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Renal injury due to anti-glomerular basement membrane
antibody-mediated glomerulonephritis without circulating antibody
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Introduction

Patients with anti-glomerular basement membrane (GBM)
antibody-mediated GN usually present with rapidly pro-
gressive glomerulonephritis (GN) [1]. Patients may have
isolated renal disease or may also have pulmonary symp-
toms [1]. The disease is caused by antibodies to the non-
collagenous-1 (NC1) domain of the α3 chain of collagen
IV, termed Goodpasture’s antigen, in the majority of
cases [2].

The antibody may cross-react in some patients with
alveolar basement membranes and cause pulmonary he-
morrhage (Goodpasture’s disease) [1]. It is a rare cause
of acute kidney injury, with an incidence of 0.5–1 cases
per million populations [3]. Diagnosis may be based on
the detection of circulating antibodies by immunoassays,
and is usually confirmed by a renal biopsy. A renal biopsy
shows linear staining of immunoglobulin (Ig) along the
GBM by immunofluorescence. The autoantibody is gener-
ally IgG, although other Ig classes may be co-deposited.
There are isolated reports of IgA or IgM alone being de-
posited on the GBM and also detected in the circulation
[4]. The specificity of the antibody can be confirmed by
western blotting [3]. False-negative serology antibody
results may occur, generally in patients with isolated mild
pulmonary disease [3]. False-positive results can occur in
certain assays when circulating antibodies are generated
to GBM antigens other than the NC1 domain of the α3
chain of collagen IV or in patients with polyclonal
immune stimulation [3]. We report a patient who under-
went a renal biopsy because of poorly controlled hyper-
tension, nephrotic range proteinuria and rapidly
progressive renal failure. The renal biopsy showed necro-
tizing crescentic GN superimposed on idiopathic nodular
glomerulosclerosis (ING) and linear staining of IgG along
the glomerular capillary walls. Circulating anti-GBM anti-
bodies were found to be absent by standard immunoas-
says. This case illustrates the complexity of renal lesions
that may coexist. Implication for establishing the diagno-
sis of anti-GBM-mediated GN and the need for renal
biopsy in making specific diagnosis are also discussed.

Case history

A 79-year-old man presented with complaint of persist-
ent lower extremity edema, not relieved by diuretics. He
had a history of poorly controlled hypertension, nephrotic
range proteinuria and rapidly progressive renal failure
with rising of serum creatinine from baseline 150.0 to
266.0 mmol/L within 2 months. His past clinical history
was significant for hyperlipidemia, chronic obstructive
pulmonary disease, benign prostatic hyperplasia, osteo-
arthritis and hyperparathyroidism. The remaining review
of systems was negative. There was a history of smoking
for 40 years. There was no history of diabetes mellitus or
glucose imbalance.

On physical examination, he appeared acutely ill. His
blood pressure was 203/90 mmHg, respiratory rate
15/min, pulse rate 79/min and temperature 36.1°C.
There was a 2+ pitting edema of the lower extremities.
The remaining physical examination was unremarkable.

Laboratory studies demonstrated blood glucose levels
to be 6.0 mmol/L, sodium 144 mmol/L, potassium 4.4
mmol/L, chloride 107 mmol/L, bicarbonate 29 mmol/L,
calcium 2.0 mmol/L, phosphorus 1.7 mmol/L, blood urea
nitrogen 7.6 mmol/L, creatinine 266.0 μmol/L and total
serum proteins 53.0 g/L with gamma globulin 30.0 g/L.
Hemoglobin A1c was 0.06 hemoglobin fraction. His lipid
profile was within the normal range. Serum anti-nuclear
antibody was negative, anti-double stranded DNA was
<20 IU/mL, anti-neutrophil cytoplasmic antibody (ANCA)
was negative, anti-GBM antibody test by ELISA was <5
kU/L, C3 1.3 g/L, C4 0.3 g/L and serum protein electro-
phoresis showed no M-spike. Urine dipstick was positive
for 3+ blood and 3+ protein. The urine protein:creatinine
ratio was 8470 mg/mg (normal range 0–200). A renal ul-
trasonography showed the right kidney measuring 9.1 cm
and left kidney 11.1 cm in length. A percutaneous renal
biopsy was performed to assess the cause of acute
kidney injury.

Renal biopsy findings. The renal biopsy specimen included
two pieces of cortex containing 17 glomeruli, 4 of which
were globally sclerosed. Six glomeruli showed crescents, one
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cellular and five fibrocellular, and three glomeruli had focal
fibrinoid necrosis (Figure 1) and one also had segmental en-
docapillary proliferation. The GBM revealed segmental
double contours but there were no spikes, holes or corruga-
tion. In addition, there was a moderate increase in mesan-
gial matrix and mild increase in cells with focal nodular
expansion with mesangiolysis and microaneurysmal dilata-
tion of the capillaries with fragmented red blood cells within
the mesangial nodules (Figure 2). The mesangial nodules
stained positive with Jones’ silver stain and periodic acid
Schiff stain. There was ∼30% patchy, well-delineated inter-
stitial fibrosis with proportional tubular atrophy and moder-
ate lymphoplasmacytic infiltrate. There were no features
suggestive of obstruction such as dilated Bowman’s spaces
or tubular dilatation. There were no fractured casts, crystals
or polarizable materials. Arterioles showed moderate hyali-
nosis, but not demonstrated to involve both afferent and ef-
ferent arterioles. Arteries showed moderate intimal fibrosis
without fibrinoid necrosis or vasculitis.

Three of seven glomeruli examined by immunofluores-
cence also showed fibrocellular crescents. There was 3+ (0
to 3+ scale) diffuse linear staining along the GBM for IgG

(Figure 3), and 2+ equal staining for kappa and lambda
light chains. There was discontinuous, trace to 1+ linear
staining of GBM for C3. There was no glomerular staining
for albumin, IgA, IgM and C1q. There was no tubular base-
ment membrane (TBM) staining for any antisera.
By electron microscopy, GBM showed normal thickness

in areas away from increase in lamina rara interna with
an average of 450 nm (average GBM thickness for adult
man in our laboratory 370 ± 42 nm) (Figure 4). There was
a diffuse increase in lamina rara interna. There were no
immune complex deposits. There were no fibrin tactoids
or reticular arrays. There was a moderate increase in me-
sangial matrix. The foot processes were ∼90% effaced.
There were no TBM deposits.
The final morphologic diagnosis was anti-GBM anti-

body-mediated necrotizing crescentic GN, superimposed
on changes consistent with ING, and moderate
arterionephrosclerosis.

Clinical course. The patient received solumedrol, 3 g i.v.,
cytoxan 1 g i.v. and plasmapheresis ×14. He subsequently
was transitioned to oral prednisone 60 mg daily and oral
cytoxan 100 mg daily. He developed end-stage renal

Fig. 1. A glomerulus with nodular sclerosis and segmental fibrinoid
necrosis (arrow) (Jones’ silver stain, ×400).

Fig. 2. A glomerulus with nodular sclerosis with mesangiolysis and
microaneurysmal formation with fragmented red blood cells within the
mesangial nodules associated with a small cellular crescent (arrow)
(Jones’ silver stain, ×400).

Fig. 3. Linear staining of the glomerular capillary wall for IgG (anti-IgG
immunofluorescence, ×400).

Fig. 4. Electron microscopy shows normal thickness of lamina densa with
a diffuse increase in lamina rara interna (arrow) and extensive foot
process effacement (transmission electron microscopy, ×5200).
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disease and has remained on thrice weekly hemodialysis.
Repeat laboratory testing for serum anti-GBM antibody by
ELISA following the renal biopsy diagnosis was negative.

Discussion

This biopsy showed complex findings with necrotizing
crescentic GN with linear staining of GBM for IgG and
nodular sclerosis. Nodular sclerosis may be present in dia-
betic nephropathy and have linear GBM accentuation [5].
However, our patient did not have diabetes and there was
no history of glucose intolerance, and electron microscopy
showed normal GBM thickness, thus not indicative of dia-
betic nephropathy. Additional possibilities of nodular
sclerosis include diverse conditions such as idiopathic and
secondary membranoproliferative GN (MPGN) Type I and
II, amyloidosis, monoclonal Ig deposition disease, fibril-
lary GN, immunotactoid glomerulopathy, cryoglobuline-
mia and ING. In this case, there were no immune complex
deposits by immunofluorescence or electron microscopy
to suggest MPGN Type I or II. There were no fibrillary de-
posits to suggest amyloidosis or fibrillary GN, and no mi-
crotubular or other deposits to suggest cryoglobulinemia
or immunotactoid glomerulopathy. There were no mono-
clonal Ig deposition disease type deposits and no TBM
deposits. Therefore, these findings are indicative of ING, a
diagnosis of exclusion [6–8]. The linear GBM staining then
must be reconsidered, and integrated with the remaining
findings, namely necrotizing crescentic GN. This patient
had negative ANCA and negative anti-GBM antibody
testing. However, the renal biopsy findings indicate likeli-
hood of anti-GBM-induced necrotizing crescentic GN.

Anti-GBM antibody-mediated GN, characterized by the
deposition of anti-GBM antibodies in a linear fashion
along the GBM, results in necrotizing crescentic GN,
leading to acute and often irreversible kidney injury [9]. It
accounts for 5–10% of cases of acute kidney injury pre-
senting with rapidly progressive GN [10]. Making the diag-
nosis of anti-GBM antibody-mediated GN as the cause of
acute kidney injury is vital because early treatment may
be lifesaving and allow preservation of renal function [9].
Rarely, anti-GBM disease occurs in combination with
other diseases. The most common concurrent process in-
cludes ANCA-associated crescentic GN and membranous
glomerulopathy [11, 12]. Rarely, anti-GBM disease has
also been reported in association with diabetes [13].
However, our review of the medical literature did not
reveal any cases of ING with anti-GBM antibody positivity.

Anti-GBM antibodies are usually IgG, mostly of the
IgG1 subclass [14]. These are directed against Goodpas-
ture’s antigen (NC1 domain of the α3 chain of collagen
IV). Anti-GBM antibodies can be detected by ELISA and
western blotting methods [3]. The rapid diagnosis of anti-
GBM disease is increasingly reliant on ELISA techniques
to detect circulating anti-GBM antibodies [3]. However,
false-positive and false-negative results occasionally may
occur using this method. The former generally results
from sera containing high levels of polyclonal Ig and can
be excluded by both appropriate negative controls and
use of the more sensitive and specific western blotting
technique, only accessible in reference laboratories [3].
False-negative results are less common, but may occur in
2–3% of cases because of the low range of anti-GBM anti-
body level or non-IgG (e.g., IgA) causing disease, which
may not be detected in standard anti-GBM ELISAs [3]. A

few cases have been reported in which the only anti-GBM
antibody detectable in serum and along the GBM was IgA
or IgM class [4, 15]. Such cases were only identified after
ELISA techniques were modified or renal biopsy material
was analyzed. In this patient, anti-GBM antibodies were
negative by ELISA, and the renal biopsy was the only test
detecting anti-GBM mediated GN. These biopsy results
must be interpreted in light of the clinical setting, serologi-
cal results and histopathological findings. Salama et al.
demonstrated that highly sensitive biosensor techniques
could detect circulating anti-GBM antibodies despite nega-
tive ELISA and western blot results [3]. These studies
suggested that ELISA- and western blot-negative anti-GBM
disease may occur in patients with anti-GBM antibody-
mediated GN. However, this technique is not currently
available for routine clinical assays. Therefore, in patients
with rapidly progressive GN and negative serological test
results, an early renal biopsy may allow the diagnosis to be
made and effective treatment to be initiated.

The term ‘idiopathic nodular glomerulosclerosis’ was first
introduced by Herzenberg et al. to describe renal findings
that closely resemble nodular diabetic glomerulosclerosis,
but occurring in non-diabetic patients [8]. The present case
appears to be one such example. Markowitz et al. reported
23 cases of ING in which other possible entities that can
produce nodular sclerosis were excluded [6]. They found
that the patients with ING are typically older (mean age
68.2 years), Caucasian (73.9%), men (78.3%) with a history
of long-standing (mean 15.1 years) hypertension (95.7%)
and smoking. Clinical presentation included renal insuffi-
ciency (82.6%) and nephrotic range proteinuria (69.6%). All
these clinical features were present in this patient and,
although not specific, support this diagnosis.

Immunofluorescence studies in ING may show linear
GBM staining which is invariably accompanied by equally
bright linear staining for albumin just like diabetic nephro-
pathy [8, 13]. In contrast to anti-GBM disease, the staining
for C3 is absent [8]. In this case, albumin stain was nega-
tive and there was discontinuous linear staining for C3
along the GBM. Therefore, the strong linear GBM staining
for IgG in the presence of necrotizing crescentic GN in this
case is indicative of anti-GBM antibody-mediated disease.

Conclusion

We report a case of anti-GBM antibody-mediated GN
superimposed on ING in the absence of circulating anti-
GBM antibodies by ELISA. This false negative result
occurs only in 2–3% of patients. This low range of anti-
GBM antibody level or non-IgG (eg, IgA) causing disease
may not be detected in standard anti-GBM ELISAs. In this
reported case, the renal biopsy was the only test detect-
ing anti-GBM antibody-mediated GN.

Teaching points

(i) Serum anti-GBM antibodies by ELISA are not entirely
sensitive in making a diagnosis of anti-GBM disease.

(ii) A negative test for the serum anti-GBM antibodies
test does not absolutely rule out renal disease due to
such antibodies.

(iii) A renal biopsy is the gold standard in establishing a
diagnosis of anti-GBM antibody-mediated GN.
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