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Abstract

Objectives: Diagnosing atypical IgG4-mediated anti-
glomerular basement membrane (anti-GBM) disease is
challenging because conventional serological assays poorly
detect IgG4 antibodies. Here we study which commercial
assays are affected and we describe proof-of-concept of
improved IgG4 anti-GBM detection.

Methods: To investigate the scope of the diagnostic dilemma
detecting 1gG4 anti-GBM antibodies, serum from a patient with
atypical IgG4-mediated anti-GBM was distributed to 36 labo-
ratories participating in the Dutch External Quality Assess-
ment (EQA) program. To improve IgG4 anti-GBM detection in
the fluorescent enzyme immunoassay (FEIA), the standard
anti-IgG conjugate was replaced with anti-IgG4 conjugate.
Results: We report the diagnostic delay of a patient with
atypical anti-GBM disease who presented with an indolent
disease course. Histopathology comprised hallmarks of
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classic anti-GBM disease including bright linear IgG deposits
along the GBM but without the typical findings of diffuse
crescentic and necrotizing glomerulonephritis. IgG anti-
GBM test results were repeatedly negative. Histopatholog-
ical subclass analysis demonstrated that the linear IgG de-
posits were predominantly IgG4. All 36 Dutch EQA-
participants reported negative anti-GBM test results,
demonstrating that the diagnostic challenge of detecting
IgG4 anti-GBM is broadly applicable across multiple diag-
nostic assays. A minor modification to the manufacturer’s
standard protocol of the FEIA anti-GBM dramatically
improved the assay’s performance for measuring antibodies
of the IgG4 isotype. Using the modified 1gG4-GBM test, we
were able to diagnose and monitor one more patient with
atypical IgG4-mediated anti-GBM disease.

Conclusions: Here we demonstrate proof-of-concept of a
modified IgG4 anti-GBM blood test allowing serological
confirmation of atypical anti-GBM disease and sensitive
monitoring of therapy response.

Keywords: atypical anti-GBM disease; IgG4; monitoring;
modified blood test

Introduction

Anti-glomerular basement membrane (anti-GBM) disease is
a rare autoimmune condition characterized by pathogenic
autoantibodies targeting the non-collagenous domain of the
a3 chain of type IV collagen in the glomerular and alveolar
basement membranes [1]. It typically presents as rapidly
progressive glomerulonephritis, often with pulmonary
hemorrhage, and is known for its aggressive clinical course
[2]. The diagnosis is usually confirmed by the presence of
circulating IgG anti-GBM antibodies and linear IgG deposi-
tion along the glomerular basement membrane on kidney
biopsy [3, 4]. Prompt treatment with plasmapheresis, corti-
costeroids, and cyclophosphamide is crucial to reduce
morbidity and preserve renal function [5, 6].

In contrast, atypical anti-GBM disease often lacks circu-
lating anti-GBM antibodies detectable by standard assays but
does still demonstrate linear Ig staining on renal biopsy. Pa-
tients with atypical anti-GBM often have a milder clinical
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course and variable histologic features, including less cres-
cent formation and preserved kidney function [7]. Median
proteinuria is higher than that in classic anti-GBM, reflecting
a more chronic process causing glomerulosclerosis and more
severe podocyte injury in atypical anti-GBM disease [7, 8]. It is
hypothesized that either the target autoantigen or the auto-
antibody type in patients with atypical anti-GBM is different
from the classic type. Most commercially available anti-GBM
assays detect IgG antibodies against the a3 chain of type IV
collagen. Only modified assays will be able to detect IgA or
IgM antibodies against a3 chain of type IV collagen or IgG
antibodies targeting other GBM antigens. However, even after
extensive evaluation, no anti-GBM autoantibodies are iden-
tified in a significant proportion of cases with atypical anti-
GBM disease [7]. Segelmark et al. have previously shown that
the IgG anti-GBM antibodies are comprised of all four IgG
subclasses in most patients with classic anti-GBM disease, but
IgG1 autoantibodies dominated [9]. Some patients with atyp-
ical anti-GBM disease have predominantly IgG4 anti-GBM
antibodies [7, 8, 10]. Serological confirmation of these patients
is challenging because of the reduced ability of commercially
available anti-IgG conjugates to detect IgG4 autoantibodies.
In this case-series we report two patients with autoanti-
bodies restricted to IgG4 anti-GBM. A broad range of com-
mercial IgG anti-GBM tests did not detect these IgG4
autoantibodies. We came up with a solution to measure
IgG4 anti-GBM with FEIA. Adapting the manufacturer’s pro-
tocol by replacing standard anti-IgG conjugate with anti-IgG4
conjugate dramatically improved the assay’s performance. The
IgG4 anti-GBM blood test allowed serological confirmation of
atypical IgG4-mediated anti-GBM disease in these two patients
and sensitive monitoring of therapy responses. Recognizing the
spectrum of anti-GBM disease, including its atypical forms, is
vital for timely diagnosis and personalized management.

Materials and methods

Patients

All blood samples from patients with histology-proven anti-
GBM disease were obtained in routine diagnostics. This
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Informed consent was obtained
from all individuals included in this study.

Routine and modified anti-GBM tests

Routine serologic IgG anti-GBM testing was done using the
fluorescent enzyme immunoassay (FEIA) on the Phadia250
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analyzer (Phadia AB, Thermo Fisher Scientific, Uppsala,
Sweden). Other commercially available anti-GBM tests that
were used by participants in the Dutch EQA program were
CLIA (Bioflash, Werfen, Barcelona, Spain), Immunoblot
(Euroimmun, Liibeck, Germany), ELISA (Orgentec, Mainz,
Germany), and Immunoblot (BMD, Antwerp, Belgium).

For detection of IgG4 anti-GBM, the FEIA anti-GBM test
was modified by replacing the standard anti-IgG conjugate
by an anti-IgG4 conjugate (normally used for quantifying
allergen-specific IgG4 antibodies). The obtained FEIA signal
response obtained in this modified IgG4 anti-GBM test per-
formed on the Phadia250 analyzer is reported as arbitrary
units (a.u.). The cut-off reference value of this non-calibrated
IgG4 anti-GBM test is 530 a.u., which was calculated as the
mean IgG4 anti-GBM value (152 a.u.) plus three times the SD
(126) of 15 healthy controls. To estimate inter-assay variation
of the modified IgG4 anti-GBM test, three independent
measurements of three different samples with normal, in-
termediate and high IgG4 anti-GBM titers were performed.

Similar modifications were used to specifically measure
IgA- and IgM anti-GBM titers. For this the anti-IgG conjugate
was replaced by anti-IgA and anti-IgM conjugate, respec-
tively. Based on the mean plus three times the SD, the
following isotype-specific upper reference levels were ob-
tained: IgA anti-GBM <944 a.u. and IgM anti-GBM <46 a.u.

Results
Case description index case

A 26-year-old male initially presented in July 2024 to a Dutch
outpatient clinic with nephrotic syndrome of unknown
origin with a preserved renal function. The patient had no
relevant medical history, and no acute kidney injury was
observed. Due to personal reasons, the patient intended to
travel abroad and was therefore pragmatically managed
with perindopril, furosemide, and a direct oral anticoagu-
lant while awaiting his return. While abroad, the patient
developed a fever up to 39°C, along with lower leg pain
suspected to be of infectious origin, and experienced a rapid
deterioration in kidney function. He was treated with
cefixime for five days before being advised to return home
urgently, after which he was admitted to the hospital.
Upon hospital admission in early August, the patient
still exhibited dark urine and peripheral pitting edema
but showed no signs of an active infection or complaints
of pollakiuria, or dysuria. No additional systemic symptoms
were reported and the patient did not use NSAIDs. Physical
examination revealed mild peripheral edema and the
blood pressure was 128/88 mmHg. Laboratory findings
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demonstrated acute kidney injury with an estimated
glomerular filtration rate (eGFR) of 36 mL/min and a serum
albumin of 21 g/L. Urine microscopy revealed macroscopic
hematuria with 600 erythrocytes per high-power field, of
which >40 % were dysmorphic, without erythrocyte casts,
and with 2+ proteinuria. A 24-h urine collection yielded
1,700 mL of urine, with a protein excretion of 8.4 g/day and a
creatinine excretion of 14.6 mmol/day.

Immunological analysis revealed negative ANCA
serology, negative anti-GBM testing, negative cryoglobulins,
and negative anti-PLA2R antibodies. No monoclonal protein
was detected. CT angiography demonstrated normal kidney
size, absence of hydronephrosis, and no evidence of renal
vein thrombosis. Given the diagnostic uncertainty, a kidney
biopsy was performed. Pending biopsy results, the patient
was initiated on high-dose prednisolone at 70 mg/day. The
renal biopsy (20 glomeruli) demonstrated a diffuse
segmental sclerosing and partially extracapillary prolifera-
tive glomerulonephritis with mild nodular mesangial
expansion (Figure 1). Immunofluorescence revealed a linear
IgG staining pattern along the glomerular basement mem-
branes, consistent with anti-glomerular basement mem-
brane (anti-GBM) disease, with subclass analysis showing
IgG4 predominance. Approximately 20-25% of glomeruli
exhibited active crescents and/or fibrinoid necrosis, while
chronic changes were mild, involving about 10 % interstitial
fibrosis and tubular atrophy. Electron microscopy showed
no electron-dense immune deposits. Congo red, DNAJB9,
PLAZ2R, and NELL-1 staining were all negative. Overall, the
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findings support a diagnosis of atypical IgG4-mediated anti-
GBM glomerulonephritis.

Given the complexity of the case and the progressive
kidney injury, expert consultation was sought at a tertiary
medical center. The patient received a cyclophosphamide
infusion (15 mg/kg), methylprednisolone pulses of 1,000 mg
for three days, followed by oral prednisolone at 1 mg/kg.
Subsequently, the patient was transferred for further
management. Upon arrival at our tertiary center, the pa-
tient reported increased dyspnea and coughing over the
past few days. Suspecting pulmonary involvement, a high-
resolution CT thorax was performed, which revealed signs
of alveolar hemorrhage, confirming lung involvement.
Given the combination of renal and pulmonary involve-
ment plasmapheresis was initiated, despite the absence of
detectable anti-GBM antibodies in standard tests. Cyclo-
phosphamide therapy was switched from intravenous to
oral administration at 200 mg/day, and prednisolone was
gradually tapered using a reduced-dose regimen [11]. The
patient’s kidney function showed partial recovery over
time as a result of this treatment. At the start of plasma-
pheresis (dose 1.5 plasmavolume), serum creatinine was
422 ymol/L, decreasing to 286 pmol/L by the end of 11 plas-
mapheresis. Further recovery was observed in the outpa-
tient setting, with serum creatinine improving to 160 umol/
L after 1 year. Microscopic hematuria and proteinuria is
gradually decreasing and is still improving one year after
start of therapy (with a protein-creatinine ratio of 0.60 g/
10 mmol).

Figure 1: Kidney biopsy specimen. Light microscopy reveals extensive nodular mesangial expansion (black arrow), past (inactive) extracapillary

proliferation (red arrow), and focal segmental glomerulosclerosis lesions (red asterix) (A, B). In the trichome staining the nodular expansions are visible in
blue (C). Immunofluorescence staining reveals linear IgG deposition (2+) along the glomerular basement membrane and along the tubular basement
membranes of distal tubules (D). IgG subclass staining is equivocal for IgG1 (E), equivocal for IgG2 (F), negative for IgG3 (G), and positive (2+) for IgG4 (H).
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Adapted blood test to detect IgG4 anti-GBM

In an effort to detect circulating 1gG4 anti-GBM antibodies,
the FEIA anti-GBM assay was modified by replacing the
standard anti-IgG conjugate by an anti-IgG4 conjugate
(normally used for quantifying allergen-specific IgG4 anti-
bodies). The results showed a positive response (3,521 a.u.)
for IgG4 anti-GBM antibodies using this experimental setup
which was not detected in 15 healthy controls (all <437 a.u.).
Retrospectively, this modified IgG4 anti-GBM test provided
test results just above and just below the cut-off value in two
other patients who were previously diagnosed with atypical
anti-GBM disease based on progressive glomerulonephritis,
linear deposition of IgG along the GBM, and negative routine
anti-GBM test (Table 1). Unlike most patients with atypical
anti-GBM disease, patient 2 presented with rapidly pro-
gressive glomerulonephritis.

Monitoring IgG4 anti-GBM titers

In case a blood test is used to monitor disease activity, it is
crucial that the inter-assay variation is low. Three

Table 1: Anti-GBM test results, using different isotype-specific conjugates.
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independent measurements of three different samples
showed that the inter-assay variation was well below 15 %
for IgG4 anti-GBM positive samples (Figure 2). Dramatic and
fast decrease of the circulating IgG4 anti-GBM antibodies
could be observed in all patients after start of treatment
(Figure 3). IgG4 anti-GBM levels of all three patients dropped
to values comparable to those observed in healthy controls.
With the adapted IgG4 anti-GBM test, therapy responses
could be monitored over time and IgG4 anti-GBM titers
normalized within two months (Figure 3, orange line in-
dicates the index patient).

Diagnostic challenge of detecting IgG4 anti-
GBM is not restricted to one commercial test

To investigate how other laboratories and other commer-
cially available anti-GBM methods perform on detecting
IgG4 anti-GBM, we included material from our index patient
in the Dutch ANCA/GBM-External Quality Assessment (EQA)
program. To obtain enough serum we pooled diagnostic
samples with material obtained during plasmapheresis.
Using our modified IgG4 anti-GBM assay we measured a

Sample IgG anti-GBM?,

IgG4 anti-GBM

IgA anti-GBM IgM anti-GBM

IU/mL (arbitrary units)° (arbitrary units)° (arbitrary units)*

Atypical anti-GBM pt 1° Negative 3,521 161 19
Atypical anti-GBM pt 2 Negative 537 259 24
Atypical anti-GBM pt 3 Negative 242 98 19
Classic anti-GBM pt 1 318 8,110 587 22
Classic anti-GBM pt 2 269 61,212 622 16
Classic anti-GBM pt 3 42 1,613 505 28
Classic anti-GBM pt 4 >680 898 263 38
Classic anti-GBM pt 5 215 591 269 16
Classic anti-GBM pt 6 84 92 192 16
Healthy control 1 Negative 75 132 10
Healthy control 2 Negative 52 205 17
Healthy control 3 Negative 81 n.t. n.t.
Healthy control 4 Negative 85 n.t. n.t.
Healthy control 5 Negative 71 134 23
Healthy control 6 Negative 72 226 23
Healthy control 7 Negative 437 383 26
Healthy control 8 Negative 268 275 31

Healthy control 9 Negative 141 478 27
Healthy control 10 Negative 365 272 30
Healthy control 11 Negative 295 532 26
Healthy control 12 Negative 78 282 38
Healthy control 13 Negative 152 491 25
Healthy control 14 Negative 51 832 28
Healthy control 15 Negative 60 436 29

Positive values are indicated in bold. *Regular anti-GBM, test (reference value <7 IU/mL). PReference value <530 a.u. Reference value <944 a.u. “Reference

value <46 a.u. *Index-patient described in this case report.
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Figure 2: Inter-assay variation of the [gG4 anti-GBM test. The inter-assay
variation was measured in triplo in three different samples (1 healthy
control sample (low) and 2 samples of patient 1 (medium and high)). The
cut-off reference value of 530 a.u. is calculated as the mean IgG4 anti-
GBM value (152 a.u.) plus three times the SD (126) of 15 healthy controls.
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Figure 3: Monitoring IgG4 anti-GBM titers using the modified IgG4 anti-
GBM test.

strong positive value 0f 1,679 a.u. in this pooled sample. None
of the 36 participants reported a positive test result in any of
the five different anti-GBM immunoassays that were per-
formed (Figure 4). Only one participant made use of the anti-
GBM Immunoblot from BMD and reported an equivocal
result. In practice this means that none of the Dutch labo-
ratories would be able to detect and monitor these high
IgG4 anti-GBM titers. This is surprising since in the product-
inserts of these anti-GBM tests it is claimed that all IgG-
subclasses of anti-GBM are detected. Apparently, the reac-
tivity of the anti-IgG conjugate for IgG4 antibodies is
extremely poor for all these different methods.
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Figure 4: EQA results of 36 participants of serum sample from patient
with atypical IgG4-mediated anti-GBM disease.

Broad polyclonal anti-GBM antibody
responses observed in classical anti-GBM
disease

Similar as to how the IgG4 anti-GBM test was modified, it is
also possible to detect anti-GBM antibodies of other isotypes.
For this the anti-IgG conjugate can be replaced by for
example anti-IgA or anti-IgM conjugate. Full anti-GBM
testing in three patients with atypical anti-GBM demon-
strated that indeed the antibodies were restricted to 1gG4
and negative for both IgA- and IgM anti-GBM (Table 1).
IgG4 anti-GBM antibodies were detected in five out of six
patients with classical anti-GBM disease, which stresses the
polyclonal nature of the IgG anti-GBM response. IgA and IgM
anti-GBM were not detected in our cohort of six patients with
classical anti-GBM disease.

The results in Table 1 stress that patients with classic
anti-GBM disease can still be serologically confirmed even
though the IgG4 anti-GBM antibodies are not detected using
routine diagnostics. Only patients who exclusively have
circulating IgG4 anti-GBM will test false-negative using
routine diagnostics.

Discussion

Anti-GBM blood tests underestimate IgG anti-GBM titers
or even report false-negative test results in patients with
atypical IgG4-mediated anti-GBM disease because con-
ventional assays do not detect IgG4 antibodies despite
the use of a pan anti-IgG conjugate. This complicates
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diagnosing and monitoring atypical 1gG4-mediated anti-
GBM disease, especially because both the clinical presen-
tation and pathological findings tend to be much more
heterogenous compared to classic anti-GBM disease. In this
manuscript we show that a modified IgG4 anti-GBM FEIA is
able to detect IgG4 anti-GBM antibodies aiding in the
diagnosis of patients with atypical anti-GBM disease who
have exclusively IgG4 anti-GBM antibodies. The adapted
method is semi-quantitative and therefore allows follow
up of therapy responses and early detection of disease
relapse. This is important, because literature suggests that
atypical anti-GBM disease has a higher frequency of dis-
ease relapse despite its milder and more indolent disease
course [7, 10].

The lack of conjugate reactivity with IgG4 antibodies in
routine anti-GBM assays is surprising since the product in-
serts of these assays do not mention that their pan anti-IgG
conjugates have a problem detecting specifically 1gG4 anti-
GBM. We suggest that the conjugates used in these assays
must either be adjusted in such a way that also the IgG4
antibodies are detected, or a disclaimer should be mentioned
in the product insert that the anti-IgG conjugates do not
detect IgG4 anti-GBM antibodies. Cui et al. previously
described that the functional affinity of IgG4 anti-GBM an-
tibodies, tested in an antigen-inhibition ELISA, are lower
compared to anti-GBM antibodies of other IgG subclasses
[12]. This can be explained by the unique functional features
of IgG4. Once secreted, IgG4 undergoes Fab-arm exchange
rendering it functionally monovalent which explains the
lower binding affinity to its target antigen [13]. Moreover,
IgG4 is largely unable to activate complement and antibody
dependent immune effector responses [14]. At the same time,
the presence of these IgG4 antibodies have been associated
with pathologies in IgG4 related disease [15] and several
autoimmune disorders such as pemphigus [16] and primary
membranous nephropathy [17]. Oskam et al. indeed showed
that IgG4-mediated tissue damage occurs and they describe
factors that influence IgG4-mediated complement activation
[18]. Overall, IgG4 antibodies are however accepted as more
‘tolerogenic’ which may explain why atypical IgG4 anti-GBM
is usually a milder and slower disease with less aggressive
pathologic features compared to classic anti-GBM
diseases [7].

Analysis of a serum sample with high titers of exclu-
sively IgG4 anti-GBM distributed in the Dutch EQA program
among 36 laboratories using a total of five different com-
mercial IgG anti-GBM tests, confirmed that none of these
tests detect IgG4 anti-GBM antibodies. This makes it chal-
lenging to diagnose atypical 1gG4 anti-GBM disease in a
timely manner. To prevent delays in diagnosing IgG4-
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mediated anti-GBM disease, laboratory specialists and cli-
nicians should be aware of false-negative test results in these
patients and realize that there is the possibility to detect
these IgG4 anti-GBM antibodies using a modified conjugate
for their anti-GBM assay.

A limitation of this study is that we did not calibrate our
modified IgG4 anti-GBM FEIA. The FEIA signal intensity can
therefore not be compared to the IU/mL in which the routine
IgG anti-GBM tests are reported. We provisionary set the
upper limit of normal cut-off by calculating the mean of 15
controls plus three times the standard deviation. This
resulted in a reference value of the IgG4 anti-GBM test of
<530 a.u., which would give rise to 99 % negative test results
in healthy controls when the signal intensities are normally
distributed. Indeed, descriptive statistics suggest no major
deviation from normality in these 15 controls. However, we
do realize that the cohort sizes in this report of both patients
and healthy controls are by far too small to calculate official
reference values, let alone for a quantitative calibration of
the modified test. Prior to diagnostic use it is crucial to
validate reliable cut-off values based on larger cohorts of
samples.

With similar adaptation of the conjugates in the anti-
GBM FEIA assay we were able to specifically test for IgA or
IgM anti-GBM antibodies. The three patients with atypical
anti-GBM reported in this case-series also did not have IgA
and IgM anti-GBM antibodies. We also tested our three
adapted anti-GBM FEIA tests on six diagnostic sample of
patients with classic anti-GBM disease and our data are in
line with previously reported data showing that the IgG
autoantibody profiles of patients with classic anti-GBM dis-
ease are truly polyclonal and include IgG4 [5].
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