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Introduction

Goodpasture’s syndrome is a rare, life-threatening pulmo-
nary-renal syndrome characterized by the production of
autoantibodies to a component of the glomerular basement
membrane (GBM). The syndrome involves an autoim-
mune response to the non-collagen domain 1 of the human
alpha-3 chain of type IV collagen, α3(IV)NC1. The term
Goodpasture’s syndrome is often used to refer to the
constellation of a rapidly progressive (crescentic) glo-
merulonephritis, pulmonary haemorrhage and, by defini-
tion, detection of circulating anti-GBM antibody. Many
clinicians rely on commercially available assays to detect
anti-GBM antibodies in the clinical setting of rapidly
progressive glomerulonephritis; however, there are few
case reports of Goodpasture’s syndrome in the absence
of these antibodies. We report here an unusual case of
a patient with clinical and histological evidence of anti-
GBM antibody mediated Goodpasture’s syndrome with
positive anti-neutrophil cytoplasm antibodies (ANCA)
but without evidence of circulating anti-GBM antibody.

Case report

A 55-year-old African American male presented to our hos-
pital with shortness of breath and haemoptysis lasting 3
weeks. The patient had a past medical history significant
for coronary artery disease, mixed connective tissue disease
(MCTD) with a remote history of prednisone use and hy-
pertension which was well controlled on metoprolol, fosi-
nopril and hydrochlorothiazide. He denied any fevers, night
sweats, weight loss, exposure to any sick contacts, nausea/
vomiting or urinary complaints. Upon arrival, his serum
creatinine level was 1.44 mg/dL, which rapidly increased
to 5.21 mg/dL over 72 h. Urinalysis revealed >100 red
blood cells per high-powered field, and 2+ proteinuria
without red blood cells or granular casts. Chest computed
tomography (CT) revealed ground glass opacities consis-
tent with diffuse alveolar haemorrhage, which prompted
a bronchoscopy yielding a diagnosis of diffuse alveolar
haemorrhage. Serologic studies including HIV antibody,
hepatitis B and C panels, serum cryoglobulins, anti-nuclear
antibodies (ANA), cytoplasmic anti-neutrophil cytoplasm
antibodies (c-ANCA), complement levels (C3, C4) and an-
ti-GBM antibody performed by enzyme-linked immuno-
sorbent assay (ELISA) were negative, while the only
positive result was a positive perinuclear ANCA at a dilu-
tion of 1:160.

Initial transjugular right kidney biopsy yielded two frag-
ments of renal cortex with only eight glomeruli. On light
microscopy, there were only two glomeruli available for re-
view, of which neither demonstrated crescents. The prelim-
inary diagnosis from the serologies and inadequate
transjugular renal biopsy was a pauci-immune glomerulo-
nephritis. The consulting nephrology teamwas not comfort-
able with the diagnosis in light of the patient’s clinical
presentation, and the decision to perform a CT-guided renal
biopsy was made 2 days later.

The second kidney biopsy yielded three cores of renal
cortex with 25 glomeruli per tissue level. Light microscopy
revealed that six glomeruli (24%) had cellular crescents,
three glomeruli (12%) were globally sclerotic, and four glo-
meruli (16%) contained foci of fibrinoid necrosis. There
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was no evidence of GBM reduplication or spike formation
on silver stain, nor was arteritis identified. Immunofluores-
cence microscopy showed weak linear staining of the glo-
merular basement membrane and some vessel walls with
antisera to C3. Antisera to IgG strongly stained the GBM
in a linear fashion. Antisera to IgM stained with weak inten-
sity in a granular pattern primarily in the mesangium. Anti-
sera to C1q and IgA failed to stain the tissue. Antisera to κ
andλ light chainsweaklystained theGBMinalinear fashion.

The patient responded to induction therapy using meth-
ylprednisolone 250 mg IV every 6 h with cyclophospha-
mide 2 mg/kg PO for 3 days, followed by a reduction in
immunosuppression to prednisone 1 mg/kg PO twice daily
and cyclophosphamide 1 mg/kg PO daily. The patient con-
tinued to improve clinically and biochemically as he re-
ceived chemotherapy and dialysis three times a week. He
was discharged on 1 mg/kg of oral cyclophosphamide a
day for 6 months, 1 mg/kg of prednisone twice a day with
a prolonged taper over 12 months and continued to receive
dialysis thrice weekly for a total of 3 weeks until his native
renal function returned. More than 12 months have now
passed, and he remains dialysis independent with a serum
creatinine of 1.57 mg/dL and negative serologies while re-
ceiving maintenance immunosuppression of azathioprine
(100 mg/day) and low-dose prednisone (1 mg/day).

Discussion

Collagen is a major building block of the basement mem-
brane for all epithelial cells. Collagen type IV is made of
six distinct α-chains [α1(IV)–α6(IV)] and is the most
common protein present in basement membranes of hu-
mans. Collagen α1(IV) and α2(IV) are ubiquitously ex-
pressed in the basement membrane of most organ
systems, whereas the limited presence of α3(IV) through
α6(IV) chains belies their highly specialized functions.
The α3(IV) chain’s presence is confined to the kidney,
lung, cochlea, Bruch’s membrane of the retina and the tes-
tis. The Goodpasture antigen is the non-collagenous do-
main of the α3 chain of type IV collagen located near
the C-terminus and is usually hidden from immune surveil-
lance through interactions with other non-collagenous do-
mains of the triple helical promoter α3α4α5(IV). The
specialized GBM is essential to the proper function of
the kidney as witnessed by patients with Alport’s syn-
drome. Homozygotes lacking both α3(IV) chains develop
progressive renal failure and sensineuronal deafness, while
heterozygotes traditionally develop thin basement mem-
brane disease [1]. Alport’s patients who receive renal allo-
grafts are also at increased risk of de novo anti-GBM
antibodies [2].

The histology in Goodpasture’s disease is characterized
by a linear distribution of immunoglobulin within the
GBM. Promptly diagnosing anti-GBM disease is vital to
the patient with acute glomerulonephritis, as early treatment
of Goodpasture’s disease leads to improved recovery of
renal function and mortality [3]. Additionally, the major-
ity of patients will not recover renal function if treatment
is initiated when their serum creatinine is >5.7mg/dL
[4,5]. In light of these data, rapid detection of circulating

anti-GBM antibodies is a crucial part of the diagnostic
armamentarium.

Multiple assays have been used to determine the pres-
ence of circulating anti-GBM antibodies. The first of these
assays employed indirect immunofluorescence of normal
human kidney tissue; however, this method was plagued
by a lack of quantification (with an inherently lower sen-
sitivity) and consequently fell into disvafour [6]. These as-
says were supplanted by ELISA using human purified or
recombinant Goodpasture antigen. Currently, there are
many different commercial anti-GBM antibody assays pro-
duced using different antigenic substrates claiming to have
excellent sensitivity and specificity. The anti-GBM anti-
body used at our institution is the LabCorp Binding Site
assay with a ‘manufacturer-claimed diagnostic sensitivity
of 100%’. Sinico et al. compared the performance of four
antibody kits using the sera of 103 subjects: 34 serum sam-
ples from 19 Goodpasture patients, 41 samples from dis-
ease controls and 28 serum samples from healthy donors.
The authors found that the sensitivity of all four assays was
comparable, ranging from 94.7% to 100%, while the spec-
ificity varied from 90.9% to 100% [7].

Although there is a paucity of literature discussing the
diagnosis of Goodpasture’s disease in the absence of a pos-
itive ELISA test, there has been a preponderance of research
devoted to identifying the epitopes that elicit anti-GBM an-
tibody production. In 1999, Hellmark et al. published a pa-
per documenting a series of crucial amino acid residues near
the N-terminal portion of the α3(IV)NC1 protein, residues
17, 18, 19, 21, 24, 27, 28, 31 and 57, which they labeled S2,
that could elicit a pathogenic autoantibody response [8].
Netzer et al., using epitope mapping of 14 different α1α3
(IV)NC1 chimeric proteins, identified two immunodomi-
nant regions at amino acid residues 17–31 and 127–141,
which they named Ea and Eb, respectively [9]. Additional
evidence suggests that the Ea epitope is the antigen most
commonly associated with clinical Goodpasture’s disease
[10].

Furthermore, the clinical significance of the Goodpas-
ture’s disease conformational epitopes is obfuscated by
the simultaneous presence of ANCA’s. In the largest biop-
sy series to date, Yang et al. took 205 samples of anti-
GBM antibody-positive sera and analysed their specificity
and absorbance values. The results were fascinating in that
63 of the 205 (30.7%) serum samples were doubly positive
for anti-GBM antibody and ANCA (61 +MPO-ANCA,
6 +PR3-ANCA, and 4 triple positive) [11]. These results
were echoed in other research which showed that the pres-
ence of ANCA in anti-GBM disease ranged from 10% to
38% of cases [12–15]. In 2007, Yang et al. demonstrated
that the immune response is different in patients positive
for both ANCA and anti-GBM (double-positive patients)
compared to patients expressing only the anti-GBM anti-
body. Anti-α3(IV)NC1 antibody levels and epitope recog-
nition defined by absorbance values to epitopes Ea, Eb and
S2 were all lower in double-positive patients as compared
to patients with anti-GBM antibody alone. The lower affin-
ity or lower absolute concentrations of the anti-GBM auto-
antibodies in these double-positive patients may have
arisen because of a lower specificity for the normal immu-
nogenic antigen in Goodpasture’s disease or because the
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immune response developed a broader spectrum of autoan-
tibodies [11]. Such lower affinity antibodies to the GBM
epitope may account for the negative ELISA results in our
patient. The standard anti-GBM ELISA utilized Fe-specific
alkaline phosphatase-conjugated goat antihuman anti-IgG
immunofluorescent antibodies to visualize absorbance. In
this proposed mechanism, the antibody’s binding to the
GBM during the ELISA procedure lacks the sufficient af-
finity to remain attached during the washout step. In a sim-
ilar mechanism, Salama et al. [16] described three patients
with IgG, IgA and IgM antibody-negative Goodpasture’s
disease using standard ELISA techniques. All three diag-
noses were confirmed by renal biopsy, which demonstrated
linear IgG deposition along the GBM with crescent forma-
tion. However, when the authors utilized a highly sensitive
biosensor system with real-time antibody–antigen recogni-
tion, the pathogenic antibody was subsequently detected.
Another possible explanation for the negative anti-GBM
ELISA assay can be due to different immunoglobulin clas-
ses such as an IgA anti-GBM antibody to induce clinical
Goodpasture’s disease [17].

Animal models of experimental autoimmune glomerulo-
nephritis provide reasonable evidence that Goodpasture’s
disease can be antibody negative. This T-cell-mediated
process has been shown to occur in the absence of any im-
munoglobulins and directly involves CD4+ T cells and
macrophages [18]. Robertson et al. not only demonstrated
the presence of a single T-cell epitope in the N-terminal
area of α3(IV)NC1 construct Ea, but also only three amino
acid residues within this construct (at positions 17, 19 and
20) were essential to generate a cell-mediated immunolog-
ic response [19]. Wu et al. were able to demonstrate that
transferring α3(IV)NC1-specific T cells alone was able to
induce glomerulonephritis in animal models without the
production of an anti-GBM antibody [20]. Another possi-
bility is that this patient may have had an autoantibody to
an epitope other than α3(IV)NC1 which elicited an im-
mune response to the GBM. For example, either the
non-collagenous domains of α4 or α5 type IV collagen
chains could be the pathogenetic epitopes. This seems un-
likely since previous reports have shown that 60–80% of
Goodpasture’s patients with antibodies to α3(IV)NC1 also
have antibodies to other α(IV)NC1 domains [11,21,22],
while there are no reports demonstrating the converse.
Given that our patient had strong linear staining of IgG
along the GBM on renal biopsy and these animal models
inherently show negative immunofluorescence, this mech-
anism cannot fully explain the reason for a lack of a pos-
itive IgG anti-GBM antibody.

We believe that the diagnostic distinction between
Goodpasture’s disease and other etiologies is important
to this case, and we feel that the patient was best served
by repeating the native renal biopsy. The diagnostic dis-
tinction between ANCA-associated systemic vasculitis
and Goodpasture’s disease is important clinically with
respect to patient prognosis. Recovery of renal function
is rare for Goodpasture’s patients presenting with severe
renal insufficiency [4]. The largest retrospective review of
71 patients receiving standard treatment with plasma ex-
change, corticosteroids and cyclophosphamide showed that
patients presenting with a serum creatinine of 5.7 mg/dL or

greater, but not requiring dialysis, had a 1-year renal and
patient survival of 82% and 83%, respectively. However,
patients presenting with dialysis-dependent renal failure
had a worse prognosis with renal and patient survival being
8% and 65% at 1 year and 5% and 36% at 5 years, respec-
tively [3]. Long-term data for Goodpasture’s patients is not
currently available. In comparison, patients with Wegener’s
granulomatosis have a more benign prognosis in regards
to being dialysis dependent. In a retrospective analysis
of 108 patients, 5-year renal survival was placed at
75% [23], and 40–70% of Wegener’s patients presenting
with dialysis-dependent renal failure still had functioning
kidneys 3 years after presentation [24]. For patients
presenting with both anti-GBM antibodies and positive
ANCAs, studies have shown either a better prognosis for
these double-positive patients [25,26] or a similar prognosis
[27,28] compared to patients with only a positive anti-GBM
antibody.

The issue of diagnostic accuracy is also relevant to treat-
ment resistance, relapse rates and alternate treatment regi-
mens. In a large cohort of 334 patients with AASV, 23% of
treated patients became treatment resistant [29]. Patients
with AASV-induced end-stage renal disease who are fortu-
nate enough to receive a kidney transplant still have a risk
of recurrence [30]. In comparison, the risk of recurrence of
Goodpasture’s disease after treatment is rare [31] with only
five cases of recurrent GBM disease in renal transplant pa-
tients [32]. Alternative treatments are also available for
persisting, relapsing or refractory disease in AASV but
are nonexistent in Goodpasture’s disease.

Many physicians rely on the validity of a negative anti-
GBM antibody ELISA assay. However, this method of an-
tibody detection has its limitations, and the natural history
of Goodpasture’s disease dictates that any false negative
result and resultant error in diagnosis is severely detrimen-
tal to both patient and renal survival. As demonstrated by
the present case, a kidney biopsy remains the best method
of diagnosing anti-GBM disease in the appropriate clinical
context. Furthermore, it is important for clinicians to un-
derstand the limitations of current assays used in the lab-
oratory work-up of anti-GBM disease.

Teaching points

(1) Goodpasture’s disease and ANCA-associated vasculi-
tis have a serologic overlap which may be clinically
relevant.

(2) Animal models using immunologic intricacies of
Goodpasture’s disease support the idea that the disease
can be present without a pathogenic autoantibody.

(3) No single test can replace the accuracy of a good-quality
kidney biopsy and a nephrologist’s clinical acumen in
diagnosing Goodpasture’s disease.
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