, the infection site was identified for 23 patients. In these patients, 

streptococcus was the likely responsible pathogen in 20/23 cases. An infectious agent was 

found in 22/28 (79%) of APIGN patients when microbiological explorations were done. 

Arguments for a streptococcal infection were found in 20/22 patients (positive blood 

anti-streptolysin and/or anti-DNAse B antibodies and/or immunochromatographic test 

on a throat swab). The other pathogens found were Mycoplasma pneumoniae (serological 

diagnosis, n=2), Epstein-Barr virus (EBV) (n=3) and Escherichia coli (urines, n=1). 

Thirteen patients (39%) received corticosteroids. The median (IQR) follow-up duration 

was 316 days (154-496). At the last follow-up, recovery of nephritic syndrome was 

observed in all 32 patients with complete available data. One patient had persistent 

proteinuria and microhematuria and was quickly lost to follow-up (57 days). Another 

patient had no proteinuria under Enalapril at the last follow-up so we could not assert 

that he would still have no proteinuria after discontinuation of this medication. Finally, 1 

patient had hypertension at the last follow-up 127 days after the 1st symptom. A renal 

biopsy was performed in all and was compatible with APIGN (Table S1).The main 

histological characteristics of APIGN such as endocapillary proliferation with PMN cell 

infiltration, as well as extramembranous deposits by light microscopy or C3 deposition by 

immunofluorescence were also identified in patients with hypocomplementemic C3 

glomerulopathy. Chronic lesions such as sclerotic glomeruli, interstitial/tubular atrophy 

were absent in all APIGN patients but were present in 13/44 H-C3G patients, including 

6/13 H-C3G patients with infectious trigger. However, median delay between first renal 

symptoms and kidney biopsy was 13 (6-20) and 23 (4-86) days in APIGN and H-C3G with 

infectious trigger and could explain more frequent chronic lesions in C3G patients. 

Notably, in the 5 APIGN children with identified rare variants on complement genes, 

presentation of the disease was typical. At last follow up (30, 264, 360 and 638 days after 
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acute phase), clinical data were available in 4 cases and all of them had recovery of 

nephritic syndrome without persistent proteinuria or renal failure. One patient had 

persistent microhematuria after a short term follow up (30 days).  

 

 

Anti-complement auto-antibodies in APIGN and H-C3G patients. 

Among the 34 patients with APIGN, 34 patients were tested for anti-FB antibodies and 

anti-C3b antibodies, 31 APIGN patients were tested for anti-C3bBb antibodies and 23 

APIGN patients were tested for anti-FH reactivity. 

At diagnosis, none of APIGN had anti-FH auto-antibodies (0/23 (0%) tested patients). 

31 APIGN patients were tested for all three anti-C3b, anti-FB and anti-C3bBb antibodies. 

In these 31 patients, we found: 

-Isolated anti-FB antibodies in 18/31 patients 

-Positive anti-FB antibodies combined with anti-C3b in 1/31 patient. 

- Positive anti-FB antibodies combined with anti-C3b and anti-C3bBb antibodies in 2/31 

patient. 

- Positive anti-FB antibodies combined with anti-C3bBb antibodies in 7/31 patients 

-Isolated anti-C3bBb antibodies in 1 patient. 

-no antibody in 2 patients 

Three additional patients in whom the complete work-up could not be performed due to 

lack of plasma were positive for anti-FB antibodies, including one patient positive both 

for anti-C3b reactivity (anti-C3bBb reactivity not available), and two patient negative for 

anti-C3b antibodies (anti-C3bBb reactivity not available). 

 

Frequency of anti-FH antibodies in APIGN was significantly lower (0/23 (0%) than in H-

C3G patients (10/48 (21%) (p=0.02). Frequency of anti-C3b antibodies was similar in 

APIGN and H-C3G (Table 2).  

We compared immunological characteristic of APIGN (n=34) including 20 biopsy-proven 

APIGN to 60 H-C3G patients including 16 patients with H-C3G triggered by infectious. 

Proportion of patients with APIGN and biopsy-proven APIGN with positive anti-FB 

antibodies was significantly increased compared to patients with H-C3G (p<0.0001 and 

p<0.0001 respectively) or patients with H-C3G triggered by infection (p<0.0001 and 

p<0.0001 respectively). Proportion of patients with elevated sC5b-9 was significantly 
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increased in APIGN or biopsy-proven APIGN patients compared to H-C3G or H-C3G 

triggered by infection (Table S2).  

 

Frequency of anti-C3bBb auto-antibodies in APIGN patient (10/31 (32%)) and biopsy-

proven APIGN was significantly lower than in H-C3G patients (24/41 (59%) (p=0.033). 

Frequency of anti-C3bBb auto-antibodies in biopsy-proven APIGN tend to be lower than 

in H-C3G patients (6/20 (33%) versus 24/41 (59%); p=0.055) (Table 2 and Table S2). 

Anti-C3bBb auto-antibodies in APIGN patients did not correlate with C3 levels and sC5b9 

level (Fig S3 C-D). 

After a median delay of 48 (15-77) days following the first anti-FB antibody screening, all 

patients except 6 (P6, P22, P25, P28, P29 and P32 were negative for anti-FB antibodies 

(Figure 3B). At this time, C3 level remains low in 3/34 patients with a median C3 level of 

970 (837-1128). in the 3 patients with persistent low C3 level despite disappearance of 

anti-FB antibodies, complement analysis were performed 3, 10 and 50 days after first 

complement assay. On a clinical point of view, at the time of last screening of anti-FB 

antibodies, all patients had recovery of nephritic syndrome. However, 18/34 patients had 

persistent renal abnormalities (High Blood Pressure and/or Hematuria and/or 

proteinuria) (Figure 3A). 

 

Isotype specificity of anti-FB and anti-C3bBb auto-antibodies in APIGN patients 

Using ELISA, we determined heavy chain isotype specificity of anti-FB auto-antibodies in 

24/31 positive patients' samples. In 18 and 2 cases, anti-FB auto-antibodies were of 1 or 

3 subclass respectively. In 4 cases, anti-FB auto-antibodies were of 1, 3 and/or 4 

isotype specificities. In 8 APIGN patients positive for both anti-FB and anti-C3bBb auto-

antibodies, the isotype specificity of the anti-C3bBb was also determined by ELISA. In 5/8 

(63%) patients, anti-C3bBb antibodies were of 3 subclass whereas in the 3 others, anti-

C3bBb were of  or 1+4 or 1+3 subclasses (table S4). 

 

C3 convertase formation but not stabilization is enhanced in presence of anti-FB auto-

antibodies  

Thirty percent of APIGN patients have combined anti-FB and anti-C3bBb antibodies. In 

APIGN, we demonstrated the capacity of total purified IgG to enhance C3 convertase on 

red blood cell resulting in significant increase of RBC lysis. Lysis of RBC was similar in 
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APIGN with isolated anti-Fb antibodies or combined anti-FB and anti-C3bBb antibodies 

(p=0.98) (Figure S9). 

 

C3bB and C3bBb formation by ELISA in presence of patients’ IgG 

In presence of IgG from 15/28 (54%) APIGN patients, C3b binding to FB was significantly 

increased compared to healthy donors (above mean +2SD) suggesting that anti-FB 

antibodies may favor pro convertase formation (Figure S9A). In presence of purified IgG 

from 4/20 (20%) APIGN patients, we found that C3bBb formation was significantly 

increased compared to C3bBb formation in presence of IgG from healthy donors (above 

mean+ 2SD of the healthy donors) (Figure S9B). 
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Supplementary tables 

 

 

Table S1: histopathological data of APIGN patients and hypocomplementemic C3 

glomerulopathy (with or without infectious trigger) 

 APIGN H-C3G P value 

  All H-C3G w/o infectious trigger w/ infectious trigger a b c 

 n=20 n=49/60 n=35/44 n=14/16    

Light microscopy        

Endocapillary proliferation  20/20 (100%) 49/49 (100%) 35/35 (100%) 14/14 (100%) 1 1 1 

PMN endocapillary infiltration 20/20 (100%) 26/34 (76%) 12/20 (60%) 14/14 (100%) 0.02 0.003 1 

Extra capillary proliferation 9/20 (45%) 21/49 (43%) 13/35 (37%) 8/14 (57%) 1 0.58 0.72 

mesagial proliferation 8/20 (40%) 38/49 (78%) 28/35 (80%) 10/14 (71%) 0.005 0.004 0.09 

Extramembranous deposits 10/19 (53%) 14/42 (33%) 7/31 (23%) 7/11 (63%) 0.17 0.04 0.71 

sclerotic glomeruli 0/20 (0%) 8/45 (18%) 5/31 (16%) 3/14 (21%) 0.05 0.57 0.06 

interstital inflammation 6/20 (30%) 21/42 (50%) 14/31 (45%) 7/11 (64%) 0.17 0.38 0.13 

intertitial fibrosis/tubular atrophy 0/20 (0%) 13/44 (30%) 7/31 (23%) 6/13 (46%) 0.001 0.04 0.001 

arteriolosclerosis/arteriolar hyalinosis 0/20 (0%) 4/45 (9%) 2/31 (6%) 2/14 (14%) 0.3 0.51 0.16 

Immunofluorescence        

C3 staining 20/20 (100%) 49/49 (100%) 35/35 (100%) 14/14 (100%) 1 1 1 

IgG staining 4/20 (20%) 2/49 (4%) 1/35 (3%) 1/14 (7%) 0.05 0.05 0.37 

Location of C3 deposition        

mesangial 12/20 (60%) 24/42 (57%) 18/28 (64%) 6/14 (43%) 1 1 0.48 

allong capillary wall 7/20 (35%) 31/42 (74%) 22/28 (79%) 9/14 (54%) 0.005 0.003 0.16 

extramembranous 7/20 (35%) 6/42 (14%) 2/28 (7%) 4/14 (29%) 0.09 0.02 1 

Abbreviations: H-C3G, hypocomplementemic C3 glomerulopathy; w/, with; w/o, without; PMN 
polymorphonuclear cell  
a)Between APIGN and all H-C3G 
b)Between APIGN and H-C3G without infectious trigger 
c)Between APIGN and H-C3G with infectious trigger 
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Table S2: Immunological findings of patients with acute post-infectious 
glomerulonephritis and hypocomplementemic-C3 glomerulopathy.   

 APIGN H-C3G P value 

 

 
APIGN 

(A) 
N=34 

Biopsy-
proven APIGN 

(B) 
N=20 

H-C3G 
(C) 

N=60 

H-C3G with 
infection 

(D) 
N=16 

B vs C A vs D B vs D 

C3 level -mg/L (660-1250) 
Median 
IQR 

 
217 

138-310 

 
277 

192-323 

 
257 

138-449 

 
369 

216-531 
0,89 0.015 0.11 

Low C3 level (<660mg/L) no (%) 
34/34 

(100%) 
20/20 (100%) 

60/60 
(100%) 

16/16 
(100%) 

1 1 1 

Soluble C5b-9 level -ng/mL 
(<420ng/mL) 
Median 
IQR 

 
877 

659-1700 

 
719 

659-1303 

 
634 

368-1565 

 
408 

247-565 
0.39 0.0014 0.007 

Elevated sC5b-9 (>420ng/mL); n 
(%) 

22/27 (81%) 13/16 (81%) 
31/55 
(56%) 

5/13 (38%) 0.08 0.011 0.026 

Anti-FB Abs*, no (%) 31/34 (91%) 19/20 (95%) 
4/28 

(14%)** 
0/10 (0%)** <0.0001 <0.0001 <0.0001 

Anti-C3bBb Abs*, no (%) 10/31 (32%) 6/20 (33%) 
24/41 
(59%) 

7/12 (58%) 0.055 0.17 0.15 

Anti-FH Abs*, no (%) 0/23 (0%) 0/14 (0%) 10/48(21%) 3/10 (30%) 0.098 0.02 0.059 

Anti-C3b Abs*, no (%) 4/34 (12%) 1/19 (5%) 3/41 (8.5%) 1/10 (10%) 0.7 1 1 

Abbreviations: Abs: antibodies; APIGN: acute post-infectious glomerulonephritis; FB: 
factor B; FH: factor H, H-C3G: hypocomplementemic C3 glomerulonephritis; IQR, 
interquartile range; sC5b-9: soluble C5b-9.  
 * Auto-antibodies were screened by ELISA. 
** Anti-Factor B antibodies were screened at acute phase. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 16 

Table S3: Isotype specificity of anti-Factor B and anti-C3bBb antibodies by ELISA in 
patients with acute post-infectious glomerulonephritis and related C3 and sC5b-9 levels.  

 Anti-FB Abs Anti-C3bBb Abs Biomarkers 

APIGN 
patients 

positivity 
(>88 UA) 

Isotype 
specificity 

positivity 
(>53 UA) 

Isotype 
specificity 

C3 level 
(mg/mL) 

sC5b9 level 
(ng/mL) 

P1 686   18 NT 307 219 

P2 1250 NA 12 NT 186 1368 

P3 175  0 - 242 877 

P4 2722  1 - 96 NA 

P5 352  55 NT 293 704 

P6 1164  0 - 62 1940 

P7 1770  12 - 331 1644 

P8 135  0 - 268 735 

P9 54 NA 0 NT 317 NA 
P10 357 NA 703 NA 141 NA 
P11 120 NA 0 NT 219 NA 

P12 421  0 - 307 1912 

P13 31 NA 1353  447 877 

P14 164  2 - 317 371 

P15 950   0 - 92 1922 

P16 1666   0 - 62 2255 

P17 177  0 - 456 659 

P18 68 NA 0 NT 164 353 

P19 128  293  421 348 

P20 275  1055  324 659 

P21 265  456  135 NA 
P22 571 NA NA NT 105 1700 

P23 389   30 - 218 975 

P24 768  18 - 95 1901 

P25 959  1202  320 289 

P26 833 NA NA NT 158 1708 
P27 109 NA 0 NT 216 NA 

P28 1786  180  180 NA 

P29 1200  0 - 189 1107 

P30 261  1368  308 689 

P31 503 NA 274 NA 140 1088 
P32 1180 NA 0 NT 75 1649 

P33 236  792  286 678 

P34 336  0 - 201 699 

Abbreviations: Abs: antibodies; FB: Factor B; APIGN: acute post-infectious 

glomerulonephritis, NA: not available, NT: not tested, UA: arbitrary units. 
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Table S4: Complement assays at disease onset and at last anti-FB antibody screening 
 

  
APIGN 

N=34 

Delay between first renal symptoms and first complement assay 9 (3-15) 

Delay between infection and first complement assay 14 (7-24) 

Complement assay at the time of first blood collection  

C3 level -mg/L (660-1250) 217 (138-310) 

Low C3 level (<660mg/L) 100% 

C4 level -mg/L (93-380) 247 (189-316) 

Low C4 level -mg/L 0 (0%) 

Soluble C5b-9 level (<460ng/mL)  877 (659-1700) 

Elevated sC5b-9 (> 460ng/mL) 22/27 (81%) 

Anti-FB Abs, n (%) 31/34 (91%) 

Anti-C3bBb Abs, n (%) 10/31 (32%) 

Anti-FH Abs, n (%) 0/23 (0%) 

Anti-C3b Abs, n (%) 4/34 (12%) 

At the time of last anti-FB antibodies screening  (days) 48 (15-77)* 

Anti-FB Abs, n (%) 6/31 (19%) 

C3 level -mg/L (660-1250) 970 (837-1128) 

Persistent low C3 level 3/34 (9%)** 

Abbreviations: Abs: antibodies, APIGN: acute post-infectious glomerulonephritis, FB: Factor B, FH: Factor 
H,; IQR: interquartile range, sC5b-9: soluble C5b-9.  
Results are expressed as median (IQR) 
* median delay (IQR) after first complement assay 
** in these 3 patients with persistent low C3 level despite disappearance of anti-FB antibodies, delay was 3, 
10 and 50 days after first complement assay. 
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Table S5: List of the 32 linear peptides of FB  

Code  peptides without the 25-amino acid 
long leader peptides 

1 DGSDSIGASNFTGAK 251-265 

2 FTGAKKALVNLIEKVAS 261-277 

3 VNLIEKVASYGVKPR 269-283 

4 ATYPKIWVKVSEADSSNA 290-307 

5 SEADSSNADWVTKQL 300-314 

6 VTKQLNEINYEDHKLKS 310-326 

7 KKALQAVYSMMSWPDDV 331-347 

8 SWPDDVPPEGWNRTR 342-356 

9 LHNMGGDPITVIDEI 366-380 

10 VIDEIRDLLYIGKDR 376-391 

11 YIGKDRKNPREDY 386-397 

12 PLVNQVNINALASKK 407-421 

13 LASKKDNEQHVFKVK 417-431 

14 KVKDMENLEDVFYQM 429-443 

15 VFYQMIDESQSLSL 439-451 

16 VWEHRKGTDYHKQ 456-468 

17 QAKISVIRPSKGHES 471-485 

18 TAAHACFTVDDKEHS 498-511 

19 EHSIKVSVGGEKRDL 509-523 

20 KRDLEIEVVLFHPNY 520-534 

21 PNYNINGKKEAGIPE 532-546 

22 KLKNKLKYGQTIRP 556-569 

23 TEGTTRALRLPPTTT 575-589 

24 LPPTTTAQQQKEEL 584-597 

25 QQQKEELLPAQDIKAL 591-606 

26 IKALFVSEEEKKLTRKE 603-619 

27 NGDKKGSAERDAQY 624-637 

28 DAQYAPGYDKVKDISEVVTPR 634-654 

29 GVSPYADPNTARGDS 660-674 

30 VHKRSRF 680-686 

31 SWGVVDVAKNQKR 693-705 

32 NLFQVLPWLKEKLQDEDLGF 719-739 
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Table S6: Number and proportions (%) of children with APIGN, of French controls and of 
controls from the 1000 Genomes project database, who carried at least one rare variant 
(MAF <0.1) in one of the 4 tested complement genes (C3, CFB, CFH, CFI). 

 

Complement 
abnormalities 

APIGN 
n=23 

French 
Controls 

n=80b 

1000 
Genomes 
Controls 
n=503b 

H-C3G 
N=45 

Patients with 
APIGN versus 

French Controls 

Patients with 
APIGN versus 

1000 Genomes 
Controls 

Patients with 
APIGN versus 
Patients with 

H-C3G 

 n (%) n (%) n (%) n (%) 
OR; 95% CI; 

P-Valuec 

OR; 95% CI; 
P-valuec 

OR; 95% CI; 
P-valuec 

Individuals with 
a variant with 

MAF <0.1% 
5 (21) 5 (6.25) 42 (8.3) 6 (13) 

4.1; 1.08 to 16; 
0.04 

3; 1.1 to 8,6; 
0.04 

1.8; 0.4 to 6.7; 
0.4 

Individuals with 
a pathogenic 

variant with MAF 
<0.1% 

1 (4.3) 0 (0) 4 (0.8) 3 (6.6) 0.2 0.2 
0.6;0.06 to 

6.4; 
1 

Individuals with 
CFH variant with 

MAF <0.1% 
3 (13) 1 (6.25) 7 (1.4) 3 (6.6) 

4.1; 4.1 to 16; 
0.03 

10.6; 2.5 to 44; 
0.007 

2; 0.3 to 11; 
0.4 

Individuals with 
a C3 variant with 

MAF <0.1% 
0 (0 4 (0) 10 (2) 3 (6.6) 0.5 1 0.5 

Individuals with 
a CFB variant 

with MAF <0.1% 
2 (8.7) 0 (0) 7 (1.4) 0 (0) 0.04 0.05 0.1 

 
OR: Odds ratio; CI: 95% confidence interval; MAF: minor allele frequency; VUS: variant of 
uncertain significance; APIGN: acute post infectious glomerulonephritis; H-C3G: 
hypocomplementemic C3 glomerulopathy. 

a. 23 of the 34 patients with APIGN were screened for variants in the 4 tested complement 
genes.  

b. All controls were screened for variants in the 6 tested complement genes. 
c. P-value with Fisher exact test 
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Table S7 Rare variants identified in 5 of 23 (21.7%) patients with acute post-infectious 
glomerulonephritis and in 6 of 45 (13%) patients with hypocomplemntemic-C3 
glomerulopathy among C3, CFB, CFH, CFI genes 
 

Patients Gene Variant 
Genetic 
status 

Allele frequency 
given by Exome 

aggregation 
consortiuma (%) 

Polyphen 2 
prediction 

Variant 
categorization 

APIGN 1  CFH 
c.1949G>T 
Gly650Val 

He 0.02315 Benign VUS 

APIGN 2 CFH 
c.2321A>G 

p.N774S 
He 0.002543 Benign VUS 

APIGN 3 CFH 
c.3584A>G 

p.Glu1195Gly 
He Not found 

Probably 
damaging 

Likely 
pathogen b 

APIGN 4 CFB 
c.479A>G 

p.Asn160Ser  
He 0.00086 Benign VUS 

APIGN 5 CFB 
c.1540G>T 

p.Ala514Ser 
He Not found 

Probably 
damaging 

VUS 

H-C3G 1 CFH 
c.694C>T 
p.Arg232* 

He 0.0016 Gained Stop Pathogenic 

H-C3G 2 CFH 
c.2017T>C 

p.Cys673Arg 
He Not found 

Probably 
damaging 

Pathogenic 

H-C3G 3 CFH 
c.3128G>C 

p.Cys1043Ser 
He Not found 

Probably 
damaging 

Pathogenic 

H-C3G 4 C3 
c.3536A>C 

p.Asn1179Thr 
He Not found Benign VUS 

H-C3G 5 C3 
c.2381T>G 

p.Phe794Cys 
He Not found 

Probably 
damaging 

VUS 

H-C3G 6 C3 
c.647A>C 

Gln216Pro 
He Not found 

Probably 
damaging 

VUS 

 
CFH: complement factor H; CFB Complement Factor B, CFI: Complement Factor I; He: heterozygous; VUS: 
variant of uncertain significance; APIGN: acute post infectious glomerulonephritis; H-C3G: 
hypocomplementemic C3 glomerulopathy. 

a. http://exac.broadinstitute.org/ 
b. p.Glu1195Gly is an exposed residue and in a proposed C3d /GAG binding region. 

http://exac.broadinstitute.org/
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French cohort of biopsy-
proven C3 glomerulopathy in 

children
N=211

H-C3G*
N=60

Plasma samples available at 
disease onset

N=28/40

IC-MPGN
N=54

Figure S1: Population study of 60 patients with hypocomplementemic C3 
glomerulopathy (H-C3G)
Among 211 children referred to the laboratory of Immunology at the European
Hospital Georges Pompidou for exploration of  complement proteins in the setting 
of glomerulopathy with C3 deposits, we included 60 children with permanent low
C3 level (defined by low C3 level for at least one year after diagnosis). Samples
collected at disease onset were available in 28 cases.
IC-MPGN: immune complex MembranoProliferative Glomerulonephritis
H-C3G: hypocomplementemic C3 glomerulopathy

Normal C3 level or no control after
one year of follow up

N=97

H-C3G with infectious trigger
N=16/60

Plasma samples available at 
disease onset

N=10/16

Subgroup of analysis
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Figure S2: Titers of anti-Factor B antibodies in patients with acute post 
infectious glomerulonephritis (APIGN) and hypocomplementemic C3 
glomerulopathy (H-C3G)
A) Anti-FB antibodies titers of  all children with APIGN or children with biopsy-

proven APIGN were compared to that of H-C3G or  H-C3G with infectious 
trigger. 

B) Anti-FB antibodies were screened in a control group of patients with IgA 
nephropathy  (n=15)  and lupus nephritis (LN) (n=26) and were negative in all 
patients 
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Figure S3 : Correlation between biomarkers and anti-complement protein antibody
titers in patients with acute post infectious glomerulonephritis (APIGN).
A) C3 level tended to inversely correlate with anti-Factor B antibodies titers in APIGN 
patients with isolated anti-FB antibodies (n=18) (p=0.056, r2= 0.27). B) Soluble C5b-9 
level correlates with anti-FB titers in APIGN patients with isolated anti-FB antibodies
(n=17/18 with available sC5b-9 level)  (p=0.004, r2= 0.55)
C) C3 level did not correlate with anti-C3bBb antibodies titer in APIGN patients with
anti-FB combined with anti-C3bBb antibodies (n=10)  (p=0,12 r2=-0,29) . D) Soluble 
C5b9 level did not correlate with anti-C3bBb antibodies titer (p=0.96 r2=0.01). 

P=0.96

A B
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Figure  S4 A: Anti-Factor B antibody binding to linear peptides of 
detection of  vW domain of FB by ELISA.
Results are expressed as OD. Dotted line represent the mean +2 
standard deviations of healthy donors (HD)
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Figure S4 B: detection of anti-Factor B auto-antibody binding to linear peptides  of  Serin 
Protease domain of FB by ELISA.
Results are expressed as OD. Dotted line represent the mean +2 standard deviations of 
healthy donors (HD)
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Figure S5: Anti-Factor B antibody binding to peptides of Factor B according to the 
severity of the disease at diagnosis
The reactivity of auto-antibodies against 16 linear peptides of von Willebrand type A 
domain and 16 linear peptides of Serine Protease domain of Factor B in plasma 
samples from 29 APIGN children were tested by ELISA. Patients were categorized 
according to the presence or not of nephrotic syndrome and/or required dialysis at 
disease onset (data available in 28/29 tested patients). For each peptide, the number 
of positive patients with non severe disease (black bar) was compared to number of 
positive patients with severe disease (white bar) (Fisher exact test). 
Peptides 439-451, 532-546, 556-569, 575-589 and 680-689 were not recognized by 
any patients Ig and not indicated on the figure.
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Figure S6: Position on C3bBb molecular structure of peptide 624-637 associated with
non severe renal presentation.
Peptide 624-637 (in green) is located on the Serine Protease domain of Factor B (in
grey), close to the catalytic triad (in yellow)
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Figure S7: Anti-Factor B antibody binding to recombinant Factor B by ELISA
We tested anti-FB antibody binding to recombinant Wild type Factor B and 15
recombinant Factor B bearing amino acid changes, including 12 amino-acid changes in
the von Willebrand (vW) type A domain and 3 in the Serine Protease (SP) domain of
Factor B. Results are expressed in OD. Means ±2SD of the binding to the WT are
indicated in dotted lines. Five mutations were associated with a significant decrease
of anti-FB antibody binding to Factor B whereas 2 were associated with a significant
increase

m+2SD
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Figure S8: Molecular structure of C3bB and C3bBb with peptides and amino-acid
changes of interest for anti-FB antibody binding
Position of peptides recognized by anti-FB antibodies on the molecular structure of the 
(A) C3bB complexe and (B) C3bBb complexe. Peptides of the von Willebrand domain of 
FB are in red and peptides of the Serine Protease domain in green. Amino-acid changes 
which interfered with anti-Factor B antibodies binding are indicated in dark blue.  
Amino-acid changes described in the  litterature as associated with functional
consequences on C3 convertase activity are indicated in blue cyan.  Amino-acid forming
the Magnesium binding site are indicated in pink and those forming the catalytic triad in 
yellow.
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Figure S9: Study of C3bB and C3bBb formation by ELISA in presence of 
purified IgG from APIGN patients.
A) C3b binding to FB in presence of IgG from 28 APIGN patients. Binding 
of C3b to FB was enhanced in presence of Ig from 15/28 APIGN patients 
(above mean+2SD of Ig from healthy donors (HD-Ig)). B) C3bBb formation 
in presence of purified IgG from 20 APIGN patients. C3bBb formation was
enhanced in 4/20 patients (above mean+2SD of Ig from healthy donors )
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Figure S10: C3 convertase formation on sheep erythrocytes in presence of total IgG
from patients with acute post infectious glomerulonephritis.
The capacity of total purified IgG from children with Acute post infectious
glomerulonephritis (APIGN), with or without combined anti-C3bBb antibodies and
healthy donors to enhance C3/C5 convertase formation and stabilization activity was
tested using hemolytic assays. Results are expressed as the % of the maximum lysis of
erythrocytes (osmotic lysis with water) . Lysis of RBC was similar in APIGN with
isolated anti-FB antibodies (anti FB Abs) or combined anti-FB and anti-C3bBb
antibodies (anti-C3bBb Abs) (p=0.98)
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