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ABSTRACT
Objective. Anti-neutrophil cytoplasmic 
antibody (ANCA)-associated glomeru-
lonephritis (GN) is considered “pauci-
immune” with absent or mild glomeru-
lar tuft staining for immunoglobulin (Ig) 
and/or complement. However, it is not 
unusual to see some immune deposits 
(ID) within glomeruli on immunofluo-
rescence (IF). We determined to evalu-
ate the prevalence and clinical signifi-
cance of immune deposits in ANCA-as-
sociated GN.
Methods. We included all patients with 
ANCA associated vasculitis with renal 
biopsies between January 2002 and May 
2014: granulomatosis with polyangiitis, 
eosinophilic granulomatosis with poly-
angiitis, microscopic polyangiitis and 
renal limited vasculitis. Patients were 
divided into Group A: biopsy without ID 
(≤2+ intensity of immunostaining) and 
Group B: biopsy with ID (>2+ intensity 
of immunostaining). Serum creatinine, 
estimated glomerular filtration rate 
(eGFR) at time of the biopsy, amount 
of proteinuria and haematuria, require-
ment of dialysis and extra renal involve-
ment were recorded. 
Results. Fifty-three patients (75.4% 
females) were included. Mean age at 
biopsy was 66.3 years. Typical pau-
ci-immune GN was found in 39 pa-
tients (73.5%, group A). In 14 patients 
(26.4%, group B) examination revealed 
substantial deposition of Ig or comple-
ment in the mesangium and/or along 
the glomerular capillary wall. The 
only difference comparing both groups 
was significantly higher proteinuria in 
group B (mean 1.6/24 h (SD: 10.7) vs. 
0.8/24 h (SD: 7.6), p=0.0036).
Conclusion. In ANCA GN at least a 
quarter of patients were not “pauci-
immune” (26.4%). In this subgroup, 
immune deposits were only associated 
with a significantly higher proteinuria. 
Further basic and clinical research is 

needed to elucidate the significance of 
immune deposition in ANCA GN.

Introduction
In kidney glomerular diseases, based 
on immunofluorescence studies of renal 
biopsies, three patterns are found: a lin-
ear fluorescence pattern due to a direct 
antibody-mediated attack such as in 
anti-GBM disease (Type I). An immune 
complex-mediated pattern with granu-
lar deposits of Ig, such as in Henoch-
Schönlein purpura, cryoglobulinaemic 
vasculitis and systemic lupus erythe-
matosus nephritis (Type II), and the 
so-called ‘pauci-immune’ pattern that is 
strongly associated with the presence of 
ANCA (Type III) (1).
ANCA-associated vasculitis consist of 
four separate syndromes: granuloma-
tosis with polyangiitis (GPA), eosino-
philic granulomatosis with polyangii-
tis (EGPA), microscopic polyangiitis 
(MPA) and renal limited vasculitis 
(RLV) (1). Pauci-immune indicates the 
relative lack of immunoglobulin and 
complement deposition within the kid-
ney as demonstrated by indirect immu-
nofluorescence techniques. Because of 
this relative paucity of complement in 
vessels, complement was not initially 
envisioned as an important participant 
in the pathogenesis of ANCA vasculitis 
and ANCA GN. However, alternative 
complement pathway activation is now 
recognised as an important mediator in 
the induction of ANCA-induced acute 
vascular inflammation because of evi-
dence from experimental animal mod-
els, in vitro experiments, and clinical 
observations (2). A theoretical model 
about pathogenic mechanisms in AN-
CA-associated disease should be able 
to explain the development of the ob-
served pathologic changes in the tissue. 
Evidence from animal models of the 
involvement of alternative complement 
pathway activation in the pathogenesis 
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of ANCA-associated disease prompted 
studies to identify supportive evidence 
in human disease. Examination of glo-
merular and vascular inflammatory le-
sions in biopsy specimens from patients 
with ANCA-associated disease revealed 
markers of alternative complement 
pathway activation including factor B 
and properdin, as well as factors shared 
by the classical and alternative pathways 
including C3d and membrane attack 
complex, but absence of components of 
the classical and lectin pathways such as 
C4d and mannose-binding lectin (3).
The anaphylatoxin C5a has a strong 
proinflammatory activity. In relation to 
ANCA-induced neutrophil activation, 
C5a is able to prime neutrophils, result-
ing, in the expression of proteinase 3 
(PR3) on the neutrophil membrane (4).
The interaction between C5a and its re-
ceptor on neutrophils has, indeed, been 
shown to cause a significant amplifica-
tion loop for ANCA-induced neutrophil 
activation. C5a receptor appeared
to be essential for development of 
MPO-ANCA crescentic glomerulo-
nephritis in an animal model (5, 6). In 
ANCA glomerulonephritis, comple-
ment components and immunoglobulin 
are markedly accentuated at sites of in-
flammation and necrosis and less appar-
ent or absent in segments and glomeruli 
with no histopathologic changes. This 
absence or paucity of complement and 
immunoglobulin in vessels without in-
flammation, and the accentuation of 
staining at sites of inflammation and ne-
crosis, are consistent with a more inter-
dependent involvement of complement 
activation with induction of inflamma-
tion primarily in the microenvironment 
at localised sites of inflammation and 
necrosis in ANCA disease (3, 4).
In recent years, attention has been 
drawn in the clinical setting, to patients 
who fulfill the criteria for ANCA asso-
ciated vasculitis but without the classi-
cal pauciimmunity in renal biopsy. 
The aim of this study was to evaluate 
the prevalence and clinical significance 
of immune deposits in ANCA-associat-
ed pauci-immune GN.

Methods
Patients
We retrospectively included all patients 

diagnosed with GPA, EGPA, MPA and 
RLV according with the 2012 Chapel 
Hill Consensus (7) who underwent re-
nal biopsy between January 2002 and 
May 2014. Patients with anti-glomer-
ular basement membrane (anti-GBM) 
disease, post infectious glomerulone-
phritis, Henoch-Schonlein purpura or 
other underlying disease causing sec-
ondary vasculitis (such as systemic lu-
pus erythematosus, rheumatoid arthritis 
or drug induced vasculitis) were exclud-
ed. Patients were divided into 2 groups: 
Group A: biopsy without ID (equal or 
less than 2+ intensity of immunostain-
ing) and Group B: biopsy with ID (more 
than 2+ intensity of immunostaining). 
Immunofluorescence (IF) included Im-
munoglobulins (Ig) (IgG, IgA and IgM) 
and complement components (C3 and 
C1q). Serum creatinine, estimated glo-
merular filtration rate (eGFR) at time of 
the biopsy, amount of proteinuria and 
haematuria, dialysis requirement and 
extra renal involvement were recorded 
along with the treatment received. Re-
sponse to induction therapy was evalu-
ated at six months.

Renal biopsies
Renal biopsies were reviewed by light 
microscopy by one pathologist who 
was blinded to the clinical history. In-
direct immunofluorescence evaluation 
was based on the original pathology 
report and was not reviewed.
When IF was positive for Ig (IgA, IgM, 
IgG) or complement components (C1q 
or C3), the localisation within the glo-
merulus (mesangium or capillary wall) 
was determined. The intensity of im-
munostaining was scored as negative 
(0), weak (+1), weak-moderate (+2), 
moderate (+3) or strong (+4). Pauciim-
munity was defined by negative stain-
ing (0) or up to +2. 

Serology
All serum samples were tested for 
ANCA at the time of diagnosis before 
renal biopsy. 79% (42 out of 53 pa-
tients) were tested for anti-GBM anti-
bodies. Indirect immunofluorescence 
was used for ANCA C and P screen-
ing. Only patients diagnosed after 2009 
were tested for proteinase-3 (PR3) or 
myeloperoxidase (MPO) antibodies us-

ing enzyme-linked immunosorbent as-
say (ELISA). 

Statistical analysis
Statistical analyses were performed us-
ing STATA v. 10. Continuous variables 
are presented as mean ± SD, or median 
and IQRs where appropriate. Categori-
cal variables are presented as percent-
ages. Chi-square or Fisher’s exact test 
were used to determine significant dif-
ferences between categorical data, and 
t-test when normally distributed, and 
Mann-Whitney test when not, for con-
tinuous variables. Two-sided p-values 
<0.05 were considered statistically sig-
nificant.

Ethical approval
We received confirmation from our 
ethical committee that ethics approval 
was not required for this retrospective 
study.

Results
Fifty-three patients (75.4% females) 
were included. The mean age at the time 
of the biopsy was 66.3 (SD: 14.3). In 
terms of clinical diagnosis, 43% of pa-
tients were RLV, 28% GPA, 19% MPA 
and 10% EGPA. Regarding ANCA, 48 
out of 53 patients were positive by IIF 
(90.56%). 64.1% were P ANCA, 26.4% 
C ANCA and 9.4% ANCA negative. Of 
the 48 patients with positive ANCA by 
IIF, 34 of them (70.8%) were tested by 
ELISA, 24 (70.6%) were MPO ANCA 
and 10 (29.4%) were PR3 ANCA. 
Typical pauci-immune GN was found 
in 39 patients (73.5%, group A). In 14 
patients (26.4%, group B) histopatho-
logical examination revealed substan-
tial deposition of Ig or complement in 
the mesangium and/or along the glo-
merular capillary wall. ID deposition 
was more frequent in GPA and EGPA 
compared with MPA and RLV (Table 
I). C3 deposition on the capillary wall 
was the most frequent finding (64.2%), 
followed by C3 + IgG (21.4%) and IgG 
alone (14.2%), (Fig. 1). No patient pre-
sented positive staining for C1q. IgM 
and IgA were found only in two patients 
but along with C3. Over the 14 patients 
in group B, six were C ANCA, six were 
P ANCA and two were ANCA negative, 
of these two both of them were female 
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and had diagnosis of EGPA. Compared 
with patients in group A, those in group 
B demonstrated significantly more 24 h 
proteinuria (mean 1.6/24 h (SD: 10.7) 
vs. 0.8/24 h (SD: 7.6), p=0.0036). No 
differences between groups were found 
related to age, gender, renal function, 
extra renal organ involvement at the 
time of biopsy and response to the in-
duction therapy (Table I). 
Regarding induction therapy, 34 
(64.1%) patients received IV cyclo-
phosphamide (CYC), 11 (20.7%) oral 
CYC, 2 (3.7%) rituximab (RTX), 1 
(1.8%) mofetil mycophenolate (MMF), 
1 (1.8%) methotrexate (MTX) and 4 
(7.5%) received only steroids. Choices 
of treatment regimens were lived to 
the individual physician according to 
patient’s symptoms and comorbidi-

ties. Six patients underwent plasma 
exchange and eight patients required 
dialysis. 
Normal serum complement C3 and 
C4 levels were observed in 50 patients 
(94.33%), only 3 (5.6%) were found to 
have slightly low levels.

Discussion
Over the past decade, research trials in 
vasculitis led to a 2012 revision of the 
1994 Chapel Hill Consensus Confer-
ence (CHCC) nomenclature, focusing 
on aetiology, pathogenesis, pathology 
and clinical characteristics as the ba-
sis for categorisation. The 2012 CHCC 
nomenclature of vasculitis syndromes 
only provides definitions and the ACR 
criteria are classification criteria. Di-
agnostic criteria are defining features 

of a particular disease that can be used 
to predict the emergence of disease in 
a particular patient. ‘Gold-standard’ 
diagnostic criteria are generally based 
on expert opinion (7). None of these 
nomenclatures or classification criteria 
help to predict the histopathologic fea-
ture on renal involvement.
In the pathophysiology of renal glo-
merulonephritis, both the innate and the 
acquired immune system are involved. 
The initial acute vascular lesions of 
ANCA disease, including glomerulone-
phritis, begin with the influx of neutro-
phils and their accumulation, followed 
by monocytes and macrophages with 
the induction of vascular necrosis. De-
spite of the lack of immunoglobulin and 
complement in the injured glomeruli 
and vessels, both experimental results 
and observations in patients support a 
pathogenic role for both immunoglobu-
lin and complement in the mediation of 
this acute necrotising injury (8). 
Xing et al. described that immunohis-
tochemical examination of renal bi-
opsy specimens from ANCA disease 
patients revealed Bb, C3d, and C5b-9 
in glomeruli and in small arteries. This 
confirmed earlier findings reported by 
the same group in seven patients with 
MPO-ANCA GN that showed deposits 
of C5b-9, C3d, factor B and factor P 
in glomeruli and small blood vessels 
with active vasculitis. Mannose bind-
ing lectin (MBL) and C4d were not 
detected. These observations support a 
role for alternative complement path-
way activation but not classic or lectin 
pathways in the pathogenesis of ANCA 
induced inflammation (3).
Haas et al. demonstrated the presence 
of electron-dense deposits in 68 cases 
(54%) among 126 patients of GN as-
sociated with ANCA and/or necrotising 
angiitis (9). 
In a study of Clinical and pathological 
characteristics and outcomes of Chi-
nese patients with ANCA GN, renal bi-
opsy was performed in 74 patients with 
primary ANCA-associated systemic 
vasculitis, 23 cases (31%) possess im-
mune complex deposition, as assessed 
by immunofluorescence and/or elec-
tron microscopy (10).
Neumann et al. studied 45 patients with 
ANCA-associated crescentic glomeru-

Table I. Differences between the groups.

 GROUP A, n=39 GROUP B, n=14 p
 (less than 2+ intensity  (more than 2+ intensity
 of immunostaining) of immunostaining) 

Mean age (SD) 67.6 (15.4) 62.6 (10.1) 0.26
Females, n (%) 29 (72.5) 10 (76.2) 0.75

Diagnosis, n (%, CI)
      -      GPA 9 (60, 16.3-67.7) 6 (40, 32.3–83.7)
      -      GPAE 3 (60, 14.7-94.7) 2 (40, 5.3–85.5)
      -      MPA 9 (90, 55.5-99.7) 1 (10, 02–44.5)
      -      RLV 1 (78, 56.3-92.5)  5 (22, 7.5–43.7)
Mean baseline creatinine mg/dl, (SD) 3 (2.8) 3.4 (2.3) 0.69
Extra-renal involvement; n, (%) 19 (48.7) 7 (50) 0.93
Mean proteinuria g/24 h, (SD) 0.8 (7.6) 1.6 (10.7) 0.0036
Remission after induction treatment; n (%) 26 (74.2) 11 (68.7) 0.68

SD: standard deviation; CI: confidence interval .

Fig. 1. Distribution by type of deposits.
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lonephritis and heavy proteinuria and 
reported that eight patients (17.7%) 
showed renal Ig deposits on histologi-
cal examinations (11).
It has been reported that various forms 
of IC-related glomerulonephritis in  
ANCA-positive patients are more like-
ly to be associated with necrotising or 
crescentic lesions than in similar AN-
CA-negative patients with IC-related 
glomerulonephritis (12), and that pa-
tients with ANCA associated GN and 
IC deposits have heavier proteinuria 
than patients with classical pauci-im-
mune ANCA-associated GN (11).
In our study we found that immune 
deposition can be detected in 26% of 
patients, representing a considerable 
subset arguing against pauci-immune 
GN as the only pathogenetically rel-
evant feature in patients with ANCA-
associated GN. Our data are also in 
agreement with other reports, describ-
ing immune deposits in renal biopsies 
of patients with heavier proteinuria 
(11). We did not find correlation be-
tween C3 deposits in renal tissue and 
levels of C3 in peripheral blood. One 
possible explanation could be that there 
is not immune complex deposition, but 
rather expression of activation of the al-
ternative complement pathway, without 
real consumption of C3. 
There have been several studies exam-
ining patients with ANCA GN to deter-
mine the association between histology 
and clinical outcomes (1, 3, 5, 8-11). It 
is evident from these studies that there 
is a wide degree of variability in the 
histologic features found to be of prog-

nostic significance in ANCA GN. There 
is an urgent need to develop a classifi-
cation for ANCA glomerulonephritis 
with predictive value of the renal his-
topathological parameters and to assess 
the active and chronic lesions that can 
be universally used to unified criteria 
for treatment options either in induction 
therapy and maintenance (13).

Conclusions
Our results confirm that in ANCA GN a 
substantial percentage of patients have 
evidence of C3 or Ig deposition in re-
nal biopsies (26.4%). The prevalence 
of C3 deposition could be related with 
the alternative pathway activation, de-
scribed as an important mechanism in 
the pathogenesis of ANCA vasculitis. 
In this subgroup, ID was associated 
with a significantly greater degree of 
proteinuria. This article provides the 
first report about the presence of ID in 
ANCA GN in Latin American patients. 
Further research is needed to elucidate 
the significance of IC deposition in 
ANCA GN.
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