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Abstract
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Introduction

Glomerular diseases are considered the leading cause of 
morbidity and mortality in renal pathology patients.[1] There 
are restricted approaches for the morphologic analysis of 
renal biopsies, as is the pathognomic morphologic changes. 
Deposition of immunoglobulin (Ig) and/or complement factors 
in glomerulus causes injury, which leads to an inflammatory 
response ending in proliferative glomerulonephritis (PGN).[2,3] 
PGN is defined by an increase in glomerular cellularity due 
to infiltration and proliferation of leukocytes within the 
glomerulus or from the proliferation of mesangial cells and 
parietal epithelial cells.[2,4,5] Diffuse PGN  (DPGN) is PGN 
involving more than 50% of the glomeruli [Figure 1]. In severe 
forms of DPGN, the crescent is formed by the obliteration of 
bowman space by epithelial proliferation. Recognizing this 

pattern on LM and categorizing it into different disease entities 
with the help of direct IF (DIF) is essential for an accurate 
diagnosis.[6] On light microscopy (LM), the following diseases 
can present as DPGN.
•	 Lupus nephritis (LN) Class IV
•	 IgA nephropathy (IgAN) Class IV
•	 Postinfectious GN (PIGN)
•	 Membranoproliferative GN (MPGN)
•	 C3 glomerulonephropathy (C3 GM).

Accurate diagnosis of diseases with DPGN pattern requires 
LM, immunofluorescence (IF) and electron microscopy (EM). 
It also requires correlating clinical details and biochemical 
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parameters.[3,7] DIF is a necessary tool for categorizing cases 
with DPGN pattern on LM into different disease entities.[4,8,9] 
In this study, we studied the importance of IF technique along 
with LM and clinical details in the diagnosis of cases presenting 
as DPGN on LM.

Materials and Methods

All cases of native renal biopsies performed from 2010 to 
2019 in our institute were reviewed retrospectively in the 
study. A  total of 95 cases with DPGN pattern on LM were 
selected. Clinical information was recorded in a predesigned 
format. Two samples of renal biopsies were taken. In each 
case for the first biopsy, multiple thin sections were cut for 
LM followed by special stains with Periodic Acid‑Schiff, 
Gomori’s methenamine silver stain and Masson’s Trichome. 
The second biopsy core was received in Michele’s fluid for 
DIF. The tissue is then embedded in the cryostat embedding 
medium, frozen and cut at 3 µ thickness at −22°C. Sections 
were taken on Poly L Lysine coated slide. Later, the slides were 
rinsed in phosphate buffer saline at pH 7.2 for 10 min. The 
sections were treated with fluorescein isothiocyanate labeled 
and optimally diluted antisera ‑ IgG, IgA, IgM, C3, C1q and 
Fibrinogen. The slides were incubated in wet chamber for 1 h 
in dark room, washed with PBS, and mounted with glycerine 
jelly. The slides were observed under the green filter of the 
fluorescence microscope at 494 nm wavelength. DIF reporting 
is done based on the nature and distribution of immune 
deposits, glomerular localization, the intensity of staining, 
and the pattern of immune complex deposits. The intensity 
of staining was graded subjectively from 0 to3, 0 being 
negative and 3 maximum intensity (mild +1, moderate +2, and 
marked + 3).[1] After correlating clinical data with LM and IF 
findings, the final diagnosis was rendered.

Results

The study involved biopsies from 95  patients, with 
37  males  (38.9.7%) and 53  (55.7%) females. The age 
ranged from 11 to 60 years. The majority of these patients 
were  <30  years group  (74.7%), with the mean age of 
patients being 24.1  years. Table  1 shows the incidence 
and clinical presentation of different DPGN cases in 

this study. The predominant clinical presentation in this 
study was nephrotic syndrome  (49.4%), followed by 
systemic lupus erythematosus  (SLE) with suspected renal 
involvement (24.2%). LN was the most common DPGN in this 
study (35.7%), followed by IgA nephropathy IgAN (25.2%) 
and PIGN (16.8%) [Table 1].

Table 2 shows the clinical profile of different diseases with 
DPGN pattern. The mean age of presentation was almost 
similar in different diseases. However, the gender ratio was 
significantly different. In LN, there was a female preponderance 
with a male to female ratio of 1:11. Similarly, C3 GN also had 
female predominance with a ratio of 2:7. Rest all diseases had 
male predominance. Maximum number of pediatric patients 
was seen in PIGN (25%). The mean duration of symptoms 
was maximum in case of LN which was 13.1 months while it 
was more or less similar in other diseases. The most common 
mode of presentation was SLE in LN, while in others, it was 
nephrotic syndrome.

On LM, LN showed endocapillary proliferation  (100%), 
leukocytic infiltration (85.2%), interstitial inflammation (88.2%), 
subendothelial deposits (85.2%), fibrinoid necrosis (17.6%), 
and cellular crescents  (55.8%). The presence of wire loop 
and hyaline thrombi formation seen in 91.1% of cases 
indicates the subendothelial form of immune deposits, which 
can be seen on H  and  E, but much better appreciated by 
PAS stain.[10,11] However, there were three cases (8.8%) that 
could not be diagnosed as LN on LM in view of absence of 
above features which were finally labeled as LN based on IF 
findings. We found that 31 cases (100%) of LN which were 
available for IF presented with full house positivity for IgG, 
IgA, IgM, C3 and C1q in the glomerular basement membrane 
and mesangium [Figure 2]. It was noted that the intensity of 
IF varied. IgG, C3 and C1q were more intensely stained as 
compared to IgA and IgM. 46.8% of cases had high intensity 
of staining (3+), 38.2% of cases had 2 + and 9.3% had intensity 

Figure 2: Lupus nephritis direct immunofluorescence (a) immunoglobulin 
A ‑ 2+ mesangial and capillary wall (b) IgG ‑ 2+ mesangial and capillary 
wall (c) C1q ‑ 2+ mesangial and capillary wall (d) F ‑ 2+ in crescents
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Figure  1:  (a) Diffuse proliferative glomerulonephritis pattern‑enlarged 
glomeruli with endocapillary proliferation (H and E, ×100). (b) Diffusely 
enlarged and cellular glomeruli (H and E, ×400)
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1+ with IgG. Similar findings were also noted with the intensity 
of C3 and C1q staining.

In the present study, fifteen cases were diagnosed as PIGN, 
which on LM showed slightly enlarged glomeruli with 
diffuse endocapillary proliferation, neutrophilic infiltration, 
and localized thickening of the glomerular capillary walls. 
Four cases  (25%) also showed the presence of crescents. 
All cases in the study showed C3 only staining or atleast 
2+ more C3 staining than Ig. One case (6.25%) had mesangial 
and capillary wall staining for C3 only without IgG. 42.8% 
showed 1+  and 50% cases showed  >1+ staining intensity 
for IgG. Two cases had garland patterns, one had starry 
sky pattern and one case showed lumpy, bumpy deposits of 
IgG [Figure 3].

A single case with DPGN pattern on LM had codominant 
staining of IgG, IgA and C3 on IF, which was diagnosed as 
IgA predominant PIGN after clinicopathological correlation.

The incidence of IgA nephropathy was 25.2%. LM 
showed mesangial expansion with hypercellularity. Ten 
cases (41.6%) showed crescents involving <50% glomeruli. 
On IF, there was a prominent deposition of IgA  (100%), 
which had strong intensity in the mesangium. In 80.9% of 
the cases, there was codeposition of IgA and C3 [Figure 4]. 
IgG was prevalent in 71.4.1% and IgM in 73.6% of cases, 
along with IgA.

There were 9 cases (9.4%) of MPGN, which on LM showed 
glomerular hypercellularity and lobulation (100%) and double 
contouring of basement membrane (66.7%). Crescents were 
not seen in any cases. Glomerular capillary wall and mesangial 
staining of IgG and C3 was seen in all the cases. IgM staining 
was seen in 71.4% of cases.

There were 7  cases  (7.36%) of C3 GM, which showed 
membranoproliferative pattern on LM with the thickened basement 
membrane. IF showed mesangial and capillary wall thickening for 
C3 (3+) in all cases. Three cases showed mild segmental staining 
for IgM. IgA, C1q, and F were negative in all cases.

Of the total 95 cases, IF findings were available in 84 (88.4%) 
cases. Eleven cases were considered inadequate for DIF 
in view of the absence of even single glomerulus. Table 3 
shows the concordance and discordance of LM and IF results. 
The provisional diagnosis of LM was confirmed by IF in 
34 cases (35.7%), whereas in 50 cases (59.5%), the diagnosis was 
finalized only after correlating the IF findings with morphology 
on LM. Out of these 50 cases, IF helped in diagnosing three 
cases of LN, all cases of IgA nephropathy, all cases of PIGN, 
three cases of MPGN, and all seven cases of C3 GM.

Table 4 also shows the distribution of immune deposits in 
studied cases. The dominant deposit on IF in LN was C3 and 
IgG (100%). A high deposit of IgA (100%) in IgA nephropathy 
and of IgG (100%) and C3 (100%) in MPGN was seen. PIGN 
showed dominant positive staining of granular C3 (100%) and 
IgG (93.3%). C3 glomerulopathy was diagnosed on the basis of 
C3 staining (100%) with the absence of other immunodeposits.

Others category included five cases. Three cases were reported 
as DPGN based on LM findings as the tissue sent for DIF was 
inadequate. There were two other cases which were reported 
as suggestive of mesangioproliferative GN with positive IgG, 
IgM, and C3 and negative IgA.

Discussion

Glomerular diseases are the pathologic processes identified 
in renal biopsy specimens. The complexity and variety of 

Table 1: Clinical presentation of diffuse proliferative glomerulonephritis in this study

Mode of presentation Lupus nephritis IgA nephropathy PIGN MPGN C3 glomerulopathy Total (%)
Total cases (%) 34 (35.7) 24 (25.2) 16 (16.8) 9 (9.4) 7 (7.3) 95
Nephrotic syndrome 8 12 13 8 6 47 (49.4)
Nephritic syndrome 1 6 3 0 1 11 (11.5)
SLE 23 0 0 0 0 23 (24.2)
CKD 0 2 0 0 0 2 (2.1)
AKI 2 2 0 0 0 4 (4.2)
Others 1 2 1 1 0 5 (5.2)
PIGN: Postinfectious glomerulonephritis, MPGN: Membranoproliferative glomerulonephritis, SLE: Systemic lupus erythromatosus, CKD: Chronic kidney 
disease, AKI: Acute kidney injury, Ig: Immunoglobulin

Table 2: Clinical profile of different diseases with diffuse proliferative glomerulonephritis pattern

Lupus nephritis IgA nephropathy PIGN MPGN C3 glomerulopathy
Age (years, mean±SD) 24.8 26.3 21.8 24.3 19.8
Gender ratio (male: female) 1:11 1:1 2.2:1 8:1 2:5
Number of pediatric patients (%) 1 (2.8) Nil 4 (25) 2 (22.2) 1 (14.2)
Duration of illness (months) 13.1 2.94 1.4 0.5 0.5
Most common mode of presentaion SLE Nephrotic syndrome Nephrotic syndrome Nephrotic syndrome Nephrotic syndrome
SD: Standard deviation, PIGN: Postinfectious glomerulonephritis, MPGN: Membranoproliferative glomerulonephritis, SLE: Systemic lupus 
erythromatosus, Ig: Immunoglobulin
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these glomerular diseases pose a considerable challenge for 
the pathologist. The pattern of injury in a renal biopsy is just a 
glimpse of the dynamic process of glomerular injury, which may 
have a different pattern over time. Thus, a patient may have a 
mild mesangial PGN early in the course of the disease that may 
evolve into focal PGN and still later to DPGN. The identification 
of these patterns on LM is essential as there are many different 
causes with different prognosis with each pattern.[10] All forms 
of these DPGN can lead to either focal or diffuse global 
glomerulosclerosis and end‑stage kidney disease.[2]

DPGN is a form of PGN involving >50% of the glomeruli 
with an increase in glomerular cellularity due to infiltration 
and proliferation of leukocytes within the glomerulus or from 
proliferation of endogenous cells like mesangial cells and 
parietal epithelial cells. Diseases which can present with DPGN 
pattern during their dynamic process of glomerular injury 
include LN Class IV, IgA nephropathy Class IV, PIGN, MPGN 
, and C3 glomerulonephropathy. These glomerular diseases in 
spite of being common histologic phenotype, sometimes do 
not have adequate features required for their diagnosis on LM 
and special stains and are reported as DPGN. Table 5 shows 
the different patterns of DPGN on DIF.

Many a times, in LN, the pathognomic subendothelial deposits 
are not large enough to be seen on LM and special stains. 
In such a situation, full house pattern of IF findings avoid a 
misdiagnosis. Similarly, PIGN and MPGN have precisely the 
same morphology on LM. It is the double contour appearance 
seen in MPGN that differentiates the two on LM and SS. In 
early stages of MPGN, sometimes, this feature is not seen on 
LM, which then requires a granular pattern of C3 and IgG on 
IF to render a correct diagnosis. Due to a varied histological 
presentation, the diagnosis of IgA glomeulopathy depends on 

the demonstration of glomerular staining of IgA dominant or 
IgA codominant involving the mesangium on IF.

Similarly, C3 GM is an IF dependent diagnosis with varied 
morphological patterns.

Many studies have been done in the past to study the different 
patterns of GN. However, the present study emphasizes on a 
single pattern of DPGN seen as a part of the dynamic process 
of glomerular injury in different diseases. In such situation, 
IF it becomes an essential tool in categorizing this pattern into 
different diseases. IF is used to determine the distribution, 
pattern, and composition of glomerular immune deposits.[10]

In our study, maximum cases were of LN (35.7%) The mean 
age of presentation was 24.4 years which was in concordance 
with the study done by Gomaa W et al.[11] and buch et al.[12]

There was with female preponderance which was similar to 
the study of buch et al.[12] Most common mode of presentation 
was also comparable to other studies. In LN, IF studies reveal 
mesangial and subendothelial capillary wall staining of immune 
reactants, which is mostly full house.[12‑14] In the present study, 
34 cases (35.7%) showing DPGN patterns were diagnosed as 
LN. Of these 34 cases, 3 cases were inadequate for IF. Of rest 
31 cases, 28 cases (91.1%) on LM showed the pathognomic 
subendothelial deposits in the form of hyaline thrombi deposits 
and wire loop lesions. However, 3 cases (8.8%) lacked these 
features on LM and were diagnosed as DPGN on LM. Thus, 
in 28 cases, IF confirmed the LM findings, but in 3 cases the 
final diagnosis was given based on IF findings. These findings 
were similar to the data from different cases series of Appel 
et al.[13] and Cameron.[14]

On IF, diffuse mesangial IgA deposits is the defining hallmark 
of the IgAN.[15] IgG, IgM, and C3 deposition may accompany 

Figure 3: Immunoglobulin A direct immunofluorescence (a) immunoglobulin A ‑ 2+ mesangial and capillary wall (b) immunoglobulin G ‑ 2+ capillary 
wall (c) C3‑1+ mesangial

cba

Figure 4: Postinfectious glomerulonephritis direct immunofluorescence  (a) C3 – 3+ starry sky pattern and garland pattern  (b) immunoglobulin 
G – 1+ capillary wall (c) F – 2+ in crescents

cba
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IgA.[16,17] All 24 cases (25.2%) diagnosed with IgAN showed 
mesangioproliferative pattern on LM. These cases could have 
been misdiagnosed if only LM was taken into account. This is 
in concordance with the study of Kumar et al. where all 9 cases 
with the varied morphological presentations were diagnosed 
based on IF findings.[6]

Granular polyclonal IgG deposit in the capillary walls with 
bright C3 is typical of PIGN.[18,19] This granular pattern (lumpy 
bumpy deposits) is usually more coarse than in membranous 
GN.[5] Sorger et  al. has described different IF microscopy 

patterns called the garland pattern, mesangial pattern and starry 
sky pattern.[18] Sixteen cases diagnosed as PIGN showed DPGN 
pattern on LM. Clinical details and IF confirmed the diagnoses 
on the basis of granular C3 and IgG staining.

IgA dominant PIGN is a distinct disease of adults, frequently 
seen in diabetics.[20] On IF dominant or codominant glomerular 
mesangial staining of IgA and C3 is seen in all cases. IgG is 
variably present. A single case with DPGN pattern on LM and 
codominant staining of IgG, IgA, and C3 on IF was diagnosed 
with IgA predominant PIGN.

Table 4: Immunofluorescence findings in the studied 95 biopsy specimens

Disease IgG (%) IgA (%) IgM (%) C3 (%) C1q (%) Fibrinogen (%) Cases 
inadequate for IF

Total 
cases

LN 31/31 (100) 28/30 (94.1) 31/32 (97) 31/31 (100) 28/30 (94.11) 9/26 (37.5) 3 34
IgAN 15/21 (71.4) 22/22 (100) 14/19 (73.6) 17/21 (80.9) 2/16 (12.5) 3/15 (20) 2 24
PIGN 14/15 (93.3) 5/15 (33.3) 10/15 (66.7) 15/15 (100) 2/8 (25) 3/10 (30) 1 16
MPGN 7/7 (100) 2/7 (28.5) 5/7 (71.4) 7/7 (100) 3/5 (60) 1/5 (20) 2 9
C3 glomerulopathy 0/7 (0) 1/7 (14.2) 2/7 (28.5) 7/7 (100) 1/7 (14.2) 2/7 (28.5) 0 7
MPGN 2/2 (100) 0/2 (0) 2/2 (100) 2/2 (100) 0/0 0/0 0 2
DPGN ‑ ‑ ‑ ‑ ‑ ‑ 3 3
DPGN: Diffuse proliferative glomerulonephritis, MPGN: Membranoproliferative glomerulonephritis, IF: Immunofluorescence, PIGN: Postinfectious 
glomerulonephritis, LN: Lupus nephritis, Ig: Immunoglobulin, IgAN: IgA nephropathy

Table 3: The concordance and discordance of light microscopy and immunofluorescence results

Number of cases 
(n=95), n (%)

LM IF diagnosis Final diagnosis after correlation with IF

28 (29.2) Consistent with LN LN LN
3 (3.1) DPGN LN LN
3 (3.1) Consistent with LN Inadequate for IF Consistent with LN
22 (23.1) Chronic mesangioproliferative GN IgAN IgAN
2 (2.1) Chronic mesangioproliferativeGN Inadequate for IF Possibility of IgAN cannot be ruled out
14 (14.7) DPGN PIGN PIGN
1 (1.05) DPGN IgA predominant PIGN IgA predominant PIGN
1 (1.05) DPGN Inadequate for IF DPGN possibility of PIGN cannot be ruled out
4 (4.21) MPGN MPGN MPGN
3 (3.1) DPGN MPGN MPGN
2 (2.1) MPGN Inadequate for IF DPGN possibility of MPGN cannot be ruled out
7 (7.3) MPGN C3 GM C3 GM
2 (2.1) Mesangioproliferative GN Positive‑IgG, IgM and C3 negative‑IgA Inconclusive
3 (3.1) DPGN Inadequate for IF DPGN
DPGN: Diffuse proliferative glomerulonephritis, MPGN: Membranoproliferative glomerulonephritis, IF: Immunofluorescence, PIGN: Postinfectious 
glomerulonephritis, LN: Lupus nephritis, Ig: Immunoglobulin, IgAN: IgA nephropathy, C3 GM: C3 glomerulonephropathy, LM: Light microscopy

Table 5: Immunofluorescence microscopy patterns in diffuse proliferative glomerulonephritis

Pattern Associated disorders
All classes of Igs with C3 and C1q LN (31 cases)
Predominently mesangial IgA deposites (±IgM, C3) IgAN (22 cases)
Granular deposits of IgG and C3 along capillary loops PIGN (15 cases)
Mesangial deposits of IgA with bright C3 IgA predominant PIGN (1 case)
IgG and C3 deposits along capillary loops MPGN (7 cases)
C3 deposits with abscent/scanty Igs C3 GN (7 cases)
MPGN: Membranoproliferative glomerulonephritis, PIGN: Postinfectious glomerulonephritis, LN: Lupus nephritis, IgAN: IgA nephropathy, C3 GN: C3 
glomerulonephritis, Ig: Immunoglobulin
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MPGN was previously classified as type I, II, and III. 
However, recent classification is based on DIF results 
includes two categories‑immune complex‑mediated MPGN 
which involves over activation of complement and another 
category of complement‑mediated MPGN.[21,22] In the present 
study, the most common mode of presentation was nephrotic 
syndrome, similar to the study of Nakagawa et al.[21] Mean age 
of presentation and gender ratio was dissimilar to the study of 
Nakagawa et al.[21] On LM, the double contoured BM was seen 
in 66.7% of cases, which was in concordance to the study of 
Himmani.[22] However, 3 cases were diagnosed on the basis 
of IF findings.

C3 glomerulopathy is a new entity characterized by C3 
accumulation with absent or scanty Ig deposition.[23] There 
were 7 cases of C3 GM, which showed MPGN pattern on LM. 
This is an IF dependent diagnosis which cannot be based on 
LM findings. In our study all cases had MPGN pattern on LM. 
Six of these cases had isolated C3 staining, out of which five 
cases had 3+ intensity and a single case with 2+ intensity on 
IF. One case showed a dominant C3 with >2 order of intensity 
than of IgA. This was similar to the study done by Mathur et al. 
which studied 6 cases of C3 GM with a predominant MPGN 
pattern on LM and C3 deposits of 3+ intensity on IF in the 
majority of cases.[23]

Conclusion

DIF is vital for classifying DPGN, followed by EM, which is 
an essential tool. This article describes a rational evaluation 
of kidney biopsies with DPGN pattern on LM in a way that 
guides toward the logical assessment to reach the diagnosis. 
It also tries to standardize the diagnosis of DPGN with the 
aid of IF and represents an attempt to amalgamate the current 
knowledge on its bases.
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