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Alveolar haemorrhage in anti-glomerular basement
membrane disease without detectable antibodies by
conventional assays
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Anti-glomerular basement membrane (anti-GBM) disease
represents the spectrum of disease attributable to circulating
anti-GBM antibodies. While active anti-GBM disease in the
absence of circulating anti-GBM antibodies has been
described, it is considered rare with the use of current
routinely available assays. We report four subjects with
features consistent with active anti-GBM antibody disease
without detectable antibodies by routinely available enzyme
linked immunosorbent assay (ELISA) and immunoblot tech-
niques. All were smokers who presented with diffuse alveolar
haemorrhage, minimal renal involvement, and undetectable
anti-GBM antibodies. Seronegative anti-GBM disease with
predominant pulmonary involvement may be more common
than previously appreciated and should be part of the
differential diagnosis for otherwise unexplained diffuse
alveolar haemorrhage. Renal biopsy with immunofluorescent
studies should be considered in the diagnostic evaluation of
such subjects, including those with idiopathic pulmonary
haemosiderosis.

A
nti-glomerular basement membrane (anti-GBM) dis-
ease is a rare disease with a reported incidence of
approximately one per million.1 It represents the

spectrum of disease attributable to circulating anti-GBM
antibodies. The formation and deposition of these antibodies
along glomerular and alveolar basement membranes is the
pathological hallmark of the disease, with the alpha-3 chain
of type IV collagen representing the antigenic target.2

Goodpasture’s (pulmonary-renal) syndrome is the archetypal
and most common presentation of this spectrum, charac-
terised by rapidly progressive glomerulonephritis and pul-
monary haemorrhage. The introduction of combination
treatment with plasma exchange, cyclophosphamide, and
prednisone in the 1970s has been associated with dramatic
improvements in the prognosis of this condition.

Although apparently isolated pulmonary haemorrhage is
recognised within the spectrum of anti-GBM disease, it
occurs only occasionally and is almost universally associated
with histological evidence of renal involvement.3 4 Previous
case reports have described patients with isolated alveolar
haemorrhage subsequently shown to have anti-GBM dis-
ease.5–7 Several of these patients had negative anti-GBM
antibodies and were originally diagnosed with idiopathic
pulmonary haemosiderosis. However, these older studies
used indirect immunofluorescent (IIF) and radioimmunoas-
say (RIA) techniques. IIF techniques are generally considered
to be less sensitive than currently available ELISA based
assays due to difficulties in interpreting non-specific
staining.2 We describe four subjects with active alveolar
haemorrhage due to anti-GBM disease despite negative

anti-GBM antibodies by routinely available contemporary
techniques.

CASE REPORTS
These cases represent four consecutive patients referred for
respiratory opinion at two university teaching hospitals who
were subsequently shown to have pulmonary manifestations
of anti-GBM disease.

All subjects were current cigarette smokers of at least one
packet per day and none had any occupational history of
solvent or hydrocarbon exposure. None had any signs of
systemic vasculitis or connective tissue disease, and all had
negative anti-neutrophil cytoplasmic antibodies (ANCA). A
summary of the investigations performed in all subjects is
shown in table 1.

Patient 1
A 27 year old man presented with a 1 week history of
haemoptysis. Urinalysis was unremarkable. Investigations
showed normal renal function and haemoglobin. Chest
radiography and computed tomographic (CT) scan showed
diffuse airspace disease consistent with alveolar haemor-
rhage, and this was confirmed at bronchoscopy with
progressively bloodier returns on sequential bronchoalveolar
lavage. Anti-GBM antibodies by immunoblot (GBM
Quickcard, Bio-Diagnostics, Upton upon Severn, UK) were
undetectable. The patient had no further haemoptysis and his
chest radiographic changes resolved. A presumptive diagnosis
of idiopathic pulmonary haemosiderosis was made and on
review 1 month later he remained well.

He failed to attend subsequent outpatient appointments
and presented again nearly 2 years later with further diffuse
alveolar haemorrhage. The chest radiograph again showed
widespread alveolar opacification, he was anaemic and
carbon monoxide gas transfer coefficient (KCO) was raised.
Renal function and initial urinalysis were again unremark-
able. Anti-GBM antibodies were now positive by both
immunoblot (GBM Quickcard) and ELISA (Euro-
Diagnostica, Malmo, Sweden). He developed active urinary
sediment without significant renal impairment and was
commenced on plasmapheresis and immunosuppression
with cyclophosphamide and methylprednisolone. He ceased
smoking and 5 months later remained well on cyclophos-
phamide immunosuppression.

Patient 2
A 35 year old man presented with haemoptysis.
Investigations revealed anaemia and normal renal function
but active urinary sediment. A chest radiograph and high

Abbreviations: ANCA, anti-neutrophil cytoplasmic antibodies; GBM,
glomerular basement membrane; IIF, indirect immunofluorescent; KCO,
carbon monoxide transfer factor; RIA, radioimmunoassay
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resolution CT scan of the chest showed widespread air space
opacification consistent with diffuse alveolar haemorrhage,
confirmed on respiratory function testing by substantially
raised KCO. Anti-GBM antibodies by IIF (Monkey Kidney
Slides, The Binding Site, Birmingham, UK), immunoblot
(GBM Quickcard), and two different ELISA kits (Euro-
Diagnostica and Immco Diagnostics, Buffalo, NY, USA) were
negative, but renal biopsy confirmed linear IgG deposition
along the glomerular basement membrane with focal
crescentic glomerulonephritis consistent with anti-GBM
disease. He was commenced on plasmapheresis and immu-
nosuppression with methylprednisolone and cyclophospha-
mide. Initially he deteriorated with progressive pulmonary
haemorrhage, but subsequently improved with no further
haemoptysis. He ceased smoking and at last follow up
12 months after completing 1 year of immunosuppressive
therapy had no evidence of recurrent disease.

Patient 3
A 36 year old man presented initially with GBM positive
renal failure and was treated with plasmapheresis, cyclopho-
sphamide, and corticosteroids. He continued immunosup-
pressive therapy until he received a renal transplant after
being antibody negative for over 12 months. After transplan-
tation he remained well on cylosporine, azathioprine, and
prednisone for 3 years and then cyclosporine and azathio-
prine for 6 years until he presented with haemoptysis
12 months before the current admission. Anti-GBM anti-
bodies then were undetectable by immunoblot (GBM
Quickcard) and his haemoptysis resolved spontaneously.

At the current episode he presented with haemoptysis,
anaemia, and widespread bilateral alveolar infiltrates on the
chest radiograph. He was receiving cyclosporine and azathiopr-
ine and had stable renal function with inactive urinary
sediment. Respiratory function tests and bronchoscopic exam-
ination confirmed diffuse alveolar haemorrhage; however,
anti-GBM antibodies were negative by immunoblot (GBM
Quickcard) and ELISA (Immco Diagnostics). His haemoptysis
and radiographic abnormalities resolved spontaneously.

He presented again 2 months later with further haemo-
ptysis and radiographic evidence of diffuse alveolar haemor-
rhage, again confirmed on pulmonary function testing. Renal
function remained stable but active urinary sediment was
now present. Anti-GBM antibody tests were negative by IIF
(The Binding Site), immunoblot (GBM Quickcard), and both
ELISA assays (Immco Diagnostics and Euro-Diagnostica).
Biopsy of his allograft demonstrated diffuse linear IgG on
glomerular capillary walls and a diagnosis of recurrent anti-
GBM disease was made. Plasmapheresis and enhanced
immunosuppression with cyclophosphamide and methyl-
prednisolone were commenced with control of pulmonary
haemorrhage. He ceased smoking and has had no further
haemoptysis for 3 years.

Patient 4
A 17 year old man presented with acute renal failure and iron
deficiency anaemia. Anti-GBM antibodies by ELISA were
positive (Immco Diagnostics), with renal biopsy confirming
linear IgG deposition along glomerular capillary walls. He
was treated with plasmapheresis, cyclophosphamide, and
prednisone and became anti-GBM antibody negative; how-
ever, his renal failure persisted and he commenced haemo-
dialysis. Cyclophosphamide was stopped 2 months after
commencement because of lymphopenia, and he continued
treatment with prednisone alone.

Two months later he developed haemoptysis. The chest
radiograph and CT scan showed airspace disease consistent
with diffuse alveolar haemorrhage, and this was confirmed at
bronchoscopy and on lung function testing. Anti-GBM
antibodies were negative by both immunoblot (GBM
Quickcard) and ELISA (Euro-Diagnostica) but a presumptive
diagnosis of recurrent anti-GBM disease was made.
Augmented immunosuppression with cyclophosphamide
and methylprednisolone was commenced. He had no further
haemoptysis and his chest radiographic abnormalities
resolved. He ceased smoking and at last follow up 3 years
later had had no further haemoptysis.

Table 1 Summary of investigations performed, confirming alveolar haemorrhage and evaluating anti-GBM status

Subject 1 Subject 2 Subject 3* Subject 4*

Episode 1 Episode 2 Episode 1 Episode 2 Episode 3 Episode 2

Chest radiology� + + + + + +
Bronchoscopy` + ND ND + ND +
KCO (% predicted, corrected for Hb) ND 120% 167% 140% 170% 130%
Urinalysis 2 2 Prot trace 2 Prot 1+ 2

Blood 3+ Blood 1+
Haemoglobin (g/l) 154 86 94 122 92 102
Serum creatinine (mmol/l) 0.064 0.07 0.08 0.11 0.09 0.72
ANCA

IIF1 2 Unint 2 2 2 2

MPO/PR3 ELISA� ND 2 2 2 2 2

Anti-GBM antibodies
Immunoblot (GBM QuickCard) 2 + 2 2 2 2

ELISA (Immco Diagnostics) + 2 2 2

ELISA (Euro-Diagnostica) 2 2 2

IIF (The Binding Site) 2 2

Renal biopsy** ND ND + ND + ND

+, positive; 2, negative; ND, not performed; Prot, protein; ELISA, enzyme linked immunosorbent assay; KCO, carbon monoxide transfer factor; GBM, glomerular
basement membrane; ANCA, anti-neutrophil cytoplasmic antibodies; IIF, indirect immunofluorescence; MPO, myeloperoxidase; PR3, proteinase-3; Unint,
uninterpretable.
Reference ranges for anti-GBM assays: Immunoblot = negative, ELISA ,20 for both, IIF ,1:2.
*Episode 1 for both subjects 3 and 4 predated involvement with the respiratory service (see text for details): anti-GBM antibodies at episode 1 were negative for
subject 3 (immunoblot) and positive for subject 4 (ELISA).
�Radiology positive if demonstrated bilateral alveolar opacification consistent with alveolar haemorrhage.
`Bronchoscopy positive if consistent with alveolar haemorrhage—that is, progressively bloodier returns on sequential bronchoalveolar lavage ¡ numerous
haemosiderin laden macrophages seen on cytological examination.
1Inova Slides (San Diego, USA) except subject 4 (performed on in-house cytospin slides).
�Orgentec (Mainz, Germany).
**Renal biopsy positive if linear immunofluorescent staining of glomerular basement membrane present.
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DISCUSSION
The formation and deposition of anti-GBM antibodies along
the glomerular and alveolar basement membranes is the
pathological hallmark of anti-GBM disease,1 and there is
compelling evidence that these antibodies are directly
pathogenic.8 9 The rarity of reported cases of anti-GBM
disease without detectable antibodies supports this concept.
Therefore, while the absence of detectable antibodies in the
current cases may mitigate somewhat against this diagnosis,
cases 1 and 2 had anti-GBM disease definitively proven by
subsequent positive anti-GBM antibodies or renal biopsy
with characteristic immunofluorescent findings.
Furthermore, cases 3 and 4 had alveolar haemorrhage in
the setting of previous GBM positive anti-GBM disease and
exclusion of alternative diagnoses. These four cases raise
interesting possibilities about the underlying pathophysiol-
ogy of anti-GBM disease, and suggest that respiratory
physicians should have a heightened awareness of this
condition even in the absence of detectable antibodies by
routinely available techniques.

It is possible that the prior administration of immunosup-
pressive therapy to subjects 3 and 4 may have influenced the
results of antibody testing by reducing the levels of
circulating anti-GBM antibodies below the detection limits
of conventional routinely available assays. However, available
evidence suggests that clinical manifestations of GBM
disease reflect the pathogenic effects of the presence of
antibodies irrespective of whether this is initial presentation
or recurrence,8 although the actual antibody titre may not
necessarily correlate to degree of activity.10 Consistent with
this, the vast majority of reported cases of recurrent disease
had recrudescence of detectable anti-GBM antibodies at
clinical recurrence, despite prior immunosuppressive ther-
apy.10–15 Furthermore, there is no evidence that prior
immunosuppressive therapy alters the ability to detect anti-
GBM antibodies by changing the epitopes recognised by the
antibodies or otherwise interfering with the assays used.

The inability to detect anti-GBM antibodies may reflect
technical limitations of the routinely available assays (IIF,
immunoblot and ELISA) rather than true antibody negativ-
ity. The fact that antibodies were detected in high titre in case
1 after initially being undetectable suggests that they may
have been initially present in low levels. However, we used
commercially available ELISA and immunoblot assays which
are considered more sensitive than IIF. To ensure that the test
results were not the result of technical error, all serum
samples were retested on the corresponding assays shown in
table 1, and serum from patients 2 and 3 were sent to other
laboratories for testing on alternative ELISA kits with
persistently negative results. There is evidence that the
diagnostic performance of different commercial ELISA kits
varies,16 although the four different anti-GBM assays
(Immunoblot, two commercial ELISA kits, and IIF using
monkey kidney slides; table 1) used to assess our cases were
found to have equal sensitivity in seven patients with renal
biopsy proven anti-GBM disease (Wilson RJ et al, unpub-
lished data). However, the possibility remains that all the
assays used are relatively insensitive for very low levels of
circulating anti-GBM antibodies.

Salama et al17 have estimated that seronegative anti-GBM
disease may occur in 2–3% of patients based on their
experience as a reference laboratory for anti-GBM antibody
testing in the UK. They recently described three patients with
negative antibodies by ELISA but typical renal biopsy
changes of anti-GBM disease,10 and were subsequently able
to detect circulating antibodies in two of these patients using
a new highly sensitive biosensor assay system. The authors
had initially speculated that these patients would have low
circulating levels of antibodies detectable only by the more

sensitive test, but the levels were actually shown to be similar
to those seen in the lower range in other patients.
Unfortunately there was insufficient serum left to perform
this more sensitive assay in our patients, which may have
provided useful information about very low levels of
circulating anti-GBM antibodies.

A review of 10 reports describing apparently isolated
alveolar haemorrhage subsequently shown to represent
anti-GBM disease4–7 18–23 found that only six of 13 cases were
initially positive for serum anti-GBM antibodies. This lends
support to the possibility that seronegative anti-GBM disease
by routine anti-GBM assays may explain isolated alveolar
haemorrhage more often than is currently appreciated.

Furthermore, our series raises the intriguing possibility
that idiopathic pulmonary haemosiderosis may represent a
‘‘form fruste’’ of anti-GBM disease. Case 1 was initially given
this diagnosis of exclusion before anti-GBM antibodies
became positive. Others have reported similar patients with
isolated pulmonary haemorrhage and no evidence of anti-
GBM disease diagnosed initially as idiopathic pulmonary
haemosiderosis who subsequently developed renal involve-
ment with positive anti-GBM antibodies.4 15 Donald et al23

actually described ‘‘idiopathic pulmonary haemosiderosis’’ in
a small series of subjects with isolated pulmonary haemor-
rhage and negative antibodies, despite one subject having
linear IgG staining of glomerular capillary loops on renal
biopsy.

It may be that subjects with very low levels of anti-GBM
antibodies develop isolated pulmonary haemorrhage when
exposed to the right precipitant. In anti-GBM disease,
development of pulmonary involvement requires an addi-
tional non-specific lung injury that increases alveolar-
capillary permeability. Concurrent infection, fluid overload,
high concentrations of inspired oxygen, volatile hydrocar-
bons, and cigarette smoking have all been implicated.24

Cigarette smoking is strongly correlated with the develop-
ment of pulmonary haemorrhage in patients with anti-GBM
disease.25 Our subjects were all smokers who presented with
alveolar haemorrhage and minimal evidence of active renal
involvement. Such subjects may represent a subgroup with
‘‘early’’ anti-GBM disease and relatively low circulating
antibodies that manifest pulmonary disease due to the direct
effects of cigarette smoke on the alveolar walls. It is possible
that smoking may even stimulate production of anti-GBM
antibodies by allowing direct contact between the alveolar
basement membrane and the immune system.

Our series suggests that alveolar haemorrhage in anti-GBM
disease that is seronegative by routinely available assays may
be more common than previously appreciated and clinicians
should have an enhanced awareness of this possibility,
especially in the setting of recurrent disease. This is
particularly important for respiratory physicians who manage
subjects with apparently isolated diffuse alveolar haemor-
rhage. A more aggressive approach to the investigation of
‘‘idiopathic pulmonary haemosiderosis’’ may be warranted;
evidence of even minimal renal involvement should point to
a strong consideration of renal biopsy. Early diagnosis of
anti-GBM disease in such patients would mandate more
vigilant monitoring for development of renal disease and
strengthen the argument for smoking cessation.
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No mortality benefit seen with methylprednisolone in ARDS
m Steinberg KP, Hudson LD, Goodman RB, et al. The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network. Efficacy and safety of corticosteroids for persistent acute respiratory distress
syndrome. N Engl J Med 2006;354:1671–84

T
he use of corticosteroids in acute respiratory distress syndrome (ARDS) is controversial,
with previous studies showing no benefit of high dose steroids in early ARDS but
indicating a possible role for moderate doses in late ARDS (.7 days after its onset). This

multicentre double blind trial randomised 180 intubated and mechanically ventilated
patients 7–28 days after the onset of ARDS to receive either intravenous methlyprednisolone
or placebo. The primary outcome was mortality at 60 days, with secondary outcomes
including ventilator-free days, days without organ failure, and infectious complications at
28 days.

There was no difference in mortality between the treatment and placebo groups at 60 days
(29.2% v 28.6%) or 180 days (31.5% v 31.9%). If the patients had ARDS for longer than
14 days before enrolment, methlyprednisolone was associated with increased mortality at
60 days (35% v 8%; p = 0.02). At 28 days the treatment group had more ventilator-free days
(11.2 v 6.8; p,0.001), more ICU-free days (8.9 v 6.2; p,0.02), and fewer episodes of shock
(6 v 17; p = 003), but they were more likely to have to resume assisted ventilation (20 v 6;
p = 0.008). They also had higher glucose levels and more episodes of severe neuromyopathy
(9 v 0; p = 0.001), although there was no difference in the rate of infectious complications.

From this evidence, it appears that the use of methlyprednisolone in ARDS confers no
survival benefit and may be harmful if initiated late. However, the reasons why initial
improvements in cardiovascular and respiratory parameters are not translated into improved
survival are unclear, and a better understanding of the mechanisms of ARDS may help to
define an optimal time frame and regimen for corticosteroids in the disease.
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