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Key Points

• Transplant glomerulopathy (TG) is a morphologic pattern reflecting chronic glomerular endothelial 
injury in renal allografts, characterized by remodeling and reduplications of the glomerular basement 
membrane (GBM).

• TG is a feature of chronic antibody-mediated injury, but other causes of GBM remodeling, including 
chronic thrombotic microangiopathy, produce similar morphologic appearances.

• The histologic diagnosis of TG is associated with poor graft prognosis and chronic progression to graft 
failure.

• Electron microscopic examination can identify early features of TG (Banff score cg1a), including glo-
merular endothelial abnormalities, subendothelial widening, and early GBM reduplications.

• Routine ultrastructural examination is recommended in renal allograft biopsies, especially those at 
high risk of antibody-mediated rejection, for early diagnosis of TG when therapeutic interventions may 
be beneficial.

DOI: 10.1159/000513522
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Abstract
Background: Transplant glomerulopathy (TG) is a morpho-
logic alteration in glomeruli of renal allografts, characterized 
by glomerular basement membrane reduplications. Sum-
mary: TG is associated with progressive chronic allograft 
dysfunction and proteinuria and is a diagnostic feature of 
chronic antibody-mediated rejection (ABMR) in patients 
positive for donor-specific antibodies, according to the Banff 
schema for renal allograft pathology. It is a definitive end-
point in clinical trials and interventional studies for ABMR, 
but the lesion can also occur in the absence of definitive al-

loimmune injury, as a consequence of chronic thrombotic 
microangiopathy, and in some cases in association with hep-
atitis C infection. This review discusses the pathophysiology 
and clinical presentation of TG, the diagnostic features by 
light microscopy, and focuses on the sequential ultrastruc-
tural stages of the lesion. The differential diagnosis of TG, 
and Banff grading of the lesion, are reviewed. Clinicopatho-
logical indications for performing routine ultrastructural ex-
amination of renal allograft biopsies are discussed. Key Mes-
sages: TG can be diagnosed at an early stage by electron 
microscopy, before histological features are apparent, em-
phasizing the importance of ultrastructural examination of 
renal allograft biopsies for an early diagnosis, when thera-
peutic intervention may be beneficial.
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Introduction

Transplant glomerulopathy (TG) is not a specific di-
agnosis but is a morphologic pattern of chronic glomeru-
lar injury in renal allografts characterized by remodeling 
and reduplications of the glomerular basement mem-
brane (GBM). The prevalence of TG is approximately 
5–10% of renal allografts at 5 years post-transplantation; 
rarely it can be a subclinical finding in protocol biopsies. 
The lesion is associated particularly with chronic alloan-
tibody-mediated injury and generally has a poor progno-
sis for graft outcome.

Pathophysiology

TG is a chronic slowly progressive injury to glomerular 
capillary walls, presumed to be the consequence of chron-
ic glomerular endothelial activation and injury, with as-
sociated repair and remodeling of the GBM [1]. Glomer-
ular epithelial cell stress and reduced podocyte density 
also play a role in transplant-related glomerular injury, 
including significant podocyte detachment and increased 
urinary podocyte excretion in TG [2], with associated 
progressive glomerulosclerosis.

In antibody-mediated rejection (ABMR), sub-lethal 
complement-mediated chronic endothelial injury is as-
sociated with circulating donor-specific anti-HLA anti-
bodies (DSA), either class I or more commonly class II, 
interacting with HLA antigens expressed by the glomeru-
lar endothelium, and possibly also expressed by podo-
cytes. Approximately 75% of allografts with TG have as-
sociated concurrent or prior DSA, consistent with chron-
ic ABMR [1]. Molecular studies of allografts with 
alloantibody-mediated TG [3, 4] show increased expres-
sion of endothelial gene transcripts, such as Duffy blood 
group antigen, von Willibrand factor, adhesion mole-
cules MCAM and ICAM-1, and gamma interferon, con-
sistent with chronic endothelial activation and injury.

In pre-sensitized positive crossmatch patients with 
pre-existing DSA, early ultrastructural lesions of TG can 
be found as early as 3 months post-transplant and can 
progress to established TG within 1 year post-transplant 
in approximately 20% of cases [5]. In patients who devel-
op de novo DSA, the progression to overt TG is generally 
more protracted over many years [6]. ABO-incompatible 
renal allografts with DSA against blood group ABO anti-
gens have a mildly increased risk of TG [7]. Non-HLA 
antibody-antigen interactions can also be associated with 
development of TG [8], including post-transplant autoan-

tibodies to the GBM protein agrin [9] and to the ubiqui-
tous intermediate filament vimentin [10].

Transplant glomerulitis can be a pre-existing lesion of 
TG, with an intermediate chronic active stage of ABMR 
showing both lesions [11]. Animal models of ABMR have 
demonstrated morphologic progression from active glo-
merulitis to the chronic lesion of TG [12], and serial pro-
tocol biopsy studies in human ABMR suggest a similar 
temporal progression in both pre-sensitized patients [5] 
and with development of de novo DSA [13]. The evidence 
for chronic T-cell-mediated rejection (TCMR) as a cause 
for TG is less definitive, but given that TCMR can be a 
cause for transplant glomerulitis, the possibility of pro-
gression to TG cannot be discounted.

Chronic hepatitis C virus infection is also a recognized 
association of TG in several studies [14–16], not associ-
ated with circulating cryoglobulins or glomerular im-
mune complex deposition [17]. HCV-positive TG has a 
worse graft outcome compared with HCV-negative TG 
[16], possibly related to antiphospholipid antibody-me-
diated thrombotic microangiopathy. There are thus over-
lapping pathways to development of TG, for example, any 
cause of chronic glomerular thrombotic microangiopa-
thy, including chronic calcineurin inhibitor nephrotoxic-
ity, can result in a morphologic lesion identical to TG.

Several animal models of TG have been developed. A 
rat model used Fisher-344 kidneys transplanted into 
Lewis rats without immunosuppression [18]. Graft har-
vesting at sequential time points up to 26 weeks showed 
glomerular lesions typical of human acute and chronic 
ABMR, including glomerular hypertrophy, glomerulitis, 
microthrombi, microaneurysms, loss of podocytes, GBM 
reduplications, and secondary focal and segmental glo-
merulosclerosis. Glomerular subendothelial and mesan-
gial electron dense immune complex-type deposits were 
also identified in this rodent model at 26 weeks post-
transplant, comparable to a subset of human TG biopsies, 
raising the possibility of alloantibodies directed against 
non-MHC GBM or mesangial epitopes, and in situ im-
mune complex deposition in the pathogenesis of TG.

A nonhuman primate model of chronic ABMR in re-
nal allografts in cynomolgus monkeys has also been ex-
tensively studied [12] and shows similar progression of 
renal pathology lesions analogous to human allografts, 
with microvascular inflammation, C4d deposition, and 
progression to TG and chronic arteriopathy. Molecular 
analysis for gene transcripts related to ABMR showed 
similar findings in this primate model to human ABMR, 
with several endothelial genes (VWF, DARC, and CAV1) 
being discriminatory for ABMR [19].
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Clinical Manifestations

TG can be a subclinical finding in protocol allograft 
biopsies from patients with DSA, with higher risk associ-
ated with HLA class II DSA [20]. Once TG presents clin-
ically, there is usually proteinuria of sub-nephrotic or ne-
phrotic range. As the lesion progresses, there is indolent 
graft dysfunction with slowly rising serum Cr levels, hy-
pertension, and shortened graft survival. There can be a 
disconnect between the severity of clinical and patholog-
ical features, with a relatively low level of proteinuria, but 
an established TG lesion identified ultrastructurally.

Once TG is demonstrated histologically on renal al-
lograft biopsy, the prognosis for graft survival is poor, 
with progressive graft dysfunction and increasing pro-

teinuria. In a series of crossmatch negative kidney recipi-
ents, graft survival was 62% at 5 years post-transplanta-
tion in patients with TG, compared with 95% in those 
without TG [21]. Some studies have found that the prog-
nosis for TG is worse when there is associated active mi-
crovascular inflammation [4], and when C4d staining is 
positive in peritubular capillaries [22].

A recent large multicenter study of TG [23] showed 
that by integrating clinical, functional, immunologic and 
histologic data, 5 distinct groups of TG could be identi-
fied, with differences in allograft survival at 5 years after 
diagnosis of TG ranging from 22 to 88%. The worst prog-
nosis group presented later post-transplant, with higher 
levels of proteinuria, and higher Banff scores for chronic 
tubulointerstitial and vascular damage. A significant 

a b

c d

Fig. 1. Highly sensitized patient, 2nd renal allograft, with multiple 
preformed HLA class I and II DSAs (A1, A32, Cw9, DP3, DP17). 
Earlier allograft biopsies showed C4d-positive active ABMR and 
TCMR treated aggressively with plasmapheresis, thymoglobulin, 
and OKT3. Developed proteinuria and progressive graft dysfunc-
tion, with rapidly evolving TG due to ABMR, progressing to graft 
failure at 20 months post-transplant. a, b Renal allograft biopsy at 
4.5 months post-transplant with TG (Banff score cg1). There are 

scattered glomerular capillaries with GBM reduplications (ar-
rows). PAS stain, ×600. c, d Renal allograft biopsy at 11 months 
post-transplant with severe TG (Banff score cg3), with glomerular 
capillaries showing multiple irregular GBM reduplications (ar-
rows). PAS stain, ×600. TG, transplant glomerulopathy; GBM, glo-
merular basement membrane; ABMR, antibody-mediated rejec-
tion; DSA, donor-specific antibody; TCMR, T-cell-mediated re-
jection.
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number of TG cases in this study showed a mixed rejec-
tion phenotype, with lesions of TCMR as well as chronic 
active ABMR. A recently published literature review and 
meta-analysis [24], incorporating a total of 21 studies and 
6,783 patients, showed that TG is associated with a 3-fold 
increase in risk of graft failure, and a 15-year shorter graft 
survival.

There is no good evidence that biopsy-proven TG iden-
tified by light microscopy (LM) can be reversed or that de-
cline in graft function can be significantly delayed, with the 
presently available treatments for chronic ABMR [25]. 
However, if TG is diagnosed at an early ultrastructural stage 
(Banff cg1a) in protocol biopsies at 3 months post-trans-
plant, aggressive treatment for ABMR with high-dose IVIG, 
plasmapheresis, and/or rituximab may prevent further pro-
gression of the lesion to overt TG in some cases [26]. Some 

investigators have found that treatment of established TG 
with rituximab and IVIG may help stabilize level of protein-
uria and preserve graft function [27]. Also treatment with 
tocilizumab (anti-IL6 monoclonal antibody) has been re-
ported to stabilize graft function in patients with chronic 
active ABMR, although biopsy-proven TG scores remained 
stable after such treatment [28, 29].

Light Microscopy

TG is identified histologically by reduplications or 
“double contours” of the GBM in peripheral glomerular 
capillary loops (Fig. 1a–d, 2a, b), best identified with base-
ment membrane stains (periodic acid-Schiff and metha-
namine silver). In early stages, it is a focal lesion present 

a b

c d

Fig. 2. Renal allograft biopsy at 11 years post-transplant; patient 
has de novo HLA class I (A1) DSA since 8 years post-transplant. 
There is active glomerulitis (Banff score g2) with prominent endo-
thelial swelling and endocapillary mononuclear inflammatory 
cells (a, b), forming endocapillary occlusive lesions (c, d *). There 
is established chronic TG (Banff score cg1) with GBM reduplica-

tions by LM (b arrow), and subendothelial widening with focal 
circumferential GBM reduplication (c, d arrows) by EM. a, b PAS 
stain, ×600. c ×6,000. d ×10,000. TG, transplant glomerulopathy; 
GBM, glomerular basement membrane; DSA, donor-specific an-
tibody; LM, light microscopy; EM, electron microscopy.
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in a minority of glomeruli, so adequate glomerular sam-
pling is necessary. As the lesion progresses, it becomes 
more diffuse, with associated glomerular hypertrophy, 
variable mesangial matrix expansion (without mesangial 
nodule formation or significant mesangial cell prolifera-
tion), and secondary focal segmental and global glomeru-
losclerosis and hyalinosis. Advanced TG would usually be 
associated with progressive interstitial fibrosis and tubu-
lar atrophy, arterial fibrous intimal thickening, and severe 
nodular hyaline arteriolosclerosis.

TG associated with DSA is often seen in association 
with some degree of active microvascular inflammation, 
specifically transplant glomerulitis and peritubular capil-
laritis. Transplant glomerulitis is characterized by intra-
capillary aggregation and margination of mononuclear 
leukocytes and/or neutrophils, and endothelial cell swell-

ing, causing variable capillary luminal occlusion (Fig. 2a–
d). In the presence of documented DSA, the combination 
of active glomerulitis and peritubular capillaritis with TG 
would be diagnostic of chronic active ABMR.

Immunofluorescence Microscopy

Immunofluorescence (IF) findings in TG include 
mild-to-moderate glomerular mesangial and capillary 
wall deposition of IgM and C3, and no diagnostic staining 
for IgG, IgA, and C1q. Glomerular IF studies are most 
important for excluding the presence of a recurrent or de 
novo immune complex-mediated glomerulonephritis. A 
recent study found glomerular C3 deposition to be an in-
dependent risk factor for allograft failure in TG [30].

a b

c d

Fig. 3. Protocol renal allograft biopsy at 1 year post-transplant. 
Prolonged delayed graft function after transplantation, with previ-
ous biopsies in the first month post-transplant showing acute tu-
bular necrosis and early vascular rejection (Banff grade IIB). No 
significant proteinuria and negative for DSA at time of this biopsy. 
Glomerular capillaries show endothelial cell activation and swell-
ing, with loss of normal fenestrations (a, b), and luminal inflam-

matory cell (b *). There is very early TG (Banff score cg1a) with 
focal subendothelial widening and incomplete thin GBM redupli-
cation (c, d arrows) identified in occasional glomerular capillaries. 
a ×15,000. b ×15,000. c ×10,000. d ×20,000. TG, transplant glo-
merulopathy; GBM, glomerular basement membrane; DSA, do-
nor-specific antibody.
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Staining for C4d (by IF or immunohistochemistry) is 
often positive in the glomerular capillary walls in TG, par-
ticularly when severe, with strong segmental or global 
pseudolinear, trans-membranous pattern of capillary 
loop staining [31], distinct from the nonspecific glomeru-
lar mesangial C4d staining. This glomerular capillary wall 
C4d deposition reflects structural GBM remodeling and 
can also be seen in various native and transplant-related 
glomerulopathies, including thrombotic microangiopa-
thies and hereditary molecular GBM lesions [31, 32]. 
Thus, pseudolinear C4d staining along glomerular capil-
lary walls, in particular when seen in isolation and with-
out accompanying peritubular capillary staining in trans-
plants, does not indicate a specific underlying disease eti-
ology, such as antibody-induced injury. Glomerular C4d 
staining is not used to determine the C4d status of a renal 
allograft biopsy, which is based only on extent of peritu-
bular capillary staining.

Electron Microscopy

In the earliest stage of TG (Fig. 3), the normal thin 
fenestrated glomerular endothelium shows an activated 
phenotype, characterized by cytoplasmic swelling, 
abundant mitochondria, enlarged Golgi apparatus, cy-
toplasmic vacuolization, loss of fenestrations produc-
ing a continuous cytoplasm, and an irregular serrated 
endothelial border along the GBM. Sequential ultra-

structural studies in protocol and indication allograft 
biopsies show that these earliest morphologic features 
of evolving TG can be identified in the glomerular en-
dothelium as early as 1 month post-transplantation [26, 
33]. In pre-sensitized patients with pre-existing DSA, 
endothelial cell swelling can be seen as early as day 3 
post-transplant [26].

These early glomerular endothelial cell abnormalities 
are associated with focal GBM abnormalities, specifically 
expansion of the lamina rara interna producing suben-
dothelial electron-lucent widening, and very early base-
ment membrane reduplication on the endothelial aspect 
of the GBM (Fig. 3c, d, 4a, b). The thin layer of redupli-
cated GBM is initially incomplete, and interrupted by in-
vaginations of endothelial cell cytoplasm into the ex-
panded subendothelial portion of the GBM (Fig. 4a, 6a). 
If these ultrastructural findings of early GBM reduplica-
tion are identified in at least 3 distinct glomerular capil-
lary loops, in the absence of overt TG by LM, a diagnosis 
of Banff score cg1a can be made, as recommended at the 
2013 Banff conference [34]. The study by Haas and Mi-
rocha [26] showed that the presence of all 3 early ultra-
structural features of endothelial cell swelling, subendo-
thelial widening, and early GBM reduplication was a 
consistent finding for evolving TG associated with 
ABMR.

With progression of TG (Fig. 5–7), the reduplicated 
subendothelial layer of GBM becomes circumferential 
around the affected capillary loop. Cellular interposition 

a b

Fig. 4. Renal allograft biopsy at 6 years post-transplant; recently detected de novo HLA class II (DQ2) DSA. Glo-
merular capillaries showing early ultrastructural features of TG (Banff score cg1a) with circumferential suben-
dothelial widening, endothelial invaginations into GBM (a large arrows), and discontinuous thin GBM redupli-
cations (a, b small arrows). Occasional small subendothelial electron dense deposits are also present (a *).  
a ×10,000. b ×10,000. TG, transplant glomerulopathy; GBM, glomerular basement membrane; DSA, donor-spe-
cific antibody.
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a b

c d

a b

Fig. 5. Renal allograft biopsy at 9 years post-transplant; de novo HLA class II (DQ7). Glomerular capillaries with 
severe endothelial cell swelling, subendothelial widening, and continuous circumferential GBM reduplication of 
variable thickness (arrows). Luminal inflammatory cells are present in b–d (*). a ×12,000. b ×6,000. c ×10,000.  
d ×15,000. GBM, glomerular basement membrane.

Fig. 6. Renal allograft biopsy at 17 years post-transplant; de novo HLA class I (A1) and II (DR53,DR13) DSA. 
Glomerular capillaries with subendothelial widening, discontinuous (a) and circumferential continuous (b) 
GBM reduplication (small arrows), endothelial invaginations penetrate the new GBM layer (a large arrows), scat-
tered subendothelial nonspecific electron dense material (a large arrows), and cellular interposition (b *) into 
expanded subendothelial space. a ×12,000. b ×4,000. GBM, glomerular basement membrane; DSA, donor-spe-
cific antibody.
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a b

c d

Fig. 7. Renal allograft biopsy at 13 years post-transplant; de novo HLA class I (B13) DSA since 11 years post-
transplant; <1 g/day proteinuria, serum Cr 128 μmol/L. LM showed extensive GBM reduplications (Banff score 
cg3). Glomerular capillaries with an intraluminal neutrophil (a *), continuous circumferential GBM reduplica-
tion (b, c arrows), and subendothelial widening with focally prominent heterogeneous nonspecific electron dense 
material (d *). a ×8,000. b ×15,000. c ×12,000. d ×25,000. GBM, glomerular basement membrane; DSA, donor-
specific antibody; LM, light microscopy.

Fig. 8. Renal allograft biopsy at 14 years 
post-transplant; de novo HLA class I (A11) 
and II (DQ9) DSA; 6 g/day proteinuria. 
Glomerular capillaries with multiple cir-
cumferential GBM reduplications (small 
arrows) and cellular interposition in the 
widened subendothelial space (large ar-
row). ×10,000. GBM, glomerular basement 
membrane; DSA, donor-specific antibody.
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a b

Fig. 9. Renal allograft biopsy at 6 years post-transplant; de novo HLA 
class I (A1, A68) DSA; 2.4 g/day proteinuria, serum Cr 188 μmol/L. 
Glomerular capillary with multiple circumferential GBM reduplica-
tions (a small arrows), forming an interconnecting meshwork of base-

ment membrane layers (b *). There are cellular interpositions in the 
widened subendothelial space (a, b large arrows), and patchy glomeru-
lar epithelial cell foot process effacement. a ×6,000. b ×10,000. GBM, 
glomerular basement membrane; DSA, donor-specific antibody.

a b

c d

Fig. 10. Renal allograft biopsy at 7 years post-transplant; de novo 
HLA class II (DQ4) DSA since 1 year post-transplant; 4 g/day pro-
teinuria, serum Cr >400 µmol/L, GFR <20 mL/min. LM showed se-
vere TG (Banff score cg3) with extensive global glomerulosclerosis 
(>50% of glomeruli) and severe scarring with approximately 70% 
cortical IFTA. IF showed patchy glomerular capillary loop (1–2+) 
IgM and C4d; negative for IgG, IgA, C3, and C1q. Patient progressed 

rapidly to graft failure. Glomerular capillaries showing endothelial 
cell swelling, subendothelial widening with scattered electron dense 
deposits (c large arrow), and multiple irregular GBM reduplications 
(small arrows). a ×10,000. b ×12,000. c ×15,000. d ×15,000. TG, 
transplant glomerulopathy; GBM, glomerular basement membrane; 
DSA, donor-specific antibody; IFTA, interstitial fibrosis and tubular 
atrophy; IF, immunofluorescence; LM, light microscopy.
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by endothelial and/or mesangial cell processes within the 
expanded subendothelial space and in between the redu-
plicated new GBM layer and the pre-existing GBM can be 
seen, especially in advanced disease stages (Fig. 8, 9). Oc-
casionally, this cellular interposition may be almost cir-
cumferential (Fig. 12c, d). The expanded subendothelial 
space contains variable heterogeneous nonspecific elec-
tron dense flocculent or fibrillar material (Fig.  6a, 7d, 
10c).

Typical immune complex-type deposits are usually 
not present although scattered segmental subendothelial 
and mesangial deposits have been reported in a subset of 
human TG biopsies after careful exclusion of recurrent 
immune complex-mediated glomerulonephritis and 
hepatitis C infection [18]. With further progression of the 
lesion, multiple layers of subendothelial reduplicated 

GBM are being formed, producing a complex woven 
meshwork of basement membrane/densa-like material 
(Fig. 9b, 10d). Other ultrastructural glomerular changes 
in TG are mesangial matrix expansion, occasional endo-
thelial tubuloreticular inclusions [18], and variable podo-
cyte foot process effacement (Fig. 9, 12).

Associated with the development of TG, peritubular 
capillaries show similar endothelial and basement mem-
brane alterations [35] although those may be lacking in 
early cases of TG [36]. When present, there is peritubular 
capillary endothelial cell swelling with loss of fenestra-
tions, and progressive basement membrane multilayer-
ing, with 5 or more layers in at least 3 capillaries, and ≥7 
layers in at least 1 capillary, considered significant for 
chronic ABMR [36].

a b

c d

Fig. 11. Renal allograft biopsy at 2 years post-transplant with recurrent atypical hemolytic uremic syndrome, 
negative for DSA. Glomerular capillaries showing severe TG with intraluminal platelet accumulation (*), severe 
endothelial cell swelling (a, b), subendothelial widening, multiple GBM reduplications (arrows), and patchy glo-
merular epithelial cell foot process effacement. a ×10,000. b ×15,000. c ×10,000. d ×20,000. TG, transplant glo-
merulopathy; GBM, glomerular basement membrane; DSA, donor-specific antibody.
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Differential Diagnosis of Transplant Glomerulopathy

GBM reduplications can also be seen in other glomer-
ular diseases such as immune complex-mediated glomer-
ulonephritis. As a general rule TG is only diagnosed in the 
confirmed absence of a proliferative/immune complex-
mediated glomerular lesion; a diagnosis that is facilitated 
by accompanying “negative” IF and electron microscopy 
(EM) studies. Chronic thrombotic microangiopathy as-
sociated with drug toxicity, in particular calcineurin in-
hibitor toxicity, may cause a similar morphological pat-
tern of glomerular injury. Recurrence of atypical hemo-
lytic uremic syndrome gives essentially identical 
glomerular morphologic changes to TG (Fig. 11), as does 
an underlying chronic HCV infection (Fig. 12). In many 

cases detailed clinicopathological correlations can resolve 
most diagnostic uncertainties.

Banff Grading of Transplant Glomerulopathy

The lesion of TG is one of the chronic Banff scores (cg 
score) in the Banff classification for renal allograft pathol-
ogy [37, 38]. The severity of TG is graded according to the 
percentage of capillary loops showing GBM reduplica-
tions in the most severely affected glomerulus [39]. De-
tailed grading of TG requires both LM and EM studies. 
Banff score cg0 indicates no evidence of GBM reduplica-
tions by LM or EM. If early morphological features of TG 
are identified only by EM, with no definite GBM redupli-

a b

c d

Fig. 12. Renal allograft biopsy at 3 years post-transplant with severe TG (Banff score cg3), in a patient positive 
for HCV, negative for DSA. Allograft failure occurred 2 years after this biopsy at 5 years post-transplant. Glo-
merular capillaries showing intracapillary mononuclear cells (a *), severe endothelial cell swelling (c, d *), sub-
endothelial widening, multiple circumferential GBM reduplications (b, d small arrows), almost circumferential 
mesangial cellular interposition in the subendothelial space (c, d large arrows), and severe glomerular epithelial 
cell foot process effacement. a ×10,000. b ×15,000. c ×10,000. d ×15,000. TG, transplant glomerulopathy; GBM, 
glomerular basement membrane; DSA, donor-specific antibody.
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cations seen on LM, then Banff score cg1a is assigned 
(Fig.  3, 4). Banff cg1b indicates up to 25% of capillary 
loops showing reduplications identified by LM (Fig. 1a, 
b), cg2 indicates 26–50% of capillary loops showing redu-
plications, and cg3 indicates severe TG with >50% of cap-
illary loops showing reduplications (Fig. 1c, d).

Recommended Glomerular Electron Microscopy 
Sampling of Renal Allograft Biopsies

In the past, sampling of renal allograft biopsy tissue for 
glomerular EM was usually based on clinical suspicion of 
either recurrent or de novo glomerular disease, such as 
the presence of proteinuria or hematuria. This approach 
precludes the opportunity of detecting early or subclini-
cal glomerular disease, which may be more amenable to 
therapeutic intervention. Employing routine EM exami-
nation helps in this regard [40, 41]. The early ultrastruc-
tural changes of TG are relatively specific for ABMR and 
are found in both C4d-positive and in C4d-negative diag-
nostic biopsies [26]. The finding of ultrastructural chang-
es of early TG in a renal allograft biopsy should initiate 
careful investigation for circulating DSA, including both 
HLA and non-HLA antibodies.

In view of the importance of ultrastructural examina-
tion, the Banff Classification now recommends performing 
EM on all biopsies from patients at immunological high risk 
of developing ABMR, including those who are pre-sensi-
tized with DSA, those who develop de novo DSA at any time 
period post-transplant, and those who have had peritubular 
capillary C4d deposition, glomerulitis, or peritubular capil-
laritis in preceding biopsies [34]. It is also suggested that EM 
be performed routinely on all late indication renal allograft 
biopsies performed beyond 1 year post-transplantation. At 
least 10 glomerular capillary loops from at least one non-
sclerotic glomerulus per biopsy should be examined ultra-
structurally to search for TG. All available functional glom-
eruli for electron microscopic examination should be ex-
amined, as TG changes are often focal, and can show 
variable severity between glomeruli. In addition, it is rec-
ommended that at least 10 peritubular capillaries from ar-
eas with most pronounced changes are ultrastructurally ex-
amined in a targeted manner for severity of basement mem-
brane multilayering [36].

If early TG ultrastructural changes are identified (Banff 
cg1a), this should prompt more rigorous testing for DSA. 
If DSA is identified, then early therapeutic interventions 
may be beneficial in preventing or slowing the develop-
ment of TG and progressive allograft dysfunction.

Conclusion

TG is a manifestation of chronic sustained endothelial 
injury in renal allografts and represents a morphologic 
pattern – not necessarily indicating a specific diagnosis. 
Several diseases and underlying etiologies may result in 
the phenotype of TG. In kidney transplant recipients, en-
dothelial cell injury and TG is often due to repetitive or 
persistent/chronic antibody-induced injury and used as 
one sign of chronic ABMR. Early TG lesions noted by EM 
may be reversible with aggressive targeted antirejection 
therapy. Once fully developed, TG is progressive and ir-
reversible, with a poor renal allograft prognosis. An early 
diagnosis of TG established by routine ultrastructural ex-
amination is beneficial for patient management, in par-
ticular in patients at high risk for ABMR.
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