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Abstract
Low levels of IgM auto-antibodies have been reported in health and disease. IgM anti-neutrophil cytoplasmic antibodies (ANCA)
have been reported in patients with ANCA-associated vasculitis (AAV).We sought to investigate if healthy individuals may have
IgM ANCA in their sera. The first aim of the study was to determine whether IgM ANCAwas present in healthy individuals and
in patients with ANCA-associated vasculitis. The second aim was to determine what happens to IgM ANCA levels over time.
The third aim was to determine whether bacterial infections affected IgM ANCA levels in non-AAV patients. Sera from healthy
individuals and patients with AAV were tested for IgM ANCA by immunofluorescence on fixed neutrophils, immunoprecipi-
tation, Western blot and ELISA. Peripheral blood mononuclear cells were isolated and tested by ELISpot for circulating IgM
ANCA B cells. To determine whether infection affected IgM ANCA levels, we studied non-AAV patients with bacterial
endocarditis or Staphylococcus aureus bacteraemia and measured IgM ANCA levels over time. IgM ANCA is detectable in
both healthy individuals and patients with AAVand the titres decreased with increasing age. Circulating IgMANCAB cells were
identified by ELISpot. In the presence of infection, we could not find a significant change in IgM ANCA levels. We report the
presence of low-level specific IgM ANCA in the sera of healthy individuals and in patients with ANCA-associated vasculitis.
Bacterial infection did not affect the level of IgM ANCA in this small study.
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Introduction

Anti-neutrophil cytoplasmic antibodies (ANCA)-associated
vasculitis (AAV) is a necrotising vasculitis predominantly af-
fecting small vessels. This disease is typically associated with
autoreactive IgG ANCA to either myeloperoxidase (MPO-
ANCA) associated with microscopic Polyangiitis (MPA) or
proteinase-3 (PR3-ANCA) most often in association with
Granulomatosis with Polyangiitis (GPA) [1]. In AAV, these
antibodies are most commonly IgG ANCA, but occasionally
IgA ANCA and IgM ANCA [2–8].

IgM ANCA has previously been described in association
with disease, particularly in patients with AAV and alveolar
haemorrhage [3, 5, 9]. The initial studies were descriptive
collections of case studies in patients with systemic vasculitis
and pulmonary haemorrhage [3, 5]. Investigators in the past
had speculated that IgM ANCA may be related to delayed
isotype switching to IgG ANCA [3, 5]. Most recently, Clain
et al. tested for IgM PR3-ANCA in patients from two major
AAV clinical trials [9]. They found that alveolar haemorrhage
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was nearly three times more frequent among those who tested
positive for IgM PR3-ANCA. They speculated that the asso-
ciation of pulmonary haemorrhage and IgM PR3-ANCA may
be linked by infection [9].

One of the most investigated associations between infec-
tion and AAV is with Staphylococcus aureus (S. aureus) [10].
There are reports of S. aureus infections including endocardi-
tis and the subsequent development of either IgG ANCA or
AAV [11, 12]. In patients with known AAV, different investi-
gators have shown higher rates of relapse in AAV patients
with chronic nasal carriage of S. aureus [13, 14, 28].
Furthermore, patients in remission were less likely to relapse
if they received sulfamethoxazole and trimethoprim [15].

Chronic infections are also associated with the transient
development of IgG ANCA including bacterial endocarditis
[16–22]. The vast majority of these cases did not develop
AAV disease [17, 19]. IgG ANCA has also been detected
following bacterial, viral, protozoal and fungal infections
[23–26]. The clinical significance of IgG ANCA in the pres-
ence of chronic or transient infection is uncertain in the ab-
sence of AAV. Indeed, low level and low affinity IgG ANCA
has been reported in healthy individuals [27–29]. From the
finding that IgG ANCA was present in healthy individuals,
Cui et al speculated that IgM and IgA ANCAwere also likely
to be present as part of the normal repertoire [27].

Self-reactive antibodies (natural autoantibodies) are present
in healthy individuals and perform an important role in the
innate immune system [30]. Furthermore, not all autoanti-
bodies are associated with disease [31, 32]. Natural autoanti-
bodies (NAA) are present in healthy individuals [33, 34]; they
are generally IgM immunoglobulins encoded by germline
genes and display poly-reactivity but low affinity towards a
wide range of self-antigens [33].

Given this context, the first aim of this study was to deter-
minewhether IgMANCA to PR3 andMPOwas present in the
sera of healthy individuals and in patients with AAV in remis-
sion. The second aim was to determine what happens to IgM
ANCA levels over time. The third aim was to determine
whether bacterial infections affected IgM ANCA levels in
non-AAV patients.

Materials and methods

AAV patients and healthy individuals recruited
to study IgM ANCA

Adult healthy control individuals and AAV patients over
35 years of age were recruited to study IgM ANCA in human
sera. Control individuals were excluded from recruitment if
they had an autoimmune disease or were taking immunosup-
pressive medications. All AAV patients were required to be in
complete remission as defined by the absence of clinical

disease activity for at least 6 months prior to recruitment.
Patients were eligible for recruitment if they were receiving
maintenance immunosuppressive therapy. The AAV patients
were divided by their IgG ANCA serotype into PR3-ANCA
or MPO-ANCA. All participants had blood taken at baseline
and the sera was stored at − 80 °C. Some healthy individuals
had donated blood 12 years apart, and we made use of these
stored sera for a longitudinal study of IgM ANCA.

Non-AAV patients with endocarditis and/or S. aureus
bacteraemia

For the third part of our study, we recruited adult non-AAV
patients admitted to hospital with S. aureus bacteraemia to
study the effect of infection on IgM ANCA levels. Patients
were eligible to enter the study if they fulfilled the modified
Duke’s criteria for endocarditis [35]. We also recruited adult
control individuals. Control individuals were excluded from
recruitment if they had an autoimmune disease, were taking
immunosuppressive medications or had evidence of an active
infection. After consent was obtained, serum samples were
collected at baseline and day 28 and stored at − 80 °C.

This study complies with the Declaration of Helsinki. Both
the University of Adelaide and University of Tasmania ethics
committees provided approval. All patients gave informed
consent before enrolment and blood collection.

Enzyme-linked immunosorbent assay (ELISA)

The total serum IgM concentration of each sample was mea-
sured in duplicate by ELISA (Bethyl Laboratory). To reduce
inter-individual variability, all serum samples were diluted to
20 μg/ml of total IgM using the Organtec ANCA kit sample
diluent prior to testing for IgM ANCA. IgM and IgG to PR3
and MPO were measured using anti-MPO and anti-PR3
ELISA kits, respectively (Orgentec Diagnostika). To measure
IgM ANCA (IgM PR3 and IgMMPO), the method was mod-
ified by using anti-human IgM antibodies specific for the Fc
portion of the human IgM heavy chain labelled with horserad-
ish peroxidase (Organtec Diagnostika). To exclude interfer-
ence from endogenous myeloperoxidase, we compared sec-
ondary antibodies conjugated to either horseradish peroxidase
or alkaline phosphatase. All ELISA plates were read at
640 nm for Quanti Blue (Invivogen) or 450 nm for TMB
(Sigma). To avoid any false positive IgM ANCA results due
to the presence of IgM rheumatoid factor, all serum samples
were tested for the presence of IgM rheumatoid factor by
nephelometry, and any positive sample was excluded from
further testing. In order to compare OD values across the
plates, the samples were run simultaneously with a positive
and negative control on each ELISA plate.

For IgM PR3-ANCA and IgM MPO-ANCA, we defined
the cut-off level as mean IgM ANCA OD value ± 1 standard
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deviation of the normal distribution found in healthy individ-
uals. For the purposes of this report, levels above this cut-off
were considered high and those below this cut-off were con-
sidered low.

Immunofluorescence and confocal microscopy
of stained human neutrophils

Sera from five patients with PR3-AAV, five patients with
MPO-AAV and ten healthy participants with known high
levels of IgM PR3-ANCA or IgM MPO-ANCA as deter-
mined by ELISA were used to stain for neutrophil immuno-
fluorescence (INOVA Diagnostics). Ethanol-fixed neutrophil
slides (Immuno Concept) were incubated with serum diluted
1:50 for 1 h at room temperature in a humid chamber. The
slides were washed 3 times in Tris-HCL buffer for 10 min
each time. Secondary antibody anti-human IgM or IgG con-
jugated to Alexa 488 (Molecular Probes) was added for fur-
ther 30 min and washed as above and prepared with mounting
media (10% glycerol in PBS). Fluorescent cell staining was
analysed using a Nikon fluorescent microscope.

Pre-absorption IgM MPO-ANCA

The pre-absorption studies were performed on the combined
sera of healthy individuals (n = 10) that had previously tested
high to either IgM MPO-ANCA or IgM PR3-ANCA by
ELISA. One hundred microlitres of diluted (1:50) pooled se-
rum was pre-incubated with 5 μg of either purifiedMPO, PR3
(both from Athens Research) or human serum albumin (CSL)
for 30min at room temperature, then centrifuged 20 × 103g for
10 min. These pre-treated sera were then tested by ELISA for
IgM ANCA in four replicates.

Immunoprecipitation and Western blot

IgM ANCA immunoprecipitation was performed using anti-
human IgM agarose beads (Sigma) to capture human IgM
followed by incubation with ANCA antigens and immuno-
blotting. Fifty microlitres of the bead suspension was mixed
with 300 μl of sera. Beads were incubated for 60 min at 4 °C.
Beads were washed three times with 50 mM Tris-buffered
saline (TBS) pH 7.4 prior to incubation with either 2 μg of
MPO protein (Merck), 2 μg of PR3 protein (Wieslab), lysate
of 10 × 106 neutrophils or lysate of 10 × 106 Jurkat cells. The
mixture was incubated at 4 °C for 60 min. Beads were washed
again in TBS. Twenty microlitres of SDS sample buffer with
0.25% 2-mercaptoethanol was added to the beads. Samples
were heated at 70 °C for 10 min and proteins were separated
by 12% SDS-PAGE. Proteins were transferred onto a PVDF
membrane and blocked with PBS containing 2% skim milk
and 0.02% Tween20 for 30 min. Membranes were probed
with either anti-MPO rabbit polyclonal antibody diluted

1:1000 (Agilent) for 1 h, or anti-PR3 rabbit polyclonal anti-
body diluted 1:100 (kindly provided by Dr. Wieslander) over-
night at 4 °C. Membranes were probed with mouse anti-rabbit
antibody conjugated to alkaline phosphatase diluted 1:1000
(Rockland Immunochemicals). Themembrane was developed
with ECF luminescence substrate (Amersham Biosciences)
and read in a fluorescence scanner (Typhoon™ 9410). To
exclude non-specific interactions with cationic ANCA anti-
gens, agarose anti-IgM beads were pre-treated with highly
cationic poly-L-lysine prior to immunoprecipitation.

Peripheral bloodmononuclear cell (PBMC) separation,
culture and IgM enzyme-linked ImmunoSpot
(ELISpot)

Buffy coats were obtained from ten healthy blood donors.
PBMC separation from the buffy coat was performed by den-
sity gradient over Lymphoprep™ (Axis-Shield). After wash-
ing, cells were resuspended in culture media (RPMI 1640
supplemented with 10% foetal calf serum, 2 mML-glutamine,
100 U/ml penicillin, 100 μg/ml gentamicin to a final concen-
tration of 1 × 106 cells/ml). Once the PBMCs were suspended
inmedia, B cells were then isolated by positive selection using
anti-CD19 paramagnetic beads (Miltenyi Biotec). Isolated B
cells were mixed with an equivalent number of cells from the
B cell-depleted fraction of PBMCs. Cells were washed in
complete media, adjusted to 2 × 106 cells/ml and cultured in
the presence of CpGB 3.2 μg/ml (Geneworks) and IL-2 for
96 h at 37 °C in 5%CO2. In our previous work, we had shown
that CpGB stimulated IgG ANCA production in patients with
AAV [36]. A day before harvesting the cells, MultiScreen
HTS 96-well plates (Merck) were activated with 15 μl of
70% methanol for 2 min and washed three times with
endotoxin-free PBS. The wells were coated overnight with
100 μl of either polymorphonuclear or Jurkat cell lysates nor-
malised to 20 μg/ml of protein or goat anti human IgM
(Jackson ImmunoResearch) diluted 1:100 in carbonate/
bicarbonate buffer, 0.15 M, pH 9.6.

In a separate experiment, plates were coated with of tetanus
toxoid (TT) or 10 μg/ml of either PR3, MPO purified protein
(Athens Research). The plates were washed and blocked with
100 μl of complete media and incubated for 90 min at 37 °C.
Meanwhile, purified B cells from buffy coats were collected,
washed four times in complete media and adjusted to a final
cell density of 4 × 106 cells/ml and cultured with CpGB
(Geneworks) for 7 days. One hundred microlitres per well of
cells was placed in 96-well filter plates in triplicate and cul-
tured for 18 h. Plates were washed with PBS, followed by
PBS containing 0.05% Tween-20. Wells were incubated with
100 μl/well of goat anti-human IgM or IgG biotin conjugate
(Jackson ImmunoResearch), diluted 1:5000 at room tempera-
ture for 2 h. Wells were washed, and 100 μl/well of alkaline
phospha t a s e - con juga t ed s t r ep t av id in ( J a ck son
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ImmunoResearch) diluted 1:5000 was added and incubated
for 2 h. Plates were washed and developed by adding
100 μl/well of BCIP/NBT Plus (Mabtech). The reaction was
stopped at 8 min by rinsing the plate with running water. The
wells were passed through an AID plate reader to determine
the numbers of peripheral IgM and IgG ANCA positive B
cells present (Autoimmun Diagnostika).

Inhibition of MPO peroxidase activity by serum

High through-put 384 wells (Sigma) were coated with 10 μg
of purified human myeloperoxidase MPO protein (Athens
Research) in carbonate/bicarbonate buffer, 0.15 M, pH 9.6,
25 μl per well and incubated over night at 4 °C. Plates were
then washed twice with PBS containing 0.02% Tween 20,
100 μl per well, and blocked with PBS containing 1% human
albumin (CSL), 30 μl per well for 30 min. Wells were washed
3× as above before adding 25 μl per well of the test serum,
diluted 1:10 in PBS. Plates were incubated for 2 h at room
temperature, washed 3× as above. Peroxidase activity was
measured by adding 20 μl of TMB substrate and incubated
for 1 h at 37 °C followed by adding 20 μl of 1 M phosphoric
acid and read at 450 nm.

Statistical analysis

Statistical data analysis was carried out using Stata Software
version 15.0. Student’s t tests and Chi-squared tests were used
for all demographic comparisons. Scatterplots were used to
compare each type of ANCA in the patient groups and healthy
controls. Linear regression was used to estimate the difference
in mean ANCA levels between each group, adjusted for age.
Pearson’s correlation coefficient was used to determine
whether there was a relationship between IgM MPO-ANCA,
IgM PR3-ANCA and the corresponding IgG ANCA antigens.
To compare IgM B cell numbers to different antigens in the
ELISpot, we used a Wilcoxon matched-pairs signed-rank test.

To compare results in the infection groups, t tests were used
to compare the mean ANCA levels. Multi-level-mixed-effects
linear regression models with random intercepts and random
slopes for individuals were used to estimate the mean changes
in ANCA levels over time in each group, with time modelled
as a continuous covariate (days since baseline) in the infection
cohort. The mean changes over time for each group were
calculated as the average daily change over time. For all sta-
tistical analyses, a p value of < 0.05 was considered
significant.

Results

Demographics of the AAV patients and control
individuals recruited to study IgM ANCA

The study recruited 45 healthy control individuals and 41
patients with AAV. There was no significant difference be-
tween the mean age of the AAV patients and the healthy indi-
viduals (p = 0.25) in this cohort. There were no significant
differences in any of the other demographic variables
(Table 1).

IgM ANCA is detectable in both healthy control
individuals and in AAV patients

We were able to detect IgM ANCA to both MPO and PR3 in
control individuals and in AAV patients who were in remis-
sion by ELISA (Fig. 1a and b). Healthy control individuals,
PR3-AAV and MPO-AAV patients all showed detectable
levels of IgM PR3-ANCA and IgM MPO-ANCA. There
was no significant difference in the IgM PR3-ANCA titres
between control individuals and PR3-AAV patients (p =
0.38) and MPO-AAV patients (p = 0.57). Similarly, there
was no significant difference in the IgM MPO-ANCA titres
between control individuals and MPO-AAV patients (p =
0.11) and PR3-AAV patients (p = 0.25). We found a

Table 1 Demographic details of
the individuals studied to
determine the presence of
circulating IgM ANCA

AAV patients (n = 41) Healthy individuals (n = 45)

Gender (male/female, %male) 23/18 (56%) 27/18 (60%)

Age median in years (range) 66.7 (36–36) 60.64 (36–37)

GPA/MPA (%GPA) 27/14 (66%) N/A

Disease muration median in years (range) 4 (1–20) N/A

VDI median (range) 3 (0–14) N/A

Type 2 diabetes mellitus Yes/no (% yes) 6/35 (15%) 3/42 (7%)

Current number of immunosuppressive 1–3 (0–3) N/A

drugs mean (range).

There was no significant difference in age or gender between the two groups studied

VDI Vasculitis Damage Index [53]
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significant relationship between increasing age and declining
IgM ANCA level for both IgM PR3-ANCA (p = 0.001) and
IgM MPO-ANCA (p = 0.001) among the populations studied
(Fig. 1c).

There was no statistically significant correlation between
IgM MPO-ANCA and IgG MPO-ANCA in MPO-AAV pa-
tients (p = 0.72). There was no statistically significant correla-
tion between IgM PR3-ANCA and IgG PR3-ANCA in PR3-
AAV patients (p = 0.70).

Longitudinal cohort of healthy individuals
over 12 years

There were five healthy individuals whose sera had been col-
lected and stored in our laboratory on two different occasions
separated by 12 years apart. The group was too small to per-
form any statistical analysis. Descriptively, all participants’
IgM PR3-ANCA and IgM MPO-ANCA decreased over time
(Fig. 1d and e). There was a single individual in whom the
IgM PR3-ANCA increased slightly over time. The mean IgM
PR3-ANCA decreased at an average rate of 0.008 OD/year
and the IgM MPO-ANCA decreased at an average of 0.007
OD/year.

Specificity of binding of IgM ANCA antibodies

To further investigate the specificity of IgM ANCA in healthy
individuals, a series of experiments was performed to probe
the binding of IgM ANCA antibodies. We found that healthy
individual’s and AAV patient’s sera contained IgM antibodies

that were capable of staining neutrophils by immunofluores-
cence by varying intensities (Fig. 2). Staining of ethanol-fixed
neutrophils showed the expected perinuclear staining for IgG
MPO-ANCA (Fig. 2a) and the cytoplasmic pattern for IgG
PR3-ANCA (Fig. 2c). In healthy controls, there is staining
by IgM ANCA (Fig. 2f and h) although the pattern is not as
well defined as that for IgG ANCA towards MPO and PR3.

Pre-absorption of serum with purified MPO reduced the
ELISA reactivity towards MPO by IgM MPO-ANCA but
did not affect the reactivity towards PR3 by IgM PR3-
ANCA (Fig. 3a). Conversely, pre-absorption with PR3 re-
duced the reactivity towards PR3 by IgM PR3-ANCA but
did not affect the reactivity towards MPO by IgM MPO-
ANCA (Fig. 3a).

We performed sequential immunoprecipitation followed by
immunoblotting to determine if serum IgM antibodies were
capable of binding their target antigens. Serum from a healthy
individual with high IgM MPO-ANCAwas able to immuno-
precipitate MPO when mixed with either myeloperoxidase
alone or polymorphonuclear cell lysate containing MPO, but
not Jurkat cell lysate which did not contain MPO (Fig. 3b).

To exclude non-specific binding of IgM towards MPO, we
coated anti-IgM beads with serum containing paraprotein
from two IgM myeloma patients. These sera failed to immu-
noprecipitate MPO despite high levels of total IgM (Fig. 3c
lanes 5 and 6). A weak band was evident in the healthy indi-
vidual with high IgM MPO-ANCA (Fig. 3c lane 1). Two
MPO-AAV patients, who had much higher IgM MPO-
ANCA by ELISA compared to healthy individuals,
immunoprecipitated much more MPO (Fig. 3c lanes 3 and

Fig. 1 IgM ANCA levels in
healthy individuals, PR3-AAV
patients and MPO-AAV patients.
The values for IgM to PR3-
ANCA and MPO-ANCA are
given in OD units. a, b. There was
no significant difference in IgM
ANCA levels in any of the groups
compared. c IgM-MPO ANCA
declined by 0.002 OD 450 nm per
year (p = 0.001) and IgM PR3-
ANCA decreased by 0.004 OD
450 nm per year (p = 0.001). d, e
Longitudinal data shown for each
individual (n = 5). Neg Control =
negative control OD value of
secondary conjugate only.
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4). Beads coated with sera from three healthy individuals who
had tested high for IgM PR3-ANCA on ELISA also
immunoprecipitated purified PR3 (Fig. 3d). Pre-treatment
with poly-L-lysine failed to completely abrogate serum IgM
binding to MPO and PR3, indicating that the binding of IgM
to MPO and PR3 could not have occurred entirely via non-
specific charge interaction (Fig. 3e).

Results from the ELISpot data showed that there were sig-
nificantly more B cells that were detectable by the plate reader
in association with polymorphonuclear lysate than compared
to Jurkat lysate (p = 0.05) (Fig. 3f). In order to detect low level

of ANCA reactive B cells, we stimulated PBMCs with CpGB
(TLR9 ligand) prior to the ELISpot assay. We could easily
detect circulating IgM-producing B cells with reactivity to-
wards MPO, PR3 and TT in healthy individuals. Of interest,
we also detected very low levels of IgG-producing B cells
with reactivity towards the same antigens (Suppl Fig. 1).

Serum inhibits the peroxidase activity of MPO

We wanted to explore the potential physiological function of
IgM ANCA. In this regard, we tested the peroxidase activity

Fig. 2 Immunofluoresence and
confocal microscopy of stained
human neutrophils.
Representative examples of
ethanol-fixed neutrophils stained
by serum from a MPO-AAV pa-
tient (a, b), a PR3-AAV patient (c,
d) and healthy individuals (e–h).
The presence of IgG-ANCA in a,
c or IgM-ANCA in b, d, f and h
was tested for by using either anti-
human IgG or IgM conjugated
with Alexa 488 (green)
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Fig. 3 ELISA, immunoprecipitation and ELISpot to determine whether
serum IgM-ANCA from healthy individuals is capable of binding neu-
trophil antigens specifically. a Prior to undergoing IgM ANCA ELISA,
pooled serum from healthy individuals (n = 10) with either high IgM
MPO-ANCA or high IgM PR3-ANCA was pre-absorbed with 5 μg of
either albumin (Alb), MPO or PR3. The results showed antigen-specific
absorption indicating antigen-specific binding of IgM ANCA. b Serum
from a healthy individual with high IgM MPO-ANCA by ELISA is
capable of immunoprecitipating MPO from PMN lysate and native
MPO protein (lanes 2 and 5) but not Jurkat cell lysate which lacks
MPO (lane 3). b Anti-IgM agarose beads were loaded with IgM from 2
healthy individuals (one with high level IgM MPO-ANCA in lane 1 and
one with low level IgM MPO-ANCA in lane 2), IgM from 2 MPO-AAV

patients (lanes 3 and 4) and IgM from two IgM-myeloma patients (lanes 5
and 6). Aweak band was evident in lane 1 from the individual with high
IgM MPO-ANCA. MPO-AAV patients in lanes 3 and 4, both of whom
had much higher IgM MPO-ANCA by ELISA compared to healthy in-
dividuals, immunoprecipitated much more MPO, IgM from IgM-
myeloma patients failed to immunoprecipitate MPO. d Similarly, beads
loaded with IgM from three different healthy individuals with high levels
of anti-PR3 IgM by ELISAwere able to immunoprecipitate purified PR3
protein. e Pre-treatment with poly-L-lysine (PLL) failed to completely
abrogate the capacity of serum to immunoprecipitate MPO or PR3 anti-
gens. f IgM ELISpot of PBMC from normal individuals demonstrate the
presence of higher number of circulating IgM-producing cells recogniz-
ing antigens in neutrophil lysate compared to Jurkat lysate (p = 0.05)
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of plate-bound MPO in the presence of serum containing
varying amount of IgM ANCA. We found that serum with
high level of IgM-ANCA had a greater inhibitory effect on
MPO peroxidase activity compared to serum with a low level
of IgM-ANCA (Suppl Fig. 2).

IgM ANCA infection cohort

Demographics of the non-AAV patients with endocarditis
and/or S. aureus bacteraemia

There were 27 non-AAV patients with bacterial infection eli-
gible to participate in this study. Of these 27 individuals, 19
gave informed consent, of whom ten had bacterial endocardi-
tis and nine had S. aureus bacteraemia. We obtained 11-paired
samples from these non-AAV patients at baseline and at
follow-up ranging between days 20 and 42. A total of six of
the non-AAV patients died and one patient with bacteraemia
withdrew consent.We also studied ten healthy individuals as a
comparison group. The causative organisms, type of infection
and demographic details of the non-AAV patients are listed in
Table 2.

IgM PR3 and IgM MPO in non-AAV patients with bacterial
infection

At baseline, there was no significant difference in either IgM
PR3-ANCA or IgM MPO-ANCA levels between the healthy
individuals, patients with bacteraemia or endocarditis (Fig. 4a
and b). We used a multi-level mixed-effects linear regression
model that showed that on average, there was a slight decrease
in IgM PR3-ANCA and IgMMPO-ANCA levels over time in

patients with either bacteraemia or endocarditis; however, this
was not statistically significant. When the groups with endo-
carditis and bacteraemia were combined as a group, there also
was no significant change in IgM PR3-ANCA or IgM MPO-
ANCA over the study period. There was also no mean change
in IgMANCA levels in healthy individuals over time. None of
the non-AAV patients with bacterial infection developed IgG
ANCA or AAV disease.

Discussion

In this study, we have demonstrated the presence of IgM
MPO-ANCA and IgM PR3-ANCA in control individuals
and in AAV patients in remission.We have shown by different
experimental methods that IgM MPO-ANCA and IgM PR3-
ANCA are antigen-specific. The level of IgM ANCA did not
change in association with bacterial infection.

The finding of IgM ANCA antibodies in control individ-
uals, as well as patients with AAV, is in keeping with animal
studies that have supported the possibility of IgM ANCA
being part of the normal repertoire. Vittecoq et al studied
IgM ANCA in two strains of lupus-prone mice [37]. They
found IgM polyclonal anti-MPO antibodies to be antigen-
specific in the sera of both mice strains. The authors speculat-
ed that this autoantibody population of IgM MPO-ANCA
emerged from natural autoantibodies in these murine popula-
tions [37].

The level of IgM PR3-ANCA and IgM MPO-ANCA de-
clined with age in all groups studied. Other studies in both
humans and animals have also shown a decline in IgM natural
autoantibodies with age as reported by Lacroix-Desmazes

Table 2 Demographic details of the individuals studied to investigate IgM ANCA in the presence of infection

Healthy individuals Bacteraemia Endocarditis

Number of individuals 10 9 10

Gender (male/female) 4M/6F 6M/3F 9M/1F

Mean age (years) [SD] 27.5 [13.9]* 66.2 [9.8]* 61.9 [18.4]

Day 1 samples 10 9 10

Number of day 28 samples (day range collected) 10 (day 28 all) 5 (day 28–37) 6 (day 20–42)

Death prior day 28 0 2 4

Lost to follow-up 0 1 0

Time from positive blood culture to baseline blood sample (mean) N/A 1–4 days (2.75) 1–8 days (3.3)

Isolated bacteria N/A S. aureus (n = 9) S. aureu s (n = 7)

S. Iugdenensis (n = 1)

E. faecalis (n = 2)

The mean age of the non-AAV patients was significantly greater than that of the healthy individuals *p = 0.05. The standard deviation [SD] of the ages is
recorded. All patients in the bacteraemia group had infection with S. aureus and seven patients in the endocarditis group. Other infectious organisms in
the endocarditis group included Staphylococcus lugdenensis (n = 1) (S. lugdenensis) and Enterococcus faecalis (E. faecalis) (n = 2)
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et al. [38]. This is in keeping with other studies that reported
that natural autoantibody levels decrease with age [38–40].

We found evidence of peripherally circulating IgM B
cells in healthy individuals that recognised MPO and PR3
antigens. This was consistent with our findings of specific
IgM MPO-ANCA and IgM PR3-ANCA as demonstrated
by ELISA. IgM ANCA may perform a regulatory function
to neutralise free ANCA antigens such as MPO in the cir-
culation released from apoptotic neutrophils. The ability of
IgM MPO-ANCA in healthy individuals to stain neutro-
phils, to inhibit the peroxidase function of MPO and to
immuno-precipitate MPO supports this possibility.

The removal of circulating MPO by IgM MPO-ANCA
could also be of major importance to prevent MPO-
derived oxidation and its deleterious consequences [41,
42]. van Leeuwen et al have shown in a mouse model
that passive immunisation with a natural IgM antibody
directed to HOCl-oxLDL could reduce atherosclerotic
plaque development [43]. For PR3, PR3-SERPINA1 sys-
tem is efficient at mopping up excess PR3, whereas free
MPO may be reliant on IgM-MPO ANCA to inactivate
the free enzyme [44, 45]. These possibilities regarding the
role of IgM MPO-ANCA warrant further investigation.

Several groups have reported IgM ANCA in patients
with active AAV [3, 9]. More recently, Clain et al
hypothesised that infection could have triggered the pro-
duction of IgM PR3-ANCA. Given the long-held suspicion
of infection acting as a trigger for production of ANCA,
and given our confirmation of IgM ANCA in healthy indi-
viduals, we specifically looked for changes in the level of
IgM ANCA in patients without AAV and with serious bac-
terial infections. We were unable to demonstrate any sig-
nificant change in IgM ANCA level in the presence of
bacterial endocarditis or S. aureus bacteraemia. Larger
studies are also needed to examine IgM ANCA and infec-
tion more comprehensively. Of interest, none of our non-

AAV patients with S. aureus endocarditis went on to de-
veloped IgG ANCA or AAV during the period of follow-
up. Future studies could compare the IgG ANCA in pa-
tients with endocarditis to those with AAV.

The physiological role of IgM ANCA is not known. We
note that the fall in IgM ANCA titre with age among healthy
individuals, as demonstrated by this study, coincides with the
onset of AAV among older individuals. We wonder whether
this fall in physiological levels of IgMANCAmay predispose
to AAV disease onset.

Several authors have proposed that IgM natural auto-
antibodies may have a role in maintaining immunological
homeostasis and prevent autoimmunity [32, 46–48].
However, the precise immunogenic relationship between
germline-encoded protective natural IgM and pathogenic
IgG in autoimmune pathogenesis is still poorly under-
stood [32]. Potentially, IgM ANCA in health and remis-
sion may play a role in the regulation of the pathogenic
IgG ANCA response. Jayne et al. proposed the impor-
tance of IgM in the regulation of IgG ANCA response
when studying the role of intravenous immunoglobulin
in the treatment of AAV [49]. Rossi et al. showed that
the sera of patients in remission from vasculitis contained
ANCA anti-idiotypic antibodies of IgG and IgM class
which inhibited the binding of ANCA (from acute sera)
to neutrophil antigens [50]. Potentially, IgM ANCA may
also inhibit the binding of IgG ANCA to neutrophil sur-
face antigens thereby preventing neutrophil activation and
the enzyme release cascade that can cause tissue damage.
Franssen et al. postulated that elevated IgG MPO-ANCA
may play a pathophysiologic role in the process of
glomerulosclerosis and progressive chronic kidney dis-
ease [51].

There are several limitations to our study. The study sample
size is small; however, it is an age-matched population and it
is representative of the AAV population. In relation to non-

Fig. 4 Study of serum IgM ANCA in the course of bacterial infection
IgM ANCA levels at day 1 and follow-up at days 20–42 in healthy
individuals and those with bacteraemia and endocarditis. a, b Themedian
values and range of ANCA levels in each of the three groups at baseline

and days 20–42 are shown in the box andwhiskers graph where the top of
the box represents the 75th percentile, the middle line the median value
and the lowest line the 25th percentile
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AAV patients with infection, the sample size was small and
our study may have been underpowered to detect a real
change in IgM ANCA levels with infection. For the infection
study, not all samples were adequately paired because several
patients had succumbed to their illness. In relation to the char-
acteristics of IgM ANCA, a shortcoming of our study is that
we did not examine the affinity and epitope specificity of these
antibodies in healthy individuals compared to AAV patients
and non-AAV patients with infections. Lastly, all the AAV
patients studied here had been in remission. It would be rele-
vant to also measure IgM-ANCA in patients with active AAV
disease.

IgM ANCA has been associated with pulmonary haem-
orrhage in patients with AAV. Cambridge and colleagues
reported that the variable region of the gene encoding
monoclonal IgM ANCA derived from a patient with AAV
had undergone antigen-driven response away from the
germ line sequence [52]. These reports suggest that in
some instance, IgM ANCA may be qualitatively different
to the IgM ANCA found in health. Therefore, it is impor-
tant to understand the regulation of IgM ANCA production
in health, and the factors that may be responsible for IgM
affinity maturation and possible class switching in disease.
Further investigations are needed to determine the origin,
avidity, binding affinity and epitope specificity of IgM
ANCA in both health and in disease.

Conclusions

We have confirmed that normal healthy individuals and pa-
tients with AAV in remission have antigen-specific IgM
ANCA. The IgM ANCA levels did not change following
bacterial infection, but does decline with age in all groups
studied. Further investigation is required to determine the role
of IgM ANCA in health and AAV.
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