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Abstract
Background: For the better part of the past 6 decades, trans-
mission electron microscopy (EM), together with routine 
light microscopy and immunofluorescence and/or immuno-
histochemistry (IHC), has been an essential component of 
the diagnostic workup of medical renal biopsies, particularly 
native renal biopsies, with increasing frequency in renal al-
lograft biopsies as well. Studies performed prior to the year 
2000 have indeed shown that a substantial fraction of renal 
biopsies cannot be accurately diagnosed without EM. Still, 
EM remains costly and labor-intensive, and with increasing 
pressure to reduce healthcare costs, some centers are de-
emphasizing diagnostic EM. This trend has been coupled 
with advances in IHC and other methods in renal biopsy di-
agnosis over the past 2–3 decades. Summary: Nonetheless, 
it has been our experience that the diagnostic value of EM in 
the comprehensive evaluation of renal biopsies remains sim-
ilar to what it was 20–30 years ago. In this review, we provide 

several key examples from our practice where EM was essen-
tial in making the correct renal biopsy diagnosis, ranging 
from relatively common glomerular lesions to rare diseases. 
Key Messages: EM remains an important component of the 
diagnostic evaluation of medical renal biopsies. Failure to 
perform EM in certain cases will result in an incorrect diag-
nosis, with possible clinical consequences. We strongly rec-
ommend that tissue for EM be taken and stored in an appro-
priate fixative and ultrastructural studies be performed for 
all native renal biopsies, as well as appropriate renal allograft 
biopsies as recommended by the Banff consortium.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Electron microscopy (EM), together with routine 
light microscopy (LM) and immunofluorescence (IF) 
and/or immunohistochemistry, has long been an essen-
tial component in the diagnostic workup of medical re-
nal biopsies. Justification for routinely performing EM 
on native renal biopsy specimens was provided by a 
study we performed over 2 decades ago, which demon-
strated that in 50/233 (21%) consecutive biopsies, EM 
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was necessary to make a correct diagnosis. In another 48 
(21%) cases, EM provided important contributory data, 
and in 8 (3%) others, an additional diagnosis was sup-
ported by the ultrastructural findings [1]. Furthermore, 
the Banff group is now recommending an increased use 
of EM in examination of renal allograft biopsies, not 
only in cases of suspected recurrent or de novo glomeru-
lar diseases but also to identify early lesions of transplant 
glomerulopathy months to years before this becomes ap-
parent by LM, possibly at a time point where treatment 
may prevent progression to overt transplant glomeru-
lopathy [2, 3]. Nonetheless, it is a fact that EM is a costly 
and labor-intensive technique, requiring not only very 
expensive equipment but also technologists with special-
ized training to cut and stain ultrathin tissue sections. 
With ever-increasing pressure worldwide to reduce 
healthcare costs, as well as recent advances in immuno-
histochemistry that have the potential to diagnose cer-
tain renal lesions previously identifiable only with the 
use of EM (e.g., [4–6]), some renal pathology laborato-
ries are de-emphasizing the role of diagnostic EM. De-
spite this trend, it has been our experience that the value 
of EM in accurate renal biopsy diagnosis remains similar 
to what it was 20–30 years before. In this review, we pro-
vide key examples from our practice where EM was es-
sential in making the correct renal biopsy diagnosis, 
ranging from relatively common glomerular lesions to 
rare diseases.

Teaching Example #1 – Minimal Change 
Nephropathy

A 14-year-old male patient with a history of Hashi-
moto thyroiditis and chronic NSAID use presented with 
nephrotic syndrome and acute kidney injury (AKI). His 
serologic workup was unremarkable.

The tissue processed for LM contained 15 glomeruli, 
which all showed single contoured capillary walls with-
out visible glomerular basement membrane (GBM) 
spikes. In a minority of glomeruli, mild segmental me-
sangial hypercellularity was noted. No segmental scleros-
ing lesions were present, and there was no endocapillary 
hypercellularity, glomerular necrosis, or crescent forma-
tion. Some proximal tubules displayed evidence of acute 
injury with epithelial flattening, diminished brush bor-
ders, and intraluminal sloughing of individual epithelial 
cells. There was no significant tubulointerstitial scarring 
or inflammation, and arteries and arterioles were unre-
markable. IF studies, performed on a sample of renal cor-

tex with 10 glomeruli, showed no glomerular staining 
other than trace to 1+ granular mesangial staining for 
IgM. Tubular epithelial protein reabsorption droplets 
stained strongly for albumin and weakly for IgG, kappa, 
and lambda.

The tissue processed for EM contained 4 histologically 
unremarkable glomeruli, 3 of which were examined ultra-
structurally. EM showed GBMs with normal thickness 
and trilaminar structure. There were rare, small mesan-
gial electron-dense deposits; no subepithelial or subendo-
thelial deposits or tubulo-reticular inclusions (TRIs) were 
noted. There was extensive, near-total podocyte foot pro-
cess effacement with segmental microvillous transforma-
tion (Fig. 1a, b). No extraglomerular electron-dense de-
posits were present. Proximal tubules showed segmental 
flattening of the epithelium and attenuation of the brush 
border (Fig. 1c).

The diagnosis was minimal change disease (MCD) 
and mild acute tubular injury. The latter could be related 
to NSAID use, and the possibility of NSAID-induced 
MCD was raised in a comment. Acute tubular injury and 
AKI are common complications of MCD in older adults, 
particularly those with underlying hypertensive vascular 
disease, as a result of hemodynamic abnormalities [7]. 
Although this is a young, normotensive patient, the tu-
bular injury could also be hemodynamically related in 
this case.

Discussion
MCD typically presents with nephrotic syndrome and 

is most common in young children, often younger than 6 
years [8]. It is more common in males and in Caucasian 
and Asian children. Although less common, MCD can 
also present bimodally in older adults and has reported 
associations with malignancy, viral infections, allergies, 
and medication exposure. These adult cases of MCD also 
tend to have higher frequencies of hypertension, renal 
failure, and microscopic hematuria [9].

IF microscopy in MCD is typically negative in glom-
eruli, although some cases of MCD can be associated with 
modest mesangial IgM deposition. Whether this IgM is 
associated with a worse response to steroid therapy is 
controversial. Very early lesions of membranous ne-
phropathy (MN), where subepithelial GBM spikes have 
not yet formed, can mimic MCD by LM, and may show 
nondiagnostic IF findings. As such, rendering a diagnosis 
of MCD in nephrotic patients based purely on light mi-
croscopic findings, particularly in, but not limited to, cas-
es where IF studies were not possible, is not advised with-
out confirmatory EM.
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By EM, the hallmark of MCD is extensive and com-
plete or nearly complete effacement of podocyte foot pro-
cesses [10]. For accurate evaluation of the extent of the 
foot process effacement, only well-preserved, patent 
(nonischemic) glomeruli should be selected for ultra-
structural examination. An additional confounding fac-
tor to consider is the possibility of therapeutic effect. Pe-
diatric patients with MCD are typically biopsied only af-
ter treatment failure or incomplete response, and in this 
setting, the extent of podocyte foot process effacement 
may not be as extensive (e.g., Fig.  1d as compared to 
Fig.  1a). As such, an appropriate clinical history is re-
quired to establish a diagnosis of partially treated MCD 
or MCD in which there has been a spontaneous remission 
of proteinuria. In MCD, there are no glomerular capillary 
wall deposits. Nonetheless, it should be noted that con-
densation of podocyte microfilaments can be mistaken 
for subepithelial immune deposits of early MN on lower 
power electron micrographs. However, as shown in Fig-
ure 1b, the cytoskeletal nature of the condensed material 
can be discerned at higher power.

Teaching Example #2 – Early MN

A 59-year-old female patient with a history of hyper-
tension and prediabetes presented with proteinuria of ap-
proximately 5 grams per day. She had a serum creatinine 
of 0.8 mg/dL, low serum albumin of 3.2 g/dL, weakly pos-
itive ANA, but normal serum C3 and C4. She was nega-
tive for ANCA, hepatitis B and C, and HIV. There was no 
family history of renal disease.

The specimen for LM contained 39 glomeruli, one of 
which was globally sclerotic. The remaining glomeruli 
were of normal size and cellularity with normal appear-
ance of capillary loops, and there were no distinct GBM 
double contours, spikes, or craters on silver stain. No 
glomeruli showed segmental sclerosis, crescents, or endo-
capillary hypercellularity, and the mesangial areas were 
unremarkable. The non-atrophic tubules were of normal 
size without epithelial flattening or loss of brush borders. 
The renal cortex showed approximately 15–20% tubular 
atrophy and interstitial fibrosis with focal mild lympho-
cytic inflammation in areas of scarring. Arteries showed 

a b

c d

Fig. 1. Ultrastructural changes in MCD.  
a Extensive/near-complete effacement of 
podocyte foot processes. Glomerular cap-
illary basement membranes have normal 
thickness and architectural organization. 
b Condensation of microfilaments (ar-
rows) within podocyte at the epithelial sur-
face of GBM. c Acute tubular injury with 
flattened epithelial lining and marked at-
tenuation of proximal tubular brush bor-
der. d Partially treated MCD with partial 
restoration of podocyte foot processes. All 
electron micrographs stained with uranyl 
acetate and lead citrate; original magnifi-
cations ×10,000 (a), ×19,000 (b), ×5,800 
(c), ×10,000 (d). GBM, glomerular base-
ment membrane; MCD, minimal change 
disease.
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mild intimal fibrosis and thickening. No active arteritis 
was noted. Arterioles showed focal mild hyalinosis.

IF studies showed segmental, equivocal linear to finely 
granular staining for IgG (1+) (Fig. 2a), kappa (trace to 
1+), and lambda (trace to 1+) light chains along glomeru-
lar capillary walls. There was no glomerular staining for 
IgA, IgM, C1q, or C3.

EM performed on 3 glomeruli without segmental le-
sions showed segmental subepithelial electron-dense im-
mune complex deposits (Fig.  2b, c). Some glomerular 
capillaries had few or no deposits, while others had many. 
Some deposits showed very early extension of the GBMs 
around the deposits; however, most of the deposits simply 
appeared to rest on the GBMs. The GBMs themselves 
showed a normal trilaminar structure and a mean thick-
ness within the normal range. No mesangial deposits, 
subendothelial deposits, or tubular basement membrane 
deposits were noted. The glomerular endothelial cells 
were unremarkable without TRIs. There was moderately 
extensive (estimated approximately 70%) podocyte foot 

process effacement without microvillous transformation. 
Foot process effacement was greatest in those glomerular 
capillaries with large number of deposits.

Based on the EM findings, immunohistochemical 
studies for phospholipase A2 receptor (PLA2R) [4] and 
thrombospondin type 1 domain-containing 7A (THS-
D7A) [5] were performed. PLA2R was negative in the glo-
merular capillary walls, while THSD7A showed diffuse, 
moderate glomerular capillary wall staining with a finely 
granular appearance (Fig. 2d). There was some staining 
of podocyte cell bodies for THSD7A; however, this was 
clearly weaker than the capillary wall staining. The final 
renal biopsy diagnosis was early MN, predominantly 
stage I of Ehrenreich and Churg [11], positive for THS-
D7A.

Discussion
MN is an autoimmune glomerular disease character-

ized by subepithelial immune complex deposits with ne-
phrotic range proteinuria; this may be associated with an 

a b

c d

Fig. 2. Findings in early MN. a Direct IF for 
IgG. Glomerular capillary walls show seg-
mental granular to linear staining for IgG 
(1+ on 0–4+ scale). Mesangial areas are 
negative (fluorescein-conjugated anti-hu-
man IgG, original magnification, ×400).  
b EM shows several subepithelial electron-
dense (immune complex) deposits (ar-
rows). Overlying podocytes show extensive 
foot process effacement (uranyl acetate and 
lead citrate stain; original magnification, 
×4,800). c A higher magnification of the 
same capillary shows minimal to very early 
extension of the GBM (arrows) around the 
deposits (original magnification, ×10,000). 
d IHC for THSD7A shows weak staining  
of podocyte cell bodies and moderate stain-
ing in glomerular capillary wall deposits 
(original magnification, ×400). EM, elec-
tron microscopy; IF, immunofluorescence; 
GBM, glomerular basement membrane; 
MN, membranous nephropathy; THS-
D7A, thrombospondin type 1 domain-
containing 7A; IHC, immunohistochemis-
try.
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underlying systemic disease such as lupus [12], with viral 
infections including hepatitis B and C [13, 14], with an 
underlying neoplasm [15, 16] or with administration of 
therapeutic agents [15, 16] (secondary MN), or may be 
primary. As approximately, 70% of cases of primary MN 
result from autoantibodies against PLA2R [4], whereas 
3–5% are due to antibodies against THSD7A [5], the term 
primary MN is preferable to idiopathic MN to describe 
these cases. Well-established MN is easily identifiable by 
LM; however, very early (stage I of Ehrenreich and Churg 
[11]) MN typically shows histologically unremarkable 
glomeruli. Furthermore, IF staining for IgG in very early 
MN may be equivocal (sometimes even more so than in 
Fig. 2a), and thus, by LM and IF such lesions may be in-
distinguishable from MCD, which manifests a similar 
clinical picture. As such, this distinction must be made by 
EM; a comparison of ultrastructural features of early MN 
and MCD is shown in Table 1.

Cases of old/resolved MN (stage IV of Ehrenreich and 
Churg [11]) may also prove challenging to make a diag-
nosis based only on LM and IF. While LM may show 
GBM craters, depressions in the GBM seen in en face sec-

tions on silver stain (Fig. 3a), these are not always easily 
identifiable, and IF often shows equivocal or no glomeru-
lar IgG staining. For such cases, EM is the key study for 
the precise pathological diagnosis and reveals numerous 
largely reabsorbed intramembranous deposits (Fig. 3b).

Teaching Example #3 – Alport Syndrome

A 17-year-old white male patient presented with ne-
phrotic syndrome, having first reported lower extremity 
edema 4 months earlier. Serum creatinine was 1.15 mg/
dL with a urine protein/creatinine ratio of 7.5. Urinalysis 
showed 6–10 red blood cells and 0–2 white blood cells per 
high-power field. He was normotensive and reported no 
symptoms other than edema. Hepatitis B and C, ANA, 
and HIV were negative, and serum C3 and C4 were with-
in the normal range. He reported no family history of re-
nal disease.

The tissue processed for LM contained 17 glomeruli, 3 
globally sclerotic. The remaining glomeruli showed no 
hypercellularity, crescents, or necrotizing lesions. Two 

Table 1. Comparison of EM features of early MN and MCD

Early MN MCD

Subepithelial electron-dense (immune complex) deposits
Podocyte foot process effacement mainly in areas overlying the subepithelial deposits
Subendothelial and/or mesangial deposits if secondary MN, e.g., membranous lupus nephritis [12]
TRIs in endothelial cells in membranous lupus nephritis [12]

No electron-dense deposits
Complete or nearly complete podocyte foot process 
effacement
Often microvillous transformation in podocyte cell 
bodies

EM, electron microscopy; TRIs, tubuloreticular inclusions; MCD, minimal change disease; MN, membranous nephropathy.

a b

Fig. 3. Case of old/resolved MN, stage IV.  
a GBMs show numerous craters (Jones’ sil-
ver methenamine stain; original magnifi-
cation, ×600). b On EM, GBMs shows 
many largely reabsorbed intramembra-
nous deposits (arrows), giving the GBMs a 
“moth-eaten” appearance (uranyl acetate 
and lead citrate, original magnification, 
×7,200). EM, electron microscopy; GBMs, 
glomerular basement membranes; MN, 
membranous nephropathy.
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glomeruli showed segmental sclerosis; in one, this was 
very segmental with a small “cap” of epithelial cells over-
lying the sclerotic segment (Fig. 4a), while in the other, 
the sclerosis was more advanced, involving approximate-
ly half of the glomerular tuft. There was mild interstitial 
fibrosis and tubular atrophy (estimated approximately 
10–15%) with very little interstitial inflammation, al-
though occasional small clusters of interstitial foam cells 
were noted (Fig. 4a). Arteries and arterioles were unre-
markable.

Direct IF studies showed no glomerular deposits of 
immunoglobulins or complement components. A pre-
liminary diagnosis of focal segmental glomerulosclerosis 
(FSGS), most likely primary, given the patient’s age and 
clinical history, was made at this time.

EM was performed on a single glomerulus which was 
normocellular without segmental lesions on one-micron-
thick sections of the plastic embedded tissue. As shown in 

Figure 4, panels D-F, there was marked variability in the 
thickness of the GBMs, ranging from very thin (<100 nm) 
to very thick (>1,000 nm), with normal thickness for the 
patient’s age and gender being 330 ± 50 (SD) nm at our 
center. Most notable in the thickened areas the GBMs had 
a lamellated or “basket weave” structure without a dis-
tinct lamina densa. There were also markedly irregular 
and scalloped or “sawtooth-like” outer (epithelial) con-
tours of the GBMs; the latter 2 features are best appreci-
ated in Figure 4e. No glomerular or extraglomerular im-
mune complex deposits were seen, although segmentally 
the GBM contained some small intramembranous elec-
tron-dense granules or microparticles (Fig. 4f). Podocyte 
foot processes were almost completely effaced. No struc-
tural abnormalities of tubular basement membranes were 
seen.

Because of the EM findings, additional IF studies for 
alpha-3 and alpha-5 chains of type IV collagen were per-

a b c

d e f

Fig. 4. LM, (IF, and EM findings in a case of X-linked AS. a LM 
shows a normocellular glomerulus with segmental sclerosis and a 
“cap” of epithelial cells overlying the sclerotic segment (thick ar-
row). Small aggregates of interstitial foam cells (thin arrow) were 
also noted (hematoxylin and eosin stain, original magnification, 
×200). b, c Indirect IF for the alpha-5 chain of type IV collagen is 
completely negative (b), while a normal control kidney showed 
diffuse linear staining in GBMs and Bowman’s capsule, and focal 
linear tubular basement membrane staining (c), the latter at left 
(original magnification of both micrographs ×400). d–f EM shows 
highly variable GBM thickness with thick and thin segments (ar-

rows) (d, f), with irregular, scalloped outer contours of the GBM, 
the latter most evident in areas of GBM thickening (e). GBM split-
ting and lamellation is also most evident in the thickened areas (e), 
and occasional electron-dense microparticles are seen within the 
GBM (f). In panel f, GBM thinning and thickening with splitting/
lamellation are seen in the same glomerular capillary. Podocyte 
foot processes show extensive, almost complete effacement (ura-
nyl acetate and lead citrate stain; original magnifications, ×7,200 
(d), ×14,000 (e), ×7,200 (f)). EM, electron microscopy; LM, light 
microscopy; IF, immunofluorescence; GBM, glomerular basement 
membrane; AS, Alport syndrome.



Electron Microscopy in Kidney Pathology 151Glomerular Dis 2021;1:145–159
DOI: 10.1159/000516831

formed. These showed a complete absence of staining in 
GBMs, Bowman’s capsules, and distal tubular basement 
membranes for either alpha-3 (IV) or alpha-5 (IV) 
(Fig. 4b). By contrast, linear staining of all 3 structures 
was seen in a normal control kidney (Fig. 4c).

The final renal biopsy diagnosis was thus Alport syn-
drome (AS), X-linked type, with secondary focal and seg-
mental glomerulosclerosis. Initially, there was no reason 
to suspect AS based on the clinical history, LM, and rou-
tine IF studies. While the patient did have microscopic 
hematuria, this is not infrequently seen with FSGS, and 
the patient did not report a family history of renal disease 
or hearing loss. Furthermore, while there were some in-
terstitial foam cells noted histologically, these are not spe-
cific and may been seen in in the context of proteinuria of 
various etiologies, especially if present for a significant 
time interval. In this case, the GBM abnormalities identi-
fied by EM were absolutely crucial for the proper diagno-
sis of AS. There are several clinical implications of this 
diagnosis for the patient, including likely sparing him 
from immunosuppressive therapy, such as high-dose 
corticosteroids. In addition, the diagnosis will likely lead 
to a closer screening of his family members, and the pa-
tient should plan appropriate genetic counseling to have 
children.

Discussion
AS and thin GBM nephropathy (TBMN) are charac-

terized by GBM ultrastructural abnormalities. Although 
both conditions typically present with hematuria, AS is 
more commonly associated with progressive decline in 
renal function, proteinuria, and development of extra-re-
nal manifestations including sensorineural hearing loss 
and ocular lesions [17, 18]. The genetic bases for both 
conditions are heterogeneous and usually involve muta-
tions in gene(s) coding for various chains of type IV col-
lagen [19].

Approximately 85–90% of AS cases are X-linked and 
result from mutations in the COL4A5 gene, located on the 
X chromosome, coding for the α5 subunit of type IV col-
lagen [17, 18]. The remaining cases of AS are secondary 
to mutations in COL4A3 and COL4A4 coding for the α3 
or α4 subunits of type IV collagen, respectively, with au-
tosomal recessive AS accounting for approximately 10–
15% of the cases and autosomal dominant AS making up 
a small number [19]. Approximately, 40% of TBMN pa-
tients have identifiable heterozygous mutations in CO-
L4A3 or COL4A4 loci and may also be considered carriers 
of autosomal recessive AS [19]. While indirect IF for type 
IV collagen α3 and α5 chains can be used to confirm the 

loss of expression of one or both of these chains in AS and 
to distinguish between the different types of AS based on 
the staining pattern [17, 18], some cases of AS with intact 
staining for α3 (IV) and α5 (IV) have been described [6]. 
As such, AS cannot be ruled out solely by IF. EM is key to 
making the diagnoses of AS and TBMN, and without EM, 
many such cases would be misdiagnosed, including the 
case described above.

The prototypical ultrastructural lesions of AS are illus-
trated in Figure 1d–f and are characterized by irregular 
GBMs with alternating segments of thickening and thin-
ning, lamellation and splitting (“basket-weave” appear-
ance) of the lamina densa with loss of normal trilaminar 
GBM architecture, small electron-dense granules or mic-
roparticles within the GBM, and an irregular, scalloped 
outer (epithelial) contour of the GBM [17, 18]. It should 
be noted that all of the above ultrastructural features are 
not always observed in individual cases of AS, and sig-
nificant ultrastructural variation may exist between AS 
patients.

GBM splitting and lamellation may be quite patchy 
early in the disease course but typically becomes more 
extensive with disease progression on serial biopsies [19–
21]. Diffuse GBM thinning similar to that seen in TBMN 
can predominate in younger patients with early stages of 
AS or in female carriers of X-linked AS [22]. However, 
GBM abnormalities more characteristic of AS may de-
velop early in life, and close proximity of thin and thick, 
split and lamellated GBM may be present within the same 
capillary in children and young patients (Fig. 1f). GBM 
thickening and diffuse lamellation and splitting may pre-
dominate in advanced AS, particularly in male patients 
with X-linked AS, and can be associated with certain fam-
ilies and can indicate severe disease, while some other pa-
tients have only diffuse GBM thinning, regardless of the 
age or type of COL4 mutation [19, 23, 24].

GBM irregularities and variable thickness are not spe-
cific for AS and can be observed in hyperfiltration injury 
as well as other glomerular diseases including FSGS, ad-
vanced MN, postinfectious glomerulonephritis (PIGN), 
or other types of immune complex-mediated glomerulo-
nephritis (GN) with largely resorbed deposits and signif-
icant GBM remodeling [17, 25, 26]. Widespread GBM 
abnormalities mimicking those seen in AS have also been 
described in rare pediatric cases of steroid-resistant ne-
phrotic syndrome, Denys-Drash or Frasier syndrome 
with WT1 mutation, Pierson syndrome with LAMB2 mu-
tation, and nephrotic syndrome associated with hy-
pomelanosis of Ito without known COL4 mutations [19, 
27–29].
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Teaching Example #4 – IgA-Dominant PIGN 
(Infection-Related)

An 80-year-old man with type 2 diabetes presented 
with sub-nephrotic range proteinuria, moderate micro-
scopic hematuria, and AKI. Serologic workup including 
hepatitis B and C and ANCA was negative, serum C3 and 
C4 were within the normal range, and there was no evi-
dence of a monoclonal paraprotein. There was no known 
history of a recent infection.

LM showed 10 glomeruli, none of which were globally 
sclerotic. Glomeruli showed mesangial and segmental en-
docapillary hypercellularity; one glomerulus showed a 
segmental, predominantly cellular crescent (Fig. 5a). No 
glomerular necrotizing lesions were seen, although one 
glomerulus contained a moderate number of neutrophils. 
There were rare GBM double contours. On the trichrome 
stain, mesangial areas showed scattered fuchsinophilic 
deposits; however, no definitive subepithelial “hump”-
shaped deposits were seen. None of the glomeruli showed 
nodular glomerulosclerosis. There were only mild tubu-

lar atrophy and interstitial fibrosis, and mild arterio- and 
arteriolosclerosis.

By IF, glomeruli displayed global mesangial and seg-
mental capillary wall staining for IgA (3–4+; Fig. 5b), IgM 
(trace), C3 (3–4+), and kappa (1–2+), and lambda (2–3+) 
light chains in a granular to confluent granular pattern, 
with scattered coarsely granular deposits. There was no 
specific glomerular staining for IgG or C1q, and no extra-
glomerular immune deposits were seen.

A preliminary diagnosis of an IgA-dominant, immune 
complex-mediated GN with mesangial and endocapillary 
hypercellularity and a rare cellular crescent, was con-
veyed to the patient’s nephrologist. It was noted that the 
major differential diagnosis was IgA nephropathy versus 
IgA-dominant PIGN(infection-related) and that EM 
would be performed to resolve this differential diagnosis.

By EM (Fig. 5c, d), GBMs were globally thickened con-
sistent with diabetic nephropathy, but otherwise normal 
in structure. Several capillary lumina contained leuko-
cytes including monocytes and some neutrophils. Mesan-
gial areas contained several, well-defined electron-dense 

a b

c d

Fig. 5. IgA-dominant PIGN. a There are 
mesangial and segmental endocapillary hy-
percellularity, with a segmental, predomi-
nantly cellular crescent (periodic acid-
Schiff stain, original magnification, ×400). 
b IF for IgA shows granular staining in the 
mesangium with segmental staining in glo-
merular capillary walls, the latter very seg-
mentally with a coarsely granular appear-
ance (fluorescein isothiocyanate-conjugat-
ed anti-human IgA, original magnification, 
×200). c EM shows smudgy subendothelial 
(arrow) and mesangial deposits (arrow-
head). Note the intracapillary leukocytes 
(uranyl acetate and lead citrate, original 
magnification, ×7,500). d Segmentally 
prominent subepithelial “hump”-shaped 
deposits along a peripheral capillary loop, 
with scattered smaller intramembranous 
and subendothelial deposits (uranyl acetate 
and lead citrate, original magnification, 
×12,000). EM, electron microscopy; IF, im-
munofluorescence; PIGN, postinfectious 
glomerulonephritis.
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(immune complex) deposits subjacent to paramesangial 
basement membranes. Smudgy, irregular to rounded de-
posits were also noted centrally within a mildly expanded 
mesangial matrix. Small intramembranous and subendo-
thelial deposits were also noted, some of which appeared 
mildly elongated and were very segmentally associated 
with early GBM duplication. There were prominent sub-
epithelial “hump”-shaped deposits in mesangial waist re-
gions between adjacent capillary loops, as well as along 
peripheral glomerular capillary walls (Fig. 5d). No TRIs 
were seen in the endothelial cell cytoplasm. Podocytes 
displayed moderately extensive but not complete foot 
process effacement. No tubular basement membrane de-
posits were seen.

A diagnosis of subacute IgA-dominant PIGN(infection-
related) was made. Further discussion with the patient’s 
clinical team revealed that several weeks prior, he had 
methicillin-sensitive Staphylococcus aureus bacteremia 
from an infected cardiac pacemaker.

Discussion
IgA-dominant PIGN was first characterized in 2003 

[30] in a series of patients with underlying diabetic ne-
phropathy. Renal biopsy revealed histologic features con-
sistent with acute poststreptococcal GN, but with im-
mune complex deposits containing IgA as the sole or 
dominant immunoglobulin by IF, mimicking IgA ne-
phropathy. Each of the patients in this case series had un-
derlying staphylococcal infections, suggestive of a differ-
ent variant of acute PIGN. Since then, additional reports 
and case series have described the varying clinicopatho-
logic features of IgA-dominant PIGN [31–35], including 

a predilection for older patients and frequent underlying 
comorbidities such as diabetes.

Differentiating between IgA nephropathy and IgA-
dominant PIGN (Table  2) is essential, due to differing 
treatments and prognoses. This is especially important 
where an infection may not be clinically apparent in a pa-
tient who is otherwise being biopsied for hematuria and 
proteinuria. Both entities are characterized by IgA-domi-
nant staining by IF, which tends to be largely mesangial 
with variable capillary wall involvement. By LM, both IgA 
nephropathy and IgA-dominant PIGN can display mesan-
gial and endocapillary hypercellularity, although compara-
tive analyses have shown that glomerular neutrophilic in-
filtration is more common in IgA-dominant PIGN [32]. 
Similarly, crescent formation can be seen in both, although 
more commonly in IgA-dominant PIGN [33]. The pres-
ence of subepithelial “hump”-shaped deposits by EM is ex-
tremely helpful in differentiating between the 2 disease en-
tities, although such deposits may not be present in all cas-
es of IgA-dominant PIGN [30, 35]. For the sake of 
completeness, it should also be mentioned that another 
mimicker of IgA-dominant PIGN could be IgA nephropa-
thy superimposed on a resolving or largely resolved, non-
IgA-dominant PIGN. In such cases it is helpful to closely 
examine the distribution of IF staining for IgA and C3 as 
the deposits tend to colocalize in IgA-dominant PIGN as 
part of the same pathogenic process. EM may also be help-
ful in discriminating between the 2 entities, particularly if 
the IgA nephropathy and infection-related GN are tempo-
rally distinct, with recent appearing mesangial immune 
complex deposits (IgA) contrasting with largely resorbed 
subepithelial/intramembranous “hump”-shaped deposits.

Table 2. Differentiating IgA nephropathy and IgA-dominant PIGN

IgA nephropathy IgA dominant PIGN

IF IgA-dominant or codominant staining IgA-dominant immunoglobulin staining, with codominant 
or stronger C3 staining

IF pattern Granular mesangial staining, variable capillary wall staining Granular to coarse granular mesangial and segmental 
capillary wall staining

EM Electron-dense mesangial±subendothelial deposits, rarely 
subepithelial deposits

Electron-dense and/or smudgy mesangial deposits, often 
subepithelial “hump”-shaped deposits, often small 
subendothelial deposits

LM Segmental or global mesangial hypercellularity ± endocapillary 
hypercellularity, sometimes focal crescents

Mesangial and endocapillary hypercellularity, intracapillary 
neutrophils in acute phase, sometimes focal crescents

Serum complement 
C3 level

Normal Low or normal

EM, electron microscopy; LM, light microscopy; IF, immunofluorescence; PIGN, postinfectious glomerulonephritis.
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Teaching Example #5 – Immunotactoid 
Glomerulopathy

A 72-year-old male patient, with a history of hyperten-
sion and Waldenstrom’s macroglobulinemia, presented 
with nephrotic range proteinuria and AKI. Serum and 
urine protein electrophoresis and immunofixation re-
vealed an IgM-kappa paraprotein. Testing for cryoglobu-
lins was repeatedly negative.

Tissue processed for LM contained 25 glomeruli, 2 of 
which were globally sclerotic. Glomeruli were normal in 
size with predominantly single contoured capillary base-
ment membranes. Some glomeruli (Fig.  6a) displayed 
near-occlusive intracapillary accumulation of modestly 
PAS-positive eosinophilic material which was fuchsino-
philic on Masson’ trichrome stain and negative on silver 
stains, most consistent with immune-type deposits. Sim-
ilar deposits were seen in a subendothelial distribution, 
focally associated with GBM double contours. Several 
glomeruli also displayed segmental intracapillary infiltra-
tion by neutrophils and mononuclear leukocytes. Mesan-
gial areas were frequently expanded by the immune de-

posits, with segmental hypercellularity. No crescents or 
necrotizing lesions were present. Due to the history of 
paraproteinemia, a Congo red stain for amyloid was per-
formed and was negative.

IF studies revealed glomerular capillary wall and me-
sangial staining for IgM and kappa light chains (Fig. 6b) 
in a granular to confluent granular pattern and global dis-
tribution, without significant staining for IgG, IgA, or 
lambda light chain. Several glomerular capillary lumina 
also contained focally occlusive aggregates that also 
stained for IgM and kappa only. Tubular casts stained for 
both kappa and lambda light chains in a polytypic pat-
tern, with equal intensity. No staining of tubular base-
ment membranes was noted.

EM (Fig. 6c, d) revealed several capillary lumina which 
appeared to be completely occluded by immune aggregates 
displaying a microtubular substructure composed of hol-
low-cored tubules measuring approximately 40 nm in di-
ameter. The microtubules ranged in length from short to 
elongated, frequently forming streaming and long parallel 
arrays, bundles of which were often oriented perpendicu-
lar to each other. Similar microtubular material was exten-

a b

c d

Fig. 6. Immmunotactoid glomerulopathy. 
a PAS stain shows faintly PAS-positive in-
tracapillary immune aggregates. The unaf-
fected portions of the glomerulus have sin-
gle contoured GBMs and patent capillary 
lumina without evidence of endocapillary 
hypercellularity or crescents (original mag-
nification, ×200). b IF for kappa light 
chains reveals global mesangial and focal 
intracapillary (arrow) staining; there was 
similar staining for IgM without significant 
staining for IgG, IgA, and lambda light 
chains. c, d EM shows aggregates of tubular 
structures in mesangial, subendothelial, 
and intracapillary locations that often in-
tersect with each other, occasionally at 
right angles. The microtubules are hollow-
cored and measure approximately 40 nm in 
diameter (uranyl acetate and lead citrate 
stain, original magnifications, ×7,000 (c) 
and 14,000 (d)). EM, electron microscopy; 
IF, immunofluorescence; GBMs, glomeru-
lar basement membranes; PAS, periodic 
acid-Schiff.
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sively deposited in the mesangium, with segmental exten-
sion along the subendothelial aspect of adjacent capillary 
walls associated with GBM duplication and segmental me-
sangial cell interposition. Elsewhere, there were large and 
confluent subendothelial microtubular deposits which in-
volved the entire circumference of involved capillary loops. 
No extraglomerular deposits or TRIs were identified. 
Podocyte foot processes were partially effaced. A diagnosis 
of immunotactoid glomerulopathy (ITG) was made.

Discussion
LM and IF revealed an immune-mediated glomerular 

lesion with multifocal intracapillary “immune pseudo-
thrombi” and extensive mesangial and segmental suben-
dothelial deposits that were IgM-kappa restricted. These 
findings were most suggestive of cryoglobulinemic GN 
related to a monoclonal (type I), IgM-kappa cryoglobu-
lin. However, the ultrastructural study revealed findings 
typical of ITG.

The differential diagnosis of immune-mediated glo-
merular lesions displaying an organized substructure is 
outlined in Table 3. Although the intracapillary immune 
aggregates seen in this case are most often associated with 
cryoglobulinemic GN and are somewhat unusual for 
ITG, this pattern has been described in the latter [36]. The 
presence of large and confluent subendothelial deposits 
suggests that the occlusive intracapillary appearance of 
the microtubular structures may actually represent sub-
endothelial deposits, which have impinged into the capil-
lary luminal space, similar to what has been described in 
the “hyaline thrombi” of active lupus nephritis. The char-

acteristic hollow-core, microtubular substructure of ITG, 
and the relatively larger cross-sectional diameters are key 
in distinguishing it from other deposits with a fibrillar 
substructure such as amyloidosis and fibrillary GN 
(FGN). Congo red positivity can also help establish a di-
agnosis of amyloidosis as ITG and FGN are almost exclu-
sively Congo red-negative, with exceedingly rare excep-
tions [37]. Ultrastructurally, amyloid and FGN can also 
both demonstrate significant GBM involvement with 
subepithelial and transmembrane infiltration, which is 
not typically seen in ITG [38]. Unlike FGN, ITG also 
tends to be monoclonal or oligoclonal in the majority of 
cases [39], most often IgG-associated. The finding of an 
IgM paraprotein in this case is also somewhat atypical, 
although this has been reported [40].

In the largest of the ITG case series reported to date, a 
significant predisposition for an underlying lymphoplas-
macytic disorder and monoclonal paraprotein was re-
ported [41], as was seen in this case. However, it should 
be noted that examination of serial biopsies in ITG pa-
tients has also revealed evolution of IF findings from a 
polyclonal to a monoclonal process, sometimes spanning 
several years [39].

Teaching Example #6 – Collagen Type III 
Glomerulopathy

A 59-year-old white man with a history of prediabetes 
presented with a sub-nephrotic range and slowly rising 
serum creatinine. He first reported mild proteinuria with 

Table 3. Differential diagnosis of immune-mediated glomerular lesions with fibrillar/microtubular substructure

Special stains Structure Diameter, 
nm

Orientation Most common glomerular 
distribution

Extraglomerular 
involvement

Amyloid Congo red, thioflavin T 
[42]

Fibril 8–12 Random, 
nonbranching

Mesangium, subendothelial, 
intramembranous, subepithelial

Yes

FGN DNAJB9 
immunohistochemistry 
[6]

Fibril 16–24 Random, 
nonbranching

Mesangium, subendothelial, 
intramembranous, subepithelial

Rare

ITG Microtubule, 
hollow core

30–50 Elongated, often 
parallel arrays

Mesangium, subendothelial, 
intramembranous, subepithelial

Rare

Cryoglobulinic 
glomerulonephritis

Cylindrical/annular; 
hollow core

30–35 Short, randomly 
oriented

Subendothelial, capillary lumen, 
mesangium

Sometimes 
(vascular)

Lupus nephritis Fibrils/tubules 10–100
[43]

Fingerprint- like mesangial, subendothelial, and/or 
subepithelial

Yes

FGN, fibrillary glomerulonephritis; ITG, immunotactoid glomerulopathy.
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normal serum creatinine 8 years earlier. Proteinuria 
slowly increased over time to 2.5 g/day with a serum cre-
atinine of 1.3 mg/mL (baseline 1.0 mg/dL). Serologic 
workup was negative, and there was no family history of 
renal disease.

The portion of the renal biopsy processed for LM con-
tained 38 glomeruli, of which 3 were globally sclerosed. 
The non-sclerosed glomeruli were normocellular and en-
larged with lobular accentuation of the tufts, capillary 
wall thickening, and prominent mesangial expansion due 
to accumulation of homogeneous, amorphous-appearing 
eosinophilic material that was negative on periodic acid-
Schiff (PAS; Fig. 7a) and silver stains. A Congo red stain 
was negative for amyloid. There were segmental GBM 
double contours without spikes or craters. No crescents 
or necrotizing lesions were noted. Proximal tubules dis-
played evidence of injury with epithelial flattening and 
loss of brush borders. Approximately 20% of the sampled 
cortex was involved by tubular atrophy and interstitial 
fibrosis, which was associated with mild interstitial mono-

nuclear cell inflammation. Arteries showed mild intimal 
fibrosis; arterioles showed mild hyalinosis. No vascular 
inflammation was identified. A Congo red stain was neg-
ative for amyloidosis.

Direct IF studies showed no glomerular deposits of 
immunoglobulins, complement components, or immu-
noglobulin light chains. EM showed prominent expan-
sion of mesangial and subendothelial regions by curvilin-
ear, banded fibrils which displayed periodicity of approx-
imately 60 nm, consistent with type III collagen 
glomerulopathy (Fig. 7b, c). The curvilinear fibrils did not 
permeate GBMs. No electron-dense (immune complex) 
deposits were identified nor were there powdery deposits 
or amyloid fibrils in any locations. There was extensive 
(approximately 80%) podocyte foot process effacement.

Because of the ultrastructural findings, indirect IF for 
type III collagen was performed on the small amount of 
remaining IF tissue and showed segmental positive stain-
ing in the glomeruli. Taken together, a final diagnosis of 
collagen type III glomerulopathy was rendered.

a b

c d

Fig. 7. Collagen type III glomerulopathy.  
a By LM, an enlarged glomerulus shows 
global mesangial expansion by homoge-
neous, amorphous appearing, PAS-nega-
tive material that also fills capillary lumina, 
without endocapillary hypercellularity (pe-
riodic acid-Schiff stain; original magnifica-
tion, ×200). b EM shows a subendothelial 
space expanded with fibrillar material. 
Glomerular capillary basement mem-
branes themselves are devoid of the mate-
rial (uranyl acetate and lead citrate stain, 
original magnification, ×7,200). c The fi-
brils are randomly arranged, curved, and 
banded (original magnification, ×14,000). 
d Indirect IF for type III collagen. This case 
(different from the case study presented) 
showed deposition of fibrillar material pre-
dominantly in the mesangium. Type III 
collagen staining is strongly positive in the 
mesangium (arrows) and also in periglo-
merular interstitial fibrosis (arrowheads) 
(original magnification, ×400). EM, elec-
tron microscopy; LM, light microscopy; IF, 
immunofluorescence; PAS, periodic acid-
Schiff.
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Discussion
Collagen type III glomerulopathy (also known as col-

lagenofibrotic glomerulopathy, primary glomerular fi-
brosis, and collagen III glomerulopathy) is a rare idio-
pathic glomerular disease defined by abnormal accumu-
lation of type III collagen in the mesangium and 
subendothelial space. Type III collagen is encoded by Co-
l3A1 gene located on chromosome 2q32.2 and is absent 
in the normal glomerulus [42, 43]. Earlier, some groups 
felt that type III collagen glomerulopathy represented a 
glomerular limited form of nail-patella syndrome; how-
ever, the familial occurrence of type III collagen glomeru-
lopathy in some young patients suggests autosomal reces-
sive inheritance, differing from the autosomal dominant 
pattern of the nail-patella syndrome [44]. In addition, 
while type III collagen glomerulopathy shows type III col-
lagen deposition in the mesangium and subendothelial 
space that does not permeate the lamina densa of the 
GBM (Fig. 7c, d), nail-patella syndrome manifests type III 
collagen deposition within the GBMs.

The etiology and pathogenesis of type III collagen glo-
merulopathy remain unknown. It may be diagnosed at 
any age (reported range 3–79 years) [45, 46], with male 
and female individuals affected equally. Patients present 
with proteinuria, edema, microscopic hematuria, and hy-
pertension, often with insidious progression to end-stage 
renal disease. Gubler et al. [44] also reported a frequent 
association of hemolytic uremic syndrome with type III 
collagen glomerulopathy in children, and one case was 
associated with factor H deficiency [47].

Histologically, type III collagen glomerulopathy typi-
cally shows enlarged glomeruli with prominent accumu-
lation of amorphous material along capillary loops and in 
markedly expanded mesangial areas with absent or mild 
mesangial hypercellularity, although some cases show 
predominantly glomerular capillary loop or mesangial in-
volvement. The amorphous material is negative or weakly 
positive on PAS and methenamine silver stains, and stains 
pale blue on the Masson’s trichrome stain. Some cases are 
said to have a membranoproliferative GN pattern because 
of the lobular accentuation of the glomerular tufts and 
GBM double contours; however, endocapillary hyper-
cellularity is typically lacking. There is no significant de-
position of immunoglobulins, complement components, 
or light chains. The mesangial and subendothelial amor-
phous material are strongly positive for type III collagen 
(Fig. 7d); such staining is usually indicated by the charac-
teristic ultrastructural findings, to confirm the diagnosis.

An ultrastructural study is absolutely essential to make 
a definitive diagnosis as LM findings can mimic other dis-

eases including FGN. Mesangial areas and subendothelial 
spaces show fibrillar collagen deposits on a relatively elec-
tron lucent background (Fig.  7b). The collagen forms 
stacked bundles that show irregular, frayed edges and are 
typically curved (Fig. 7c), rather than straight as in normal 
interstitial type III collagen. A periodicity of approximate-
ly 60 nm is present, similar to normal type III collagen. 
Subepithelial and intramembranous collagen fiber depo-
sition is not seen. Electron-dense deposits are absent, and 
podocyte foot processes are variably effaced. The lamina 
densa of GBMs is of normal appearance without localized 
intramembranous lucencies or areas of mottling.

Conclusion

These 6 teaching examples represent a small sample 
highlighting the continuing importance of EM as part of 
the diagnostic workup for medical renal biopsies. In some 
instances, such as case 3, the diagnostic findings are re-
vealed only by EM, which was absolutely crucial. Failure 
to perform ultrastructural studies in such cases would re-
sult in an incorrect diagnosis with likely clinical conse-
quences. As such, we continue to strongly recommend 
that tissue for EM be taken and stored in an appropriate 
fixative and ultrastructural studies be performed for all 
native renal biopsies, as well as appropriate renal allograft 
biopsies as recommended by the Banff consortium [2].
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