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1. Introduction

Transplant glomerulopathy (TG) in an allograft biopsy is typically defined as double 

contours of the glomerular basement membrane (GBM) in the absence of immune 

complexes. It results from chronic glomerular endothelial injury and subsequent GBM 

remodeling and is commonly associated with antibody-mediated rejection (AMR). It may be 

accompanied by glomerular infiltration (glomerulitis) with cytotoxic T lymphocytes and, to 

a lesser extent, monocytes. We describe a case of “acute” TG, represented by mainly 

endothelial injury and a monocyte-predominant infiltrate resulting in unusual histology and 

potential for misdiagnosis.

2. Case Report

A 48-year old woman with end-stage kidney disease underwent kidney transplantation four 

years after initiation of dialysis. She had a history of systemic lupus erythematosis 

diagnosed 16 years ago. She developed class V lupus nephritis that progressed over a several 

years to end-stage kidney disease despite treatment with prednisone, mycophenolate and 

rituximab. Her extra-renal manifestations of lupus included polyarthritis, alopecia, 

stomatitis, photosensitivity, pleurisy and skin rash.

At the time of kidney transplant, her lupus was clinically quiescent on maintenance therapy 

of prednisone 5 mg daily. She received a six antigen mismatched deceased donor kidney 

transplant. Pre-operative class I and II PRA were 25% and 63%, respectively, with no 

detectable anti-donor antibodies. She received alemtuzumab induction therapy and was 

maintained on tacrolimus, mycophenolate mofetil (MMF) and prednisone. Valganciclovir 

and co-trimoxazole were administered as prophylaxis against infections. Allograft function 

was prompt; serum creatinine fell briskly to a nadir of 1.0 mg/dl.
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Two months following transplant, she was found to be neutropenic on surveillance blood 

testing, prompting discontinuation of MMF, valganciclovir and co-trimoxazole. Shortly 

afterwards she presented with fever, malaise and sore throat. Blood and urine cultures and 

cytomegalovirus PCR were negative. She was treated with granulocyte colony stimulating 

factor and doxycyline. Her absolute neutrophil count rapidly improved from 0.209 × 103/μL 

to 1.665 × 103/μL (normal range; 1.8–7.7 × 103/μL) and her symptoms resolved. 

Mycophenolate mofetil was discontinued and she was discharged on maintenance tacrolimus 

and prednisone.

A week later her serum creatinine increased from 1.1 to 3.0 mg/dl. Urinalysis revealed +1 

blood, no protein, no white cells. Anti-dsDNA was negative (in contrast to a titer >1:1280 

three years prior to transplant). She was empirically treated with three daily doses of oral 

prednisone 50 mg and underwent an urgent allograft biopsy.

Light microscopy revealed 45 hypercellular glomeruli with loss of capillary luminal patency. 

Prominent endothelial swelling was observed along with luminal occlusion and rare 

infiltrating lymphocytes (Figure 1A). Except for rare foci of irregularities in the GBM, there 

was no significant thickening or reduplication. No glomerular deposits, karyorrhexis, GBM 

necrosis or crescents were identified. Mild interstitial edema was noted along with sparse 

mononuclear infiltrate involving approximately 40% of the renal parenchyma. Foci of 

tubulitis were rare with 4–5 lymphocytes per tubular cross section. Peritubular capillaritis 

was minimal accounting for < 10% of the sample. No tubular atrophy or interstitial fibrosis 

was noted and blood vessels were unremarkable. No viral inclusions were seen and 

immunostain for cytomegalovirus was also negative. C4d immunohistochemistry was 

negative in both glomeruli and peritubular capillaries.

Minimal glomerular and interstitial infiltrate prompted immunohistochemical 

characterization of cells occluding the glomerular capillary loops. Immunohistochemical 

analysis was performed using antisera against CD3 (pan T cell maker) CD4 (helper T-cell 

marker), CD8 (cytotoxic T-cell marker), CD163 (monocyte/macrophage marker) and CD20 

(B lymphocyte marker). Although swollen endothelium accounted for several 

intraglomerular cells, there were abundant monocytes/macrophages in all glomeruli (g3 by 

Banff 2007). A few glomeruli had only 7–8 CD163+ cells, but most had 20 or more 

intraglomerular monocytes/macrophages (Figure 1C). The mean number of monocytes 

(CD163+) per glomerulus was 18.2 cells, mean number of CD3+ T cells was 4.1 cells/

glomerulus and the mean glomerular monocyte-T cell ratio was 4.4. In addition, prominent 

interstitial CD163 infiltrate was identified that was underappreciated on light microscopy 

(Figure 1D). In contrast, interstitial and intraglomerular CD3+T lymphocytes were sparse 

and most were subtyped as CD8+ cytotoxic T cells (Figure 1B). Only occasional CD4+ 

helper T cells and rare CD20+ B lymphocytes were identified.

Immunofluorescence microscopy was negative except for trace mesangial IgM and 

fibrinogen and there was no evidence of recurrent lupus nephritis. No glomeruli were 

sampled for electron microscopy and hence, ultrastructural examination was performed on 

paraffin embedded tissue. Although electron dense deposits were not identified, features of 
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TG such as endothelial cell swelling and loss of fenestrations could not be adequately 

assessed due to fixation artifact.

Laboratory tests sent at the time of biopsy revealed new complement-fixing donor specific 

anti-HLA antibodies [measured using the C1q single antigen bead assay(1)] to HLA loci 

A24 (7318–9186 mean fluorescent units) and Cw6 (5183 mean fluorescent units). 

Additionally, she had markedly reduced total (832/μL) and CD4 (33/μL) lymphocytes counts 

consistent with her alemtuzumab induction therapy.

The biopsy diagnosis was acute TG with mild acute tubulointerstitial rejection. Although 

C4d stain was negative, positive donor specific antibody titers were compatible with acute 

AMR. Per Banff 2007 criteria, the biopsy also had grade 1A acute cellular rejection and the 

glomerular changes were scored as g3.

The glomerular changes were rather atypical with predominantly monocyte/macrophage 

infiltrate and paucity of T lymphocytes. Endothelial swelling was prominent, but no GBM 

reduplication was evident, most compatible with acute TG occurring within 3 months after 

transplantation. Recurrent lupus nephritis was also considered, but lack of immune deposits, 

glomerular necrosis, karyorrhexis and crescents, combined with negative anti-ds DNA titers 

made this diagnosis unlikely. In the absence of fibrin thrombi, low platelets or schistocytes, 

there was no support for acute thrombotic microangiopathy; glomerular mononuclear 

infiltrate would also be unusual in TMA. TG like changes unrelated to 

membranoproliferative glomerulonephritis or cryoglobulinemia have been described in 

hepatitis C infection, but the patient was HCV antibody negative.

Subsequent to the biopsy, the tacrolimus dose was increased, MMF restarted and prednisone 

slowly tapered. She received an infusion of intravenous immunoglobulin (IVIg). Over the 

next few weeks her serum creatinine improved to 1.1 mg/ul and the anti-donor specific 

antibody titers became undetectable. A second renal allograft biopsy was performed one 

month later to guide treatment and revealed substantial interval improvement. Only mild 

segmental increase in luminal lymphocytes was observed compatible with transplant 

glomerulitis (g1). Segmental mesangial expansion was observed, along with rare GBM 

double contours (cg1) (Figure 1E). No tubulointerstitial inflammation was seen. 

Immunofluorescence microscopy and C4d were negative. Electron microscopy showed 

widening of subendothelial space, endothelial swelling and focal GBM duplication 

compatible with TG (Figure 1F).

Six months later she is well with a creatinine of 1.0 mg/dl, urine-albumin-creatinine ratio < 

30 mg/g, neutrophils of 2–3 103/μL and undetectable anti-donor antibodies.

3. Discussion

Acute transplant glomerulopathy (TG) refers to alloimmune mediated endothelial injury and 

glomerular inflammation that typically occurs within 6 months of transplantation (2–4) 

Ultrastructural evidence of acute TG has been reported as early as 1 month post 

transplantation (5). Acute TG is a relatively uncommon diagnosis; its light microscopic 

findings are relatively subtle and its frequent lack of overt clinical manifestations may not 
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prompt an allograft biopsy. Acute TG is variably associated with peritubular capillaritis 

(frequently described as microcirculation inflammation). Chronic/overt TG, at the other end 

of the spectrum, is characterized by GBM double contours and variable mesangial matrix 

expansion readily recognized on PAS or silver stained sections (Figure 2). The earliest 

demonstrable changes of chronic TG may be manifest only at an ultrastructural level with 

the light microscopic findings of GBM duplication or multilamination lagging behind. 

Studies have shown that chronic/overt TG is usually preceded by acute TG and is associated 

with poor graft survival (6).

The earliest histologic change in acute TG is diffuse endothelial and mesangial cell swelling 

with lobular simplification and mesangiolysis (4). It is often associated with glomerular 

capillary mononuclear cell infiltration. Accumulating lymphocytes comprise of mostly 

cytotoxic T cells (7). Monocytes are seen but are not usually prominent (8). Immune 

complexes are not deposited except for occasional nonspecific IgM. The ultrastructural 

appearance closely parallels light microscopic findings with endothelial cytoplasmic 

swelling, loss of fenestrations and subendothelial electron-lucent widening (2). These early 

ultrastructural changes (seen in the first 1–3 months post-transplantation) are associated with 

subsequent development of chronic/overt TG (9).

Although earlier studies erroneously linked CMV viremia to acute TG based on temporal 

association between onset of viremia and allograft dysfunction, no such correlation was 

found subsequently (2). Chronic hepatitis C virus (HCV) infection in recipient or donor 

increases the prevalance of acute TG in early post transplanatation period (10, 11). Although 

HCV infection can also cause membanoproliferative glomerulonephritis, the absence of 

cryoglobulins, immune complex deposits and hypocomplementemia point toward the 

diagnosis of acute TG. While low level immune deposition with resorption prior to biopsy is 

a possibility, HCV-related thrombotic microangiopathy may underlie TG-like changes in an 

allograft (12, 13).

However, it is increasingly evident that acute as well as chronic/overt TG is often caused by 

circulating anti-HLA donor specific alloantibodies (DSA) and is frequently associated with 

C4d (6, 14). This causal link with alloantibodies is supported by a recent study in which the 

patients with electron microscopic evidence of early TG and positive DSA were treated for 

AMR thus preventing the development of overt TG (5). In addition to AMR, T cell mediated 

non-alloantibody processes may also play a role in pathogenesis of TG (15).

Acute TG is often associated with tubulointerstitial cellular rejection and results in poorer 

long-term prognosis possibly due to progression to overt TG and chronic AMR (6). 

Although distinct features of acute TG were well recognized, it was not incorporated in 

Banff grading of acute rejection due to lack of independent predictability of graft survival on 

multivariate analysis (16–18). However, newer studies have demonstrated that semi-

quantitative assessment of glomerulitis does correlate with clinically important transplant 

outcomes (19). For instance, the ‘microinflammation score’, a quantification of glomerulitis 

and peritubular capillaritis in renal biopsies (the sum of g and ptc), is highly predictive of 

positive DSA-staining (20).
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C4d staining in peritubular capillaries and glomeruli (by immunohistochemistry) is a marker 

of AMR. It has been shown that predominance of macrophages in acute TG, especially when 

associated with prominent glomerulitis (g2/g3 by Banff), is frequently associated with C4d 

(8, 21, 22). The absence of C4d in our patient may represent C4d-negative AMR (8, 23) or 

may represent a false negative immunohistochemical C4d stain. Gene expression 

microarrays have demonstrated that despite the absence of C4d, overexpression of 

endothelial-associated genes in the presence of DSA is associated with increased graft loss, 

providing the initial evidence of C4d negative AMR (23). C4d negative AMR clearly 

increases the risk of progression to chronic TG, but is less aggressive in comparison to C4d 

positive AMR (24, 25).

Prominent infiltration of monocytes in glomeruli correlates with worse prognosis (26), 

independent of C4d status (27). Although not routinely immunophenotyped, interstitial 

macrophage infiltrate in acute rejection may also be a poor prognostic sign. While the 

quantitative threshold for ”monocyte rich” transplant glomerulitis is not defined, one study 

showed an association between 3.01 ± 2.35 (versus 0.95 ± 1.00) monocytes per glomerulus 

with C4d positive transplant glomerulitis. In the same study, no significant differences were 

found in the T cell infiltrate per glomerulus in C4d positive versus C4d negative transplant 

glomerulitis (1.4 ± 0.9 versus 1.1 ±1.7)(8).

Glomerular lesions observed in allograft biopsies from patients with a history of lupus 

nephritis include proliferative glomerulonephritis with scant immune deposits (28). The 

histological features in such cases, while distinct from typical TG or acute transplant 

glomerulitis, can mimic acute TG. However, in the absence of serological support for active 

lupus and lack of glomerular necrosis, crescents and tubuloreticular inclusions in our patient, 

we considered recurrent lupus or lupus-related glomerular lesions unlikely. The progression 

of histological changes to typical TG in the repeat biopsy also supports our impression.

Alemtuzumab, a CD52-specific monoclonal antibody, binds to surface CD52 receptor on T 

cells, B ells and to lesser extent on monocytes and natural killer cells. Alemtuzumab 

induction is comparable to anti-thymocyte globulin in in terms of acute rejection rate in 

immunologically high-risk kidney transplant patients (29). Humoral rejection has been 

reported early following transplantation with alemtuzumab and one large trial have showed a 

non-statistically significant trend toward increased C4d staining on acute rejection biopsies 

in alemtuzumab versus thymoglobulin induction in sensitized patients in a post-hoc analysis 

(29, 30). Thus, there is a distinct possibility that alemtuzumab induction may have 

predisposed our patient to develop early AMR.

Alemtuzumab results in transient but marked peripheral and secondary lymphoid T cell 

depletion (31) due to complement mediated cell lysis. B cells and monocytes are also 

suppressed to a lesser degree. Despite this profound T cell depletion, early (2–4 weeks post 

transplantation) rejection episodes occur in alemtuzumab-induced patients in the absence of 

other adjuvant and chronic immunosuppressive therapy. Transcriptional analysis (using RT-

PCR) of these allograft biopsies had significantly elevated chemokines of macrophage and 

monocyte lineage relative to T lymphocytes (31). Immunophenotypic analysis of allograft 

biopsies has demonstrated that percentage of interstitial monocyte infiltrate is significantly 
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higher with alemtuzumab induction than with other protocols or no induction (31, 32). In 

fact, monocyte infiltration precedes clinical manifestations of acute rejection as evidenced 

by serial protocol biopsies (31). In alemtuzumab-treated patients with acute cellular 

rejection there is relative paucity of T lymphocytes with those present exhibiting a memory 

phenotype (31, 32). We propose that monocyte rich acute TG in our patients is due to 

profound T cell depletion and relative abundance of monocytes and macrophages associated 

with alemtuzumab therapy.

In our patient, the episode of rejection and development of new DSA was preceded by a 

period of protracted neutropenia for which her anti-metabolite (MMF) therapy was withheld. 

There are several reports linking neutropenia and prolonged time off anti-metabolite therapy 

to adverse outcomes including allograft rejection, graft loss and death in transplant 

recipients (33, 34). However, the use of granulocyte colony stimulating factor in these 

patients appears to safely expedite recovery without increasing the risk of adverse events.

The treatment of acute transplant glomerulitis, at least when accompanied by pathological 

features of AMR, C4d staining or DSA is designed to reduce circulating anti-donor antibody 

with IVIG, plasmapharesis and rituximab.

4. Conclusion

Although C4d was negative in our biopsy, the monocyte infiltrate, transplant glomerulitis 

and detectable alloantibody indicate an acute AMR developing in a patient who received 

alemtuzumab induction. The monocyte/macrophage influx in the glomerulus and 

interstitium in our patient was likely exacerbated by alemtuzumab induction, and this 

together with severe endothelial swelling resulted in an unusual histological picture.
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Highlights

Acute transplant glomerulitis typically occurs early post-transplant.

We describe a case of acute transplant glomerulitis with monocyte-rich 

infiltrate.

We hypothesize that alemtuzumab is responsible for the unusual 

histological findings.

We discuss the association between acute transplant glomerulitis, chronic 

glomerulitis and antibody mediated rejection.
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Figure 1. 
Renal allograft biopsy findings. A–D: First biopsy. A: The glomerulus shows diffuse 

endothelial swelling and obliterated capillary lumina (PAS). B: The glomerular 

intracapillary cells have a few cytotoxic CD8+ cells and C: numerous CD168+ monocytes/

macrophages. D: Patchy interstitial infiltrates of monocytes/macrophages staining for 

CD163. E–F: Second allograft biopsy. E: Glomeruli with segmental mesangial expansion, 

GBM irregularities and occasional lymphocytes (PAS) F: Electron microscopy shows 

subendothelial widening by electron lucent material
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Figure 2. 
Etiology of and relationship between acute and chronic transplant glomerulopathy
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