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Background: Post-infectious glomerulonephritis (PIGN) (immune complex-mediated glo-
merulonephritis) and C3 glomerulopathy are sub-types of glomerulonephritis (GN) with 
hypercellularity. Both have overlapping clinical and morphologic features on a kidney 
biopsy, however, the treatment and prognosis of these diseases are quite different making 
their distinction of utmost importance. Immune complex-mediated glomerulonephritis arises 
from glomerular deposition of immune-complexes (Igs) and C3 as a result of activation of 
classical (CP) and lectin pathways (LP). C4d is produced as a result of activation of the CP/ 
LP. On the other hand, C3 glomerulopathy results from activation of alternative pathway of 
complement.
Aim: To distinguish between PIGN and C3 glomerulopathy with the help of C4d IHC stain.
Materials and Methods: We studied 28 biopsies reported as GN with hypercellularity 
from January 2015 to January 2020. Clinical information, histological features and immuno-
fluorescence patterns were analyzed. C4d IHC was performed on all the biopsies. Six known 
cases of immune complex-mediated GN were selected to act as a positive control for C4d 
staining.
Results: Amongst 28 cases originally reported as GN with hypercellularity, 18 were labeled 
as post-infectious GN and 10 as C3 glomerulopathy based on clinical information and 
serological findings. 13 of 18 (72.2%) cases of PIGN had mild to moderate (1–2+) C4d 
staining, 2 (11.1%) had strong (3+) staining and 3 (16.7%) cases were negative for C4d 
staining. In the 10 biopsies of C3 glomerulopathy, mild (1+) C4d staining was noted only in 
3 (30%) biopsies. C4d had moderate to strong (2–3+) staining in the control group.
Conclusion: C4d IHC stain can be helpful in distinguishing PIGN from C3 
glomerulopathy.
Keywords: proliferative, post-infectious, C3 glomerulopathy, C4d

Plain Language Summary
What is already known about this subject: There is a significant overlap between clinical, 
histological and IF findings of post-infectious glomerulonephritis (PIGN) and C3 glomerulopathy 
which are both types of glomerulonephritis (GN) with hypercellularity. The treatment plan for both 
entities is very different and that makes their differentiation from each other very important.

What this study adds: This study provides a method to differentiate PIGN from C3 
glomerulopathy by the use of C4d IHC stain which is commonly available in centres all over 
the world.

What impact this may have on practice or policy: Definite sub-typing of GN with 
hypercellularity into PIGN and C3 glomerulopathy will massively help both the renal 
pathologists in rendering a definite diagnosis on tissue biopsy and the nephrologists in 
planning an appropriate treatment for the patient.
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Introduction
Glomerulonephritis with hypercellularity (previously 
known as Proliferative glomerulonephritis) is usually 
classified into immune complex mediated glomerulone-
phritis and complement-mediated glomerulonephritis 
(Mayo classification of membranoproliferative GN).1–3 

This classification is based on pathophysiology along 
with light microscopic and immunofluorescence find-
ings. Infection related GN is a type of immune complex 
mediated glomerulonephritis caused by glomerular 
deposition of immunoglobulins as a result of streptococ-
cal infections, autoimmune diseases or hepatitis 
B infection and occurs as a result of activation of the 
classical (CP) or lectin pathway (LP) of complement 
(Figure 1). Post-infectious GN (also known as post- 
streptococcal GN) is an important sub-type of infection 
related GN. The complement-mediated glomerulonephri-
tis, also called C3 glomerulopathy, occurs by glomerular 
deposition of complementary factors produced from 
activation of the alternative pathway (AP) of the 
complement.4–7 C3 glomerulopathy includes both C3 
glomerulopathy and dense deposit disease (DDD) 

which can only be differentiated by electron 
microscopy.7

Immunofluorescence plays a pivotal part in the Mayo 
classification. Immune complex-mediated glomerulonephri-
tis shows immunoglobulins on immunofluorescence, 
coupled with C3, due to activation of the CP by the immune 
complexes or LP by the microbial surfaces. On the other 
hand, in complement mediated glomerulonephritis (C3 glo-
merulopathy), there is bright staining for C3, while immu-
noglobulins are typically negative. However, a small 
proportion of C3 glomerulopathy cases may show weak 
positivity for immunoglobulins on immunofluorescence.8,9 

Consequently, C3 glomerulopathy is now defined as domi-
nant C3 staining; at least two times the magnitude of any 
other immune reactants.8

Pathogenesis
Binding of C1q to the immune complexes activates the 
classic pathway resulting in activation of C4 and generation 
of C4 convertase. Therefore, binding of C1q to IgG/IgM is an 
initial event in the activation of the CP. C4d is a split product 
of C4 activation and points to the activation of CP. Activation 

Figure 1 Overview of complement activation pathways.
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of C4 can also occur through the lectin pathway (LP) (Figure 
1). In LP, mannose binding lectins bind to bacterial carbohy-
drate moieties and activate C4, causing production of C3 
convertase.10–13,22 So, C4d is also a by-product of LP activa-
tion. Another important point to note here is that C4d is 
commonly used as a marker of acute/chronic antibody- 
mediated transplant rejection,14,15 but studies have shown 
that it is also positive in immune complex mediated glomer-
ulopathies (Figure 2) like post-infectious GN (PIGN), lupus 
nephritis and membranous nephropathy, etc.16–22

Based on this, we believe that glomerular positivity of 
C4d can be used as a sign for post-infectious GN which is 
an immune mediated GN and occurs by activation of CP/ 
LP. Conversely, negative glomerular C4d can be consid-
ered as a marker for C3 glomerulopathy because it does 
not involve CP/LP and only the alternative pathway is 
activated in which C4d is not generated. Furthermore, we 
believe that the trace/scant immunoglobulin staining may 
be seen in some patients of C3 glomerulopathy which may 
represent a small subset of patients that have activation of 
CP/LP and thus weak C4d staining can be present in them.

Materials and Methods
28 biopsies reported as GN with hypercellularity (with 
a differential diagnosis of post-infectious GN and C3 glomer-
ulopathy) from January 2015 to January 2020 at our centre 
were retrieved and reviewed by a panel of renal pathologists. 
For the waiver of informed consent, approval from institu-
tional review board of Shaukat Khanum Memorial Cancer 
Hospital and Research Centre, Lahore, Pakistan was obtained 
prior to commencement of this study. Waiver of informed 
consent was obtained as most of the information was obtained 

from electronic medical records and there was no direct invol-
vement of the study subjects. In compliance with the 
Declaration of Helsinki, patient information was recorded in 
an anonymous manner and without any identifiers to maintain 
confidentiality of data.

Pertinent clinical information including demographic 
features, serum C3, C4, ANA and ASO titers, history of 
fever, hematuria and sore throat in last three months was 
retrieved from electronic medical records (Hospital 
Information System) and via telephone calls.

Slides of formalin-fixed paraffin-embedded renal biop-
sies (maximum thickness 3–4 microns) stained with hema-
toxylin and eosin (H&E) and special stains like Periodic 
Acid-Schiff (PAS), Masson’s Trichrome and Jones methe-
namine silver (JMS) were used for the light microscopy. 
These three special stains (JMS, PAS and Trichrome) of 
kit company Roche Ventana were performed using 
Ventana's Benchmark Special stainer. The immunohisto-
chemical stain (IHC) C4d was performed using Leica 
Bond III IHC Stainer with a retrieval time of 20 minutes. 
C4d staining in glomeruli was interpreted by the team of 
renal pathologists individually and the mean was docu-
mented. Furthermore, immunofluorescence (IF) results 
were also reviewed using the departmental pictorial 
database.

Both C4d glomerular positivity and IF (C3 and IgG) 
were scored from 0 to 3+ based on intensity:

● Score 0: Negative.
● Score 1+: Weak staining.
● Score 2+: Moderate staining.
● Score 3+: Strong/Bright staining.

Figure 2 (A) Strong 3+ positivity of C4d IHC stain in a case of membranous GN (positive control group). (B) Negative C4d IHC staining in a case of minimal change disease 
(negative control group).
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Moreover, to act as positive control for C4d staining, 6 
biopsies of immune complex mediated GN (3 of lupus 
nephritis and 3 of membranous GN) were also retrieved, 
reviewed and C4d IHC was performed on them. 6 biopsies 
of minimal change disease (MCD) and focal segmental 
glomerulosclerosis (FSGS) were used as negative control 
for C4d.

Inclusion and Exclusion Criteria
Biopsies with complete clinical information, ANA and 
ASO titer results and adequate light microscopy, IHC 
and IF information for review were included in the study. 
The biopsies with incomplete clinical history, lab results or 
inadequate material for light microscopy, IHC or IF stu-
dies were excluded.

Results
Of the total 28 biopsies, 17 (60.7%) were of male and 11 
(39.3%) were of female patients with a mean age of 25.3 ± 
12 years. 26 (92.9%) cases had a history of hematuria and 
3+ C3 staining was noted in 24 (85.7%) biopsies.

18 of 28 (64.3%) biopsies had a history of sore throat 
and 17 amongst those 18 also had fever and raised ASO 
titer. They were labeled as PIGN. The remaining 10 
(35.7%) biopsies (with no history of sore throat or raised 
ASO titer) were designated as C3 glomerulopathy.

In the 18 PIGN biopsies, 11 (61.1%) were males and 7 
(38.9%) were females with a mean age of 23.8 years. 17 
patients (94.4%) had raised ASO titer and a history of 
fever. C3, C4 levels were available for 9 patients, 4 of 
those 9 (4.4%) had low C3 levels. C4 levels were normal 
in all 9 (100%) patients. Four (22.2%) were ANA positive. 
5 of 18 biopsies (27.7%) had negative IgG results, 8 
(44.4%) had 1+ IgG, 3 (16.7%) had 2+ and 2 (11.1%) 
had 3+ IgG staining. For C4d staining, 13 (72.2%) had 
mild to moderate (1–2+) staining, 2 (11.1%) had strong (3 
+) staining while 3 (16.7%) biopsies were negative for 
C4d staining (same biopsies that were negative for IgG) 
(Figure 3).

In the 10 biopsies of C3 glomerulopathy, 6 (60%) were 
male and 4 (40%) were females with a mean age of 28 years. 
None of the patients had a history of sore throat or raised 
ASO titer. C3, C4 levels were available for 4 patients, 3 of 
those 4 (75%) had low C3 levels. C4 levels were normal in 
all 4 (100%) patients. 2 (20%) patients had a history of fever 
and were ANA positive as well. Mild (1+) IgG staining was 
observed in 3 (30%) biopsies and mild (1+) C4d staining was 

also noted in the same 3 (30%) biopsies. Interestingly, ANA 
was positive in two of those three C4d 1+ biopsies (Table 1).

C1q, IgA and IgM by IF were negative in all the cases 
(Table 1). All 6 control biopsies showed strong 2–3+ 
staining for C4d IHC stain. (Figure 2A). All 6 biopsies 
of MCD and FSGS were negative for C4d (Figure 2B).

Discussion
In the last few decades, renal pathology has undergone 
remarkable advances due to widespread use of techniques 
like immunofluorescence studies and electron microscopy. 
This has led to the introduction of various new entities but 
has also posed new challenges to nephrologists and 
nephropathologists due to overlapping features between 
some of them. GN with hypercellularity is one such entity 
which encompasses both PIGN and C3 glomerulopathy.

PIGN (aka PSGN) arises as a result of streptococcal 
infection, usually with nephritogenic strains of group 
A beta-hemolytic streptococci, usually about three weeks 
after an episode of infection of pharynx or skin. It presents 
with hematuria, oliguria, edema and hypertension. There is 
activation of CP/LP with raised ASO titer. C4d is a by- 
product of activation of the CP/LP.

On the other hand, C3 glomerulopathy is a recently 
described entity which includes both the dense deposit dis-
ease (DDD) and C3 GN.22 It was first defined in a first C3 
glomerulopathy meeting held in August 2012.7 Both 
acquired and genetic complement abnormities, especially 
mutations in CFH and CFI genes, are thought to be the 
causative factors.23 It also presents with hematuria, oliguria 
and proteinuria. There is activation of alternative pathway 
(AP) of complement and deposition of C3 and other comple-
ment fragments with minimal or no deposition of immune 
complexes/Igs.10–12,22

It was felt that there is significant overlap in the features 
of PIGN and C3 GN, as both can present with proteinuria 
and hematuria and can have high C3 levels. On light micro-
scopy, both share common histological features like glo-
merular enlargement and endocapillary proliferation, 
mesangial proliferation, focal wire loop deposits and active 
interstitial inflammation with mild patchy scarring in some 
cases (Figure 3). Both have bright C3 staining with or 
without IgG staining on IF and sub-epithelial deposits on 
electron microscopy.21 Clinical information, like history of 
infection/sore throat and ASO titer, can be of help in dis-
tinguishing the two but apart from that, there is a lot of 
overlap between the two entities and their differentiation on 
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both clinical and histopathological grounds has remained 
a challenge for both the clinicians and pathologists.

From a clinical perspective, one may ask, why is it so 
important to differentiate the PIGN from C3 glomerulo-
pathy? The fact is, it is of great clinical importance due to 
the following reasons:

Firstly, the treatment approach is different for both 
entities. In most cases of PIGN, antibiotics are the drug 
of choice and role of immunosuppression is controversial 
and is only reserved for severe cases.24 While in C3 

glomerulopathy, use of immunosuppressive drugs like 
mycophenolate mofetil (MMF), along with steroids, is 
recommended.25 Previously, it was proposed to use the 
term ‘glomerulonephritis with dominant C3ʹ for such 
cases and let the clinical course of disease define the 
exact mechanism behind it. If it resolved over a period 
of a few weeks or months with the use of antibiotics alone, 
it was labeled as PIGN and if not, C3 glomerulopathy was 
suspected and immunosuppressive therapy was started. 
This approach of “wait and watch” has received criticism 

Figure 3 Post-infectious GN. (A and B) Periodic acid–Schiff stain showing glomerular enlargement, hypercellularity, endocapillary proliferation, mesangial proliferation and 
focal wire loop deposits (40×). (C and D) C4d IHC stain showing moderate 2+ staining (40×), (E) Immunofluorescence showing 2+ granular staining for IgG, (F) 
Immunofluorescence showing bright 3+ granular staining for C3.
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as precious time is lost and it leaves the patient without 
a definite diagnosis posing challenges on his/hers physical 
and mental health. Some may argue that why do we not 
start antibiotics and immunosuppressives together? 
Although it seems logical we have to keep in mind that 
immunosuppressive drugs like MMF have several side 
effects (vomiting, headaches, bone marrow suppression, 
depression, teratogenicity and risk of infection)26,27 and 
they massively increase the treatment costs. This is espe-
cially important for under-developed countries, where 
resources and health facilities are limited.

Secondly, from a prognostic point of view, PIGN has 
an excellent prognosis especially in children and adults but 
in elderly, the prognosis is relatively poor both in terms of 
dialysis dependency and mortality.24 On the other hand, 
C3 GN is a relatively newly described entity and the long- 
term prognosis is not well documented, however early 
intervention has shown a better prognosis. But early inter-
vention is only possible if a definitive diagnosis is made.25

Firstly, we performed C4d IHC on six biopsies of 
immune-complex mediated GN so that these cases can 
be used as a positive control. Three of the biopsies were 
of membranous GN and the other three of lupus nephritis, 
both diagnosed on microscopy and immunofluorescence. 
C4d was strong (2–3+) positive in all 6 (100%) cases, 
indicating the activated CP/LP pathway (Figure 2).

After establishing a positive control, we chose 28 
biopsies reported as GN with hypercellularity. Most of 
them were C3 3+ on IF and some were IgG positive as 
well. Relevant information like history of sore throat, fever 
and ASO titer was retrieved. 18 of 26 patients had 
a history of sore throat and all 18 of them had raised 
ASO titer as well (Table 1). They were sub-categorized 
as post-infectious GN. The remaining 10 biopsies were 
labeled as C3 glomerulopathy. C4d was performed and 
results were interpreted independently by a three member 
team of renal pathologists. The results were then compared 
and an average score was calculated for each biopsy.

C4d in Post-Infectious GN
Among the 18 biopsies of post-infectious GN, 13 (72.2%) 
had mild to moderate (1–2+) staining for C4d and 2 
(11.1%) had strong (3+) staining suggesting activation of 
the CP/LP as a result of microbial infection. 3 (16.7%) 
biopsies were negative for C4d staining which might 
represent the activation of an atypical pathway in 
a subset of post-infectious GN (atypical post-infectious 
GN) (Figure 3).24
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C4d in C3 Glomerulopathy
7 of 10 (70%) biopsies of C3 glomerulopathy had a negative 
C4d staining while 3 (30%) had mild (1+) staining of C4d. 
Amongst the three C3 glomerulopathy biopsies with mild 
(1+) C4d staining, two were ANA positive, suggesting 
a contribution by an autoimmune process in the background 
leading to activation of CP/LP of the complement and devel-
opment of glomerulopathy; which on the basis of bright C3 
positivity and mild (1+) IgG positivity was categorized as C3 
glomerulopathy. Also, the three biopsies with mild (1+) C4d 
staining had 1+ IgG positivity while the rest of the biopsies 
were IgG negative.

In a similar study, Sethi et al22 performed C4d on C3 
glomerulopathy and post-infectious GN biopsies. C4d was 
negative in 24 of 30 (80%) of C3 glomerulopathy cases 
compared to 7 of 10 (70%) in our study. In the post- 
infectious GN category, 6 of 13 (46.2%) biopsies had 
1–2+ C4d staining in their study compared to 13 of 18 
(72.2%) in ours. This indicates that C4d can be a very 
helpful diagnostic tool in distinguishing the two entities.

The limitations of our study included a relatively small 
sample size precluding adequate statistical analysis, the 
unavailability of serum protein electrophoresis, CH50 in 
plasma, electron microscopy and genetic analysis.

Conclusion
Use of C4d IHC stain is a quick and a very helpful method 
in distinguishing PIGN and C3 GN. It should be incorpo-
rated in the routine sign-out practice when dealing with 
a case of GN with hypercellularity.
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