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Abstract
C3 glomerulopathies (C3G) are ultra ‑rare diseases driven by dysregulation of the alternative pathway in the comple-
ment system, leading to glomerular C3 deposition and inflammation. C3G includes dense deposit disease (DDD) and C3 
glomerulonephritis (C3GN), both associated with progression to end ‑stage renal disease (ESRD). This report presents a 
C3GN case, highlighting diagnostic and therapeutic complexities.
A 19 ‑year ‑old male with recurrent macroscopic hematuria triggered by respiratory infections was initially managed for 
suspected IgA nephropathy. Follow ‑up revealed persistent low serum C3 levels, prompting a kidney biopsy that confirmed 
C3GN with a membranoproliferative pattern and dominant C3 deposits. Genetic testing revealed a C3 mutation and pos-
itive anti ‑Factor H antibodies. Despite treatment with renin ‑angiotensin ‑aldosterone system blockade, steroids, and my-
cophenolate mofetil (MMF), the patient’s proteinuria fluctuated, requiring adjustments in immunosuppressive therapy.
C3GN can mimic other glomerulonephritides such as IgA nephropathy and atypical hemolytic uremic syndrome (aHUS). 
Accurate diagnosis relies on kidney biopsy findings and complement studies; genetic testing can provide critical insights. 
While available therapies, including immunosuppressants and complement inhibitors, offer partial benefit, C3GN often 
progresses, underscoring the need for novel, more effective treatments.
This case illustrates the diagnostic challenges of C3GN in patients with hypocomplementemia and recurrent hematuria. 
It emphasizes the importance of targeted research into complement therapies to potentially improve outcomes for C3G.
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INTRODUCTION
C3 glomerulopathies (C3G) are a newly recognized group 
of ultra ‑rare diseases arising from primary abnormalities 
in the alternative pathway of the complement system.1 In 
C3G, complement dysregulation occurs in the fluid phase 
rather than on the endothelial surface, leading to C3 
fragments circulating and depositing in the kidney, which 
promotes glomerular inflammation.2 This pathophysiolo-
gy contrasts with that of primary complement ‑mediated 
atypical hemolytic uremic syndrome (aHUS), in which 
alternative pathway dysregulation occurs on endothelial 
surfaces, resulting in C5b ‑9 formation, endothelial injury, 
and associated thrombotic microangiopathy symptoms.2,3 

Clinical signs and symptoms of C3G resemble those of 
other primary glomerulonephritides: most patients pres-
ent with varying degrees of proteinuria and hematuria, 
ranging from asymptomatic cases detected during routine 
checks to presentations of nephrotic syndrome. Hyperten-
sion is common either at presentation or during follow‑
‑up, as is a reduced glomerular filtration rate.4 Although 

reduced serum C3 levels are observed in up to 75% of 
C3G patients, this finding is not exclusive and may also 
occur in aHUS and post ‑infectious glomerulonephritis, 
thus requiring a kidney biopsy for an accurate diagnosis.3 
The pathological hallmark of C3G is isolated or dominant 
glomerular C3 deposits on immunofluorescence, with 
common histological patterns such as membranoprolifer-
ative glomerulonephritis (MPGN).1,3 Electron microscopy 
further differentiates dense deposit disease (DDD) from 
C3 glomerulonephritis (C3GN) based on the electron‑
‑dense complement deposit pattern.1,3 Up to 50% of C3G 
patients progress to end ‑stage kidney disease within 10 
years, despite various treatment approaches—including 
RAAS blockade, steroids, mycophenolate mofetil (MMF), 
rituximab, and complement inhibitors—demonstrating 
varying degrees of efficacy.5 -11 Here, we present a case of 
C3GN, emphasizing the diagnostic and treatment chal-
lenges of this rare disease and the importance of clinical 
trials in evaluating new therapies that may shift treatment 
paradigms.
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Initial History
We present the case of a 19 ‑year ‑old male with a long‑
-standing history of recurring macroscopic hematuria 
following acute upper respiratory infections. He had been 
followed in the Pediatric Nephrology clinic at Coimbra’s 
Pediatric Hospital since 2001, around age 4, with a pre-
sumptive diagnosis of IgA Nephropathy. His diagnostic 
workup at that time was extensive and included: negative 
anti ‑nuclear antibodies (ANA), antineutrophil cytoplasmic 
antibodies (ANCA), anti ‑glomerular basement membrane 
antibodies, normal anti ‑streptolysin titer, and an immu-
noglobulin profile showing elevated IgE. Complement 
testing revealed very low C3 with normal C4, interpreted 
as possibly related to a congenital deficiency. No kidney 
biopsy was performed, and a presumptive diagnosis of IgA 
Nephropathy was established.
Medical records from this period indicate a single epi-
sode of acute asthma, along with an allergy workup that 
showed positive Phadiatop to pollen and dust mites. He 
had no family history of kidney disease, and both siblings 
appeared healthy.
During follow ‑up in his pediatric years, he was treated 
with enalapril. His kidney function remained normal, with 
proteinuria under 1 g/24 hours.

Diagnosis
The patient was referred to adult Nephrology for follow‑
‑up in March 2014. At that time, he reported repeated 
episodes of macroscopic hematuria, but no other clinical 
symptoms. He had good blood pressure control, no pe-
ripheral edema, and normal serum creatinine, although 
proteinuria had worsened to over 1 g/24 hours. A diag-
nostic workup was repeated, showing persistently low C3 
and CH50 levels with normal C4; all other studies were 
negative (Table 1).

Table 1. Initial diagnostic work ‑up. 
Serology

Anti ‑dsDNA NEGATIVE

ANA NEGATIVE

Anti ‑MBG NEGATIVE

 ANCA NEGATIVE

C3 (N: 0.82 ‑1.85 g/L) <0.11 g/L

C4 (N: 0.15 ‑0.53 g/L) 0.2 g/L

CH50 (N: 41 ‑95 IU/mL) <13.5 IU/mL

Cryoglobulins NEGATIVE

Serum electrophoresis NORMAL

Serum immunofixation NO MONOCLONAL 
COMPONENT

FLC kappa (N: 3.1 ‑19.7 mg/L)
FLC lambda (N: 5.7 ‑26.3 mg/L)
Ratio FLC K/L (N: 0.26 ‑1.65)

17.4
11.2
1.55

Human Immunodeficiency virus Negative

Hepatitis B virus (HBV) IMMUNE

Hepatitis C virus (HCV) NEGATIVE

Biochemistry

Serum creatinine 1 mg/dL

LDH 127 IU/L

Serum iron 48 ug/dL

Ferritin 176 ng/mL

Erythrocyte Sedimentation Rate 9 mm/h

Hemogram

Hemoglobin 12.8 mg/dL

Leucocytes 5.6/per mm3

Platelets 85 000/mm3

Urine

Urinary sediment 10 RBC/HPF
<1 Leucocytes/HPF

24 hour proteinuria 2.2 g

Urinary immunofixation NO MONOCLONAL 
COMPONENT

FLC: free light chains.

A kidney biopsy was performed in April 2015, revealing a 
membranoproliferative glomerulonephritis pattern, with 
two cellular/fibrous crescents and heavy C3 deposition on 
immunofluorescence (IF) (Figs. 1A and 1B). The diagnosis 
of C3 Glomerulopathy was confirmed. Additional workup 
(Table 2) included: genetic testing (next ‑generation se-
quencing  ‑NGS and multiplex ligation ‑dependent probe 
amplification ‑MLPA panels for atypical hemolytic uremic 
syndrome), revealing a heterozygous mutation in C3 not 
previously described, but with a high probability score of 
pathogenicity; positive anti ‑factor H antibodies, measured 
by enzyme ‑linked immunosorbent assay (ELISA).
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Figure 1. A: The glomeruli show a classic MPGN pattern 
with lobulation of the capillary wall; the tubules and 
interstitium show no significant morphologic changes 
(H&E 40x). 
B: Higher amplification of a glomerulus showing 
endocapillary proliferation and discrete thickening of the 
capillary walls (H&E 100x); C: Glomerulus with formation 
of cellular/fibrocellular crescent (PAS, 100x). D: C3 
positivity on IF.

Table 2. Additional genetic and immunological testing.

Test Result

NGS panel for atypical hemolytic uremic syndrome
CFH, CD46, CFI, C3, THBD, CFB, CFHR3, CFHR4 e DGKE.

Mutation in C3 factor, not previously described but with 
a high probability score of pathogenicity score 1.00 
(polyphen ‑2) Ex.8,c.820G>A, p.Gly274Arg  ‑ heterozygosity

MLPA
CFH, CD46, CFI, CFHR3/CHFR1 Negative

C3 Nephritic factor Negative

Anti factor H antibodies (N: <27 IU/mL) 36 IU/mL

Treatment and Follow ‑Up
Initial treatment optimization involved double renin‑
‑angiotensin ‑aldosterone system blockade. Routine im-
munizations for influenza were administered annually, and 
an anti ‑pneumococcal vaccine was given in 2014. Other 
treatments included intermittent oral iron for anemia and 
topical nasal steroids for allergic rhinitis.
Fig. 2 presents evaluations and treatment schedules from 
2015 to 2022.

Figure 2. Evolution of proteinuria, serum creatinine and 
therapy since the first appointment
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From the start of follow ‑up until the end of 2020, the 
patient maintained stable kidney function, bland urinary 
sediment, and proteinuria below 300 mg/day. However, 
in a subsequent evaluation, proteinuria increased mark-
edly, along with microscopic hematuria and a transient 
increase in baseline serum creatinine. In March 2021, 
given the progressive proteinuria and signs of micro-
vascular inflammation, we initiated oral prednisolone 
(1 mg/kg/day for 1 month, tapered to 5 mg/day by six 
months and 2.5 mg/day thereafter) and MMF (starting 
at 1 g/day, increased to 3 g/day as tolerated). Despite 
an initial response, with proteinuria decreasing to 1 g at 
3 months, a subsequent deterioration in proteinuria led 
us to reduce MMF dosage to 2 g/day by March 2022. 
A kidney biopsy was repeated at this time, which again 
showed a membranoproliferative glomerulonephritis 
pattern and abundant C3 deposition on IF. On electron 
microscopy, these deposits were mainly located on 
mesangial and sub -endothelial areas and had no charac-
teristics of dense deposit disease, which confirmed the 
diagnosis of C3 glomerulonephritis.
The patient was then enrolled in a clinical trial with an 
anti ‑factor B inhibitor, which is still ongoing.

DISCUSSION
This case of C3 glomerulonephritis (C3GN) highlights both 
the complexity of diagnosing complement ‑mediated renal 
diseases and the challenges in effective long ‑term man-
agement. C3G, an umbrella term encompassing C3GN 
and dense deposit disease (DDD), is an ultra -rare disease 
caused by dysregulation of the alternative pathway of the 
complement system. In contrast to atypical hemolytic 
uremic syndrome (aHUS), where complement activation 
occurs on endothelial surfaces, in C3G, the dysregulation 
is primarily fluid ‑phase, leading to glomerular deposition 
of C3 fragments and subsequent inflammatory injury.9,8 

The case presented here underscores the difficulty of 
differentiating C3G from other glomerulopathies. Initially 
diagnosed with IgA nephropathy due to episodic hema-
turia and a history of upper respiratory infections, our pa-
tient exhibited overlapping clinical features, which is not 
uncommon. Persistent low serum C3 levels and worsening 
proteinuria raised suspicion for an alternate diagnosis, 
with biopsy findings ultimately confirming C3GN. Given 
the wide differential diagnosis and overlap in laboratory 
findings, kidney biopsy remains crucial for an accurate C3G 
diagnosis, particularly when complement levels are persis-
tently low and other serologies are non ‑revealing.10,11 The 
presence of a heterozygous C3 mutation and positive anti‑
‑factor H antibodies in this patient highlights the genetic 
and immunologic complexity often associated with C3G. 
These findings suggest the presence of both genetic and 
acquired factors in disease pathogenesis. Although C3G 
is typically a disease of complement dysregulation in the 
fluid phase, genetic predispositions, such as mutations 

in complement proteins, may influence clinical severity 
and treatment responses.12 Therapeutic options for C3G 
are limited and largely unproven in their efficacy. Conven-
tional therapies—such as renin ‑angiotensin ‑aldosterone 
system blockade, corticosteroids, and immunosuppres-
sive agents like mycophenolate mofetil—yield variable 
outcomes. In this case, initial RAAS blockade stabilized re-
nal function for several years, but the patient experienced 
disease progression with worsening proteinuria and renal 
impairment. 
Evidence for the use of mycophenolate mofetil in C3G, 
comes from two small number observational studies (en-
rolling 60 and 30 patients), that showed significant higher 
rates of remission in the mofetil groups, compared to oth-
er immunosuppression options.5,6 
In our patient, a course of immunosuppressive therapy 
with corticosteroids and increased doses of mycophe-
nolate mofetil in response to proteinuria yielded only 
transient improvements, followed by subsequent relapse, 
suggesting the need for alternative or adjunct therapies.
 This outcome highlights the variable response seen in C3G, 
likely due to the heterogeneous mechanisms underlying 
complement dysregulation in affected individuals.13,14 Indeed, 
further analysis of data from the Spanish group of patients 
treated with mycophenolate mofetil showed that responders 
were mostly patients with nephritic factors (8/10), contrast-
ing with the group without nephritic factors (and presumably 
a genetic basis for the disease), that showed only limited re-
sponse (3/8).5 In our patient, the presence of a genetic basis 
for the disease (a pathogenic C3 variant) could, possibly, 
account for the lack of response to mycophenolate mofetil.
A course of therapy with the anti ‑C5 inhibitor eculizumab 
was considered; however, observational, registry data re-
lated to the use of this drug in C3G, revealed that a favour-
able response with this drug was only found in patients 
with a rapidly progressive disease and extracapillary prolif-
eration in kidney biopsy samples.15 These findings may re-
flect the fact that eculizumab only blockades the terminal 
complement cascade, with no effect on C3 complement 
dysregulation that is the main driver of the disease. With 
these considerations in mind, other options were consid-
ered, namely, the enrolment in a clinical trial. 
Recent advancements in complement -targeted thera-
peutics offer promising avenues, such as C5 inhibitors, C3 
inhibitors, and factor B inhibitors, which aim to directly 
modulate the complement pathway abnormalities seen 
in C3G. However, access to and clinical trials for these 
newer agents remain limited, especially given the rarity 
of C3G.3,16,17 After a review of available options, an enrol-
ment in a trial involving the factor B inhibitor LNP023, was 
the followed course; this trial was recently completed, 
and the results should be published in the short term.18 
Factor B is a critical component of the alternate pathway 
C3 convertase (C3bBb); in C3G animal models, mice with 
targeted deletion of factor B are incapable of forming the 
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convertase and of developing the disease phenotype. 
Thus, a drug inhibiting this factor is a promising option.  
In summary, this case exemplifies the ongoing clinical 
challenges in diagnosing and managing C3G. Comprehen-
sive genetic and immunologic testing may improve diag-
nostic precision and facilitate individualized therapeutic 
approaches. As novel complement inhibitors become 

available, future research should prioritize assessing these 
agents in controlled trials to determine their efficacy in 
modifying disease course and improving renal outcomes. 
The patient’s management reinforces the necessity of 
multidisciplinary care and long ‑term follow ‑up in this 
complex, evolving field of nephrology.
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