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Background: C3 Glomerulopathy (C3G) is a complement-mediated disease,
with predominant C3 deposits, where pathogenic genetic variants in
complement system components and circulating autoantibodies result in loss
of control of the alternative pathway, have been described. A high incidence
of disease recurrence including graft failure has been reported after kidney
transplantation (KTx). Currently treatment modalities for preventing and
treating post KTx C3G recurrence (plasma exchange, rituximab and
eculizumab) in adults have yielded inconsistent results. Data on post KTx C3G
recurrence in childhood-onset C3G is still unknown.
Methods: A comprehensive case study of patients diagnosed with C3G as
children or adolescents, who underwent KTx between the years 2015–2023.
Data collected included complement workup, treatment modalities, and
outcomes.
Results: 19 patients with C3G were identified during the study period. Five
patients developed ESRD and received a kidney transplant. C3G recurrence
was diagnosed post KTx in 100% of patients. Graft function improved in 3 of
these patients (two with anti-factor H antibodies) after eculizumab treatment,
one patient reached graft failure 9 months after transplantation despite
eculizumab, recieved a second successful transplantation with pre-emptive
eculizumab treatment and one patient showed histologic signs of disease
recurrence without clinical signs.
Conclusions: C3G recurrence after KTx in patients diagnosed as children or
adolescents may be higher than previously described. Treatment with
eculizumab is beneficial in some patients. New treatments are needed for
improving post-transplant outcome in patients with C3G.
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Introduction

C3 glomerulopathy (C3G) is a complement-mediated disease,

with predominant C3 deposits. C3G was re-classified in 2013 and

is subdivided to: dense deposit disease (DDD) and C3

glomerulonephritis (C3GN), reflecting kidney biopsy electron

microscopy findings (1). According to some published data

DDD tends to be a more aggressive disease than C3GN, leading

to a higher rate of end stage kidney disease (ESKD) (2, 3).

Other reports showed that clinical factors such as kidney

function and severity of proteinuria were related to worse long

term outcomes (4).

In C3G the pathogenesis is linked to mutations and risk

haplotypes in several complement system components and

circulating autoantibodies, resulting in the loss of control of the

complement system alternative pathway (5). Autoantibodies

stabilizing C3 and C5 convertases, including C3 nephritic factor

(C3NeF), C5 nephritic factor (C5NeF), factor H mutations or

anti-factor H autoantibodies result in a stable convertase,

resistant to decay, leading to persistent complement activation.

These, together with other mutations and antibodies were

described in patients with C3G.

Dysregulation of the complement alternative pathway causes

ongoing complement activation, with increased C3 turnover, C3

consumption and systemic low C3 levels. Deposition of

complement proteins along the capillary walls of the glomerulus

result in mesangial and endocapillary proliferation and capillary-

wall remodeling (5, 6).

In adults a high incidence (between 30% and 77%) of C3G

disease recurrence has been reported after kidney transplantation

(KTx), leading to graft failure in 17%–50% of those affected (7).

In a series of 21 transplanted patients with C3GN, diagnosed at

a median age of 20.8 years (8), 14 patients (67%) developed

recurrence of C3GN in the transplanted kidney at a median time

of 28 months from transplantation, and graft failure in 50% of

them, at a median time of 77 months from transplantation.

Circulating C3 levels prior to transplantation were available for

only some of the patients in this cohort, but they were normal in

the five patients without recurrence. Other cohorts also reported

a high disease recurrence rate, with graft loss in more than 50%

of those with disease recurrence (9, 10), which appeared to occur

more often in DDD (11).

Therapeutic alternatives of C3G in native kidneys include ACE

inhibitors or angiotensin receptor blockers alone in patients with

mild disease, to immunosuppression regimens including

corticosteroids and mycophenolate mofetil in patients with

nephrotic range proteinuria or impaired kidney function (12). In

patients with more severe disease or in non-responders to this

drug combination, complement inhibitors may be beneficial (13, 14).

Current treatment modalities for C3G recurrence after KTx

include removing autoantibodies and repleting factor H using

plasma exchange, preventing autoantibodies formation using

rituximab, and trying to block terminal complement activation

with eculizumab, or other experimental complement blocker

agents. The literature is inconsistent regarding the results of these

interventions (7, 11, 15, 16).
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No guidelines exist regarding the need for prophylactic

treatment or conditioning before and after KTx in individuals

with C3G. Potential predictive factors for disease recurrence

include certain genotypes, the presence of autoantibodies, and

the current status of complement dysregulation. Still, no specific

data are available to guide decisions prior to transplantation, and

current recommendations are based on expert opinion and case

reports (8, 17).

Regarding childhood onset C3G and disease recurrence after

kidney transplantation—one case report describes pediatric

transplant related C3G: a patient with a diagnosis of DDD in

the native kidneys and recurrence after transplantation, who

was treated with rituximab and eculizumab (15), In this

patient the treatment effectively inhibited the terminal

complement cascade but only partially prevented disease

progression. Other cases of pediatric onset C3G were

described along with adult cohorts. The disease recurrence rate

after KTx in childhood onset C3G, the risk factors for

recurrence, and the optimal treatment of recurrence are still

unknown. Therefore, this study aimed to describe a case series

of transplanted patients with childhood onset C3G, including

treatment modalities and outcomes.
Methods

For this case series study, data were collected of patients

diagnosed with C3G as children or adolescents in 2 large

pediatric nephrology units and underwent a KTx between

the years 2015–2023. All patients underwent a native kidney

biopsy at presentation. A for cause kidney biopsy in the

native or transplanted kidney was performed for indication

(proteinuria, increase of serum creatinine). All kidney biopsies

were interpreted by a nephropathologist. The biopsy

interpretation was based on the current definition of C3G

including light microscopy findings of glomerulonephritis with

predominant C3 deposits and findings of DDD or C3GN in

electron microscopy (1).

For all patients, a detailed medical history, as well as clinical,

laboratory and histopathological data, were available regarding

native kidney and transplanted kidney disease. All patients

underwent a functional and genetic complement system workup

at the molecular otolaryngology and renal research laboratories

in the University of Iowa—including—levels of factor H, factor I,

factor D, anti-factor H antibodies, anti-Factor B antibodies,

C3Nef, C5Nef, terminal complement activity markers, and other

complement biomarkers. Genetic tests for CFH, CFI, MCP, CFB,

CFHR5, C3, THBD, DGKE, PLG, ADAMTS13, MMACHC,

G6PD, WT1including copy number variation screening of the

CFH-CFHR5 region using multiple ligation dependent

probe amplification.

Post KTx C3G recurrence was determined according to

histology findings of transplanted kidney biopsy showing features

of C3G as defined by Pickering et al. C3 Glomerulopathy:

consensus report (1). The study was approved by the local

Helsinki committee and the Israel Ministry of Health.
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Results

During the study period, out of 19 patients with C3G who were

actively followed, five reached ESKD and underwent KTx. Patients’

characteristics are described in Table 1. Initial C3G diagnosis

median age was 16 years (range: 7.5–17). According to biopsy at

presentation, three patients had features consistent with DDD.

Electron microscopy was not available for the other two patients.

Four patients were initially treated with immunosuppression

for their native kidney disease, including corticosteroids,

cyclophosphamide and mycophenolate mofetil in 3 patients and

plasmapheresis in one patient. In spite of that, all reached ESKD.

Two patients presented with dialysis dependent kidney failure,

one did not respond to immunosuppressive treatment and in the

other one treatment was not initiated due to diffuse global

sclerosis in the native kidney biopsy. The mean time from the

initial diagnosis to ESKD was 4.6 (range: 0–17) years.

All patients had low C3 levels at initial presentation. Two

patients were positive for anti factor H antibodies (titers of

3,087 AU and 1960AU, normal range <200 AU), one of them

was also positive for both C3Nef and C5Nef. Another patient

was positive for both C3Nef and C5Nef, one patient had low

Factor B levels (Table 2). Genetic tests were positive for a

pathogenic variant only in one patient with factor H antibodies

who had a homozygous deletion of the CFHR3-CFHR1 gene.

Two other patients had findings described as variants of

unknown significance, and one of them had also CFH gene

associated risk alleles (Table 2).

All patients underwent KTx, one of them recieved 2 deceased

donors KTx’s during the study period. All other KTx’s were from

living non-related donors. The median age at first KTx was 17

(range 9–30) years. All patients remained with low C3 levels at

the time of transplantation (as shown in Table 2). Disease course

after KT reflected by creatinine and proteinuria values is shown

in Figure 1.
TABLE 1 Characteristics of the patients.

Patient 1 Pate
Gender F M

Age at presentation (years) 7.5 1

Native kidney biopsy C3G DD

EM available No Y

Treatment for native kidney disease CS, CYC CS, CYC

Time to ESKD (years) 0 2

KT # 1 2 1

Age at KT (years) 9 12 1

Time from KT to recurrence (months) 2 No recurrence 2

Clinical/laboratory signs of disease
recurrence

H, P, elevated SCr none no

Transplanted kidney biopsy DDD Not preformed DD

Treatment of recurrence ECU Prophylactic ECU no

Post KT follow up (months) 45 12 4

SCr at last follow up (mg/dl) On dialysis 0.56 1

UPCR at last follow up (mg/mg) anuria 0.2 0.

Highest UPCR (mg/mg) 11.4 0.2 0.

DDD, dense deposit disease; CS, Corticosteroids; CYC, Cyclophosphamide; MMF, Mycophenol
Kidney transplantation; H,hematuria; P, proteinuria; SCr, serum creatinine; UPCR, urine protein

Frontiers in Pediatrics 03
C3G transplanted patients were treated according to local

protocol including induction therapy using Basiliximab (for the

first transplantation) and anti thymocyt globulin (ATG) for

second transplantation, and triple immunosuppression regimen

including tacrolimus, mycophenolate mofetil and corticosteroids.

Maintenance immunosuppression included tacrolimus (trough

level 5–7 ng/ml), mycophenolate mofetil in all patients and low

dose corticosteroids. One patient who was known to have anti

factor H antibodies (patient 3) was treated with plasmapheresis

and Rituximab prior to and after KTx, before recurrence was

diagnosed. Patient 4 who showed signs of complement dysregulation

on immunologic workup– received Eculizumab post transplantation.

All patients had a recurrence of C3G in the transplanted kidney.

Pathological findings in all the instances of recurrence were

consistent with DDD. Immunofluorescence staining was positive for

C3 deposits in all the patients. Patient 2 had only histologic signs of

C3G recurrence but no clinical signs. His biopsies were performed

two and five months after KTx due to mild T-cell mediated rejection

and polyoma BK nephropathy, respectively. Both biopsies showed

C3 deposits by immunofluorescence and electron dense deposits in

electron microscopy.

Four patients had clinical signs of disease recurrence including

microscopic hematuria, proteinuria, and elevation of serum

creatinine. Patient 1, the youngest in the cohort, had severe and

rapid disease recurrence which did not respond to eculizumab

treatment, and reached graft failure within 9 months after first

transplantation. Almost 3 years after her first KTx, she had a

second KTx with prophylactic eculizumab treatment, with no

signs of recurrence 12 months after. This patient was positive for

C3Nef and C5Nef showing very high titers before 1st and 2nd

transplantation (77%, 73% and 79%, 91% respectively (normal

range <20%).

Patient 3, who was positive for anti-factor H antibodies, was

treated before and after transplantation with weekly

plasmapheresis and rituximab. Recurrence was observed 18
int 2 Pateint 3 Pateint 4 Pateint 5
F M M

5 12 17 16

D DDD DDD C3G

es Yes Yes No

, MMF CS, CYC, MMF, PP, RTX CS, CYC, MMF, CsA None

8 13 0

1 1 1

7 20 30 16.5

18 8 2

ne H, P, elevated SCr P, Hi SCr P, elevated SCr

D DDD DDD C3G (EM unavailable)

ne PP, RTX, ECU RTX, ECU CS, ECU

5 43 26 11

.3 1.26 1.19 1.9

13 0.26 0.9 0.16

25 9.6 4.8 0.57

ate Mofetil; PP, Plasmapheresis; CsA, Cyclosporin A; ESKD, end stage kidney disease; KT,
/creatinine ratio.
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TABLE 2 Complement system biomarkers and genetic analysis.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
C3 at presentation
(mg/dl)a

20 62.8 6.6 8.8 19

C3 at KT (mg/dl)a 1st KT: 9.3 75.7 10.6 7.6 12.6

2nd KT: 13.8

C3 at recurrence (mg/dl) 30 92 7.4 NA 63

C3 at last follow up
(mg/dl)a

1st KT 21.7 91 9.2 6.6 76

2nd KT 25

Complement workup C3Nef Low factor B
level

Anti factor H antibodies Anti factor H
antibodies

Borderline
C3Nef

C5Nef C3Nef

C5Nef

Genetic tests Multiple VUSb Risk alleles—3 copies of CFH-
associated risk alleles

Negative Homozygous deletion CFHR3-
CFHR1

Negative Negative

NA, not available; C3Nef, C3 nephritic factor; C5Nef, C5 nephritic factor; VUS, variant of unknown significance.
aC3- Normal range, 90–180 mg/dl.
bC8B, CFH, CFHR5, FCN1, PLG.

FIGURE 1

Disease course after kidney transplantation. KT- Kidney transplantation REC- recurrence CS- corticosteroids RTX- rituximab ECU-eculizumab SCr-
serum creatinine UPCR- urine protein/creatinine ratio.

Borovitz et al. 10.3389/fped.2024.1460525
months after transplantation and treatment was switched to

eculizumab. Patient 4, who was also positive for factor H

antibodies, had signs of disease recurrence 8 months after

transplantation. He was initially treated with rituximab which did

not impact the proteinuria and treatment with eculizumab was

initiated. Eculizumab treatment for both these patients was

beneficial: proteinuria improved and kidney function normalized.

Patient 3 reached full remission with no proteinuria or

hematuria, patient 4 had normal serum creatinine and mild

proteinuria at last follow up (16 months after treatment initiation).
Frontiers in Pediatrics 04
Patient 5 was treated with Eculizumab since

transplantation due to evidence of ongoing complement

dysregulation. Two months after transplantation, there was

evidence of disease recurrence. He received corticosteroid

pulse therapy and continued eculizumab treatment, with

normalization of proteinuria and improvement in

serum creatinine level. Five months after KTx a second biopsy

was preformed due to creatinine elevation—showing

chronic transplant glomerulopathy, with no evidence of

C3G recurrence.
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Discussion

Recurrence of complement mediated kidney disease after KTx

is a major concern and a main cause for graft loss. Complement

dysregulation can be due to congenital or acquired causes. Like

other complement mediated kidney diseases, C3G has a high rate

of recurrence after KTx, our experience showed a 100% disease

recurrence rate. For other diseases, such as atypical hemolytic

uremic syndrome, prophylactic treatment with complement C5

inhibitor (eculizumab) prevents disease recurrence in most

patients and dramatically changed outcomes of KTx (18). In

contrast, no treatment has been shown to consistently prevent

recurrence of C3G. In cases of C3G the mechanism of injury is

different from atypical HUS as depositions of C3 split products

in the mesangium initiates the inflammatory process. Case

reports describe successful treatment with eculizumab in some

patients (15, 19, 20), while others report eculizumab failure in

preventing C3G recurrence (21). Failure of eculizumab treatment

(which prevents C5 activation) may be associated with the

presence of C3 nephritic factor, which leads to a predominant

C3 (proximal to C5) activation. Analyzing C3Nef-mediated C3

and C5 activation separately could help in selecting the

appropriate patients for eculizumab therapy. In our small cohort

eculizumab was effective in three out of 5 cases of C3G

recurrence, two of them with anti factor H antibodies. Factor H

is a key inhibitor of complement overactivation, and mutations

or antibodies in this protein lead to atypical HUS or C3GN.

Other treatments such as plasma exchange and rituximab have

shown various results and success rates, and may be related to the

primary reason for complement dysregulation in each patient (7).

For patients who are positive for anti-factor H autoantibodies,

these antibody depleting treatments may be reasonable, but from

our experience, the patients who were positive for anti factor H

antibodies did not reach remission under this treatment, and

improved only after changing treatment to eculizumab.

Among the adult population, recurrence rates are estimated as

30%–70%. In a summary of small series and case reports which

included a total of 122 patients with post-transplant C3G (73

C3GN and 49 DDD) (7), the authors reported higher allograft

loss with plasmapheresis and rituximab compared to eculizumab.

Subgroup analysis showed a higher rate of graft loss despite

treatment among patients with DDD compared with C3GN.

Recurrence rates among patients who presented with C3G as

children or adolescents are still unknown. Our cohort exhibited a

recurrence rate of 100%. A suggested explanation might be that

the disease penetrance is higher in children leading to an early

presentation in childhood and a more aggressive form of disease

leading to higher rates of recurrence following transplant.

Additional research is needed to understand these differences.

Recurrence was symptomatic in four of the five patients with

recurrence. One of them, the youngest of the cohort, showed

rapid deterioration to ESKD and dialysis. While undergoing

dialysis treatments, C3 levels remained very low and repeat

complement workup still showed ongoing complement

dysregulation, and presence of C3 and C5 nephritic factors. This

patient had a second KTx using prophylactic eculizumab
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treatment with no signs of recurrence during 12 months of

follow up. The other two patients who were positive for factor H

antibodies also had disease recurrence, which was controlled

under eculizumab treatment, similar to previous reported

patients (22). Previous studies described few cases of second

transplantation after C3G recurrence with various outcomes (11),

to our opinion in such cases prophylactic complement blocker

treatment should be considered.

The question of to how to address low C3 levels before

transplantation remains unanswered. Low C3 levels may indicate

ongoing complement activation, but C3 levels do not properly

correlate with disease activity: 25% of pediatric C3G patients and

about 50% of adult C3G patients present with normal blood C3

levels despite an active disease (23). Measurement of circulating

terminal attack complex (C5b-9) levels prior to transplantation,

may aid the decision regarding prophylactic treatment as patient

with elevated circulating C5b-9 may benefit from eculizumab

treatment. In our cohort four patients were treated successfully

with eculizumab two had high C5b-9 levels one had normal

C5b-9 level and for one C5b-9 level before treatment initiation

was unavailable.

In patients with C3G, heterogeneity is observed in the exact

underlying complement disorders that cause complement

dysregulation and ongoing activation. Understanding the particular

complement disorder may aid in risk stratification for disease

recurrence. The novel complement system blockers that are

currently examined in clinical trials may offer a new horizon for

individuals with C3G who undergo KTx (16, 24, 25). A better

understanding of the underlying complement disorders will

contribute to decision making, specifically, the optimal prophylactic

treatment to prevent disease recurrence, if any, for each patient.

Our study has several limitations. First—this is a single center

study dealing with a rare complement mediated disease—therefore

the number of patients is very small. The second limitation is that

complement biomarkers testing is only available only and in a few

laboratories around the world—so real time and repeat tests cannot

be performed. Third—in our center we do not conduct protocol

biopsies—therefore we cannot know at this point whether patient

1 is experiencing subclinical recurrence in the second graft.

Despite the small cohort there are lessons learned from this

study—C3G is a heterogeneous disease, and time from

presentation to ESKD is variable. Disease recurrence can be

asymptomatic and may not need any additional treatment. In

cases of symptomatic recurrence or in cases of second

transplantation eculizumab or other experimental complement

blocking agent may serve as a potential treatment.
Conclusion

C3G recurrence rate after KTx in patients diagnosed as

children or adolescents may be higher than described in the

adult onset C3G. Treatment with currently available tools is

successful in only some patients. New treatments are needed for

safe transplantation in the context of C3G and for avoidance of

disease recurrence.
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Summary at glace

Patients diagnosed with C3 Glomerulopathy as children or

adolescents were followed after kidney transplantation. All

patients developed disease recurrence after transplantation

confirmed by kidney biopsy. Some responded to therapy with

improved proteinuria and renal function.
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