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Abstract Anti-neutrophil cytoplasmic antibodies (ANCA)
play an important role in the pathogenesis of ANCA-
associated vasculitis. The lack of ANCA antibodies may indi-
cate a variation in clinical presentation and outcomes of this
disease. We identified 74 adult patients between 1995 and
2009 with the diagnosis of pauci-immune glomerulonephritis.
Demographics, histological features, and treatment outcomes
were compared between ANCA-positive and ANCA-negative
patients. These factors were correlated with renal function at
presentation and follow-up. Of the 74 patients, 57 were
ANCA-positive, and 17 were ANCA-negative. Demo-
graphics and mean Birmingham Vasculitis Activity Score
were similar between ANCA-negative and ANCA-positive
patients at presentation. Renal function was significantly
worse at presentation in the ANCA-negative patients (eGFR
16.59 vs. 31.89 ml/min/1.73 m2, p=0.03). Patients in the
ANCA-negative group had a significantly higher interstitial
fibrosis score compared to the ANCA-positive group (2.1
vs.1.6, p=0.04). The median time to remission was shorter
in the ANCA-negative patients (51 vs. 78 days, p=0.01).
Long-term renal function and 1-year patient and renal survival

were similar between ANCA-negative and ANCA-positive
patients. Baseline eGFR, percentage of normal glomeruli, glo-
merular sclerosis, and tubulointerstitial scarring predicted
eGFR at 1 year in both groups similarly. This is the first his-
torical review of American patients with pauci-immune glo-
merulonephritis, comparing patients with ANCA-negative
and ANCA-positive serology. Although ANCA-negative pa-
tients present with lower eGFR and more interstitial fibrosis,
1-year and long-term outcomes in both groups are similar.
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Introduction

Pauci-immune glomerulonephritis (GN), secondary to granu-
lomatosis with polyangiitis (GPA), microscopic polyangiitis
(MPA), and renal limited vasculitis (RLV) account for 80% of
rapidly progressive glomerulonephritis and result in signifi-
cant morbidity and mortality. Renal involvement is character-
ized by focal necrotizing and crescentic glomerulonephritis on
light microscopy with minimal immunoglobulin staining on
immunofluorescence [1–3].

The presence of anti-neutrophil cytoplasmic antibodies
(ANCA) has been associated with small-vessel vasculitis. In
addition to being a serologic marker, ANCA plays a patho-
genic role in both in vitro and in vivo models [4]. However,
10–20 % of patients with pauci-immune GN do not have
circulating ANCA. Given the small proportion of patients
with ANCA-negative pauci-immune GN, few studies describe
this group’s clinical and pathologic features.

Cohorts in the UK, China, Taiwan, and France have been
studied, but data on American patients is limited [5–8]. The
purpose of this study is to further characterize patients with
ANCA-negative vasculitis and pauci-immune GN based on
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our experience at the Johns Hopkins Bayview Vasculitis Cen-
ter and compare the clinical characteristics, histologic find-
ings, and treatment outcomes to those with ANCA-positive
vasculitis.

Material and methods

Study population

The study population included adult patients with biopsy-
proven pauci-immune crescentic glomerulonephritis from
1995 to 2009. BPauci-immune^ was defined as the intensity
of glomerular immunoglobulin staining by direct immunoflu-
orescence assay in renal sections as negative to 1+, from a
staining scale of 0 to 4+. All patients had ANCA serologies
measured. Patients were classified as GPA or MPA per the
Chapel Hill Consensus Conference definitions [9]. Patients
were followed until ESRD, transplant, transfer to another fa-
cility, end of the study period, or death. The study protocol
was approved by the Institutional ReviewBoard and respected
Human and Animal Rights.

Data acquisition

Clinical data

Data regarding patient demographics at the time of diagnosis,
new versus established diagnosis, Birmingham Vasculitis Ac-
tivity Score/Wegener’s granulomatosis (BVAS/WG) at the
time of diagnosis calculated by review of the medical record
at the time of presentation, time to remission, occurrence of
disease relapse, need for renal replacement therapy at the time
of diagnosis and at last follow-up, details of induction and
maintenance immunosuppression, and major adverse events
were collected [10]. Remission was defined as the first med-
ical record entry where the patient had a BVAS/WG score of
0, without symptoms for the preceding 30 days. Relapse was
defined by a BVAS/WG score greater than 1.

Laboratory data

Serum creatinine at the time of diagnosis, 6, 12, and 24months
were recorded. Renal function was measured using the CKD-
EPI formula [11]. When available, 24-h quantification of pro-
teinuria or urine protein to creatinine ratio was documented.
Erythrocyte sedimentation rate (ESR, upper limit of normal
30 mm/h), C-reactive protein level, titers of c-ANCA, p-
ANCA, anti-PR3 ELISA, and anti-MPO ELISA at the time
of diagnosis were recorded. Results of testing for ANA, serum
complements, and anti-GBM antibody when available were
recorded. ANCA testing was done by standard indirect immu-
nofluorescence assay on ethanol-fixed neutrophils. A 1:10

dilution is used by our immunology lab. Anti-PR3 and MPO
testing was done by direct ELISAwith commercially available
kits. An ANCA titer of less than 10 was considered to be
negative for both c-ANCA and p-ANCA. Anti- PR3 and
MPO levels of less than 10 units were deemed negative. In
15 of 17 patients, the ANCAwas confirmed to be persistently
negative.

Histologic data

Paraffin-embedded biopsies were stained with hematoxylin
and eosin (H&E), trichrome, silver, and Periodic acid-Schiff
(PAS). Immunofluorescence (IF) and electron microscopy
(EM) were performed on all patient samples included within
the study. The classic direct IF technique using antibodies
against IgA, IgG, IgM, C3, C1q, fibrin, albumin, and kappa
and lambda light chains was employed. The staining intensity
of each antibody was scored on a scale of 0 to 4+. If the
staining intensity was less than 1+, the diagnosis of pauci-
immune GN was confirmed. All biopsies were reviewed by
one blinded pathologist, and renal lesions representative of
disease activity and chronicity were scored using a standard-
ized protocol for ANCA-associated systemic vasculitis as re-
ported elsewhere [12]. Each glomerulus was scored separately
for the presence or absence of fibrinoid necrosis, crescents
(cellular-segmental, cellular-circumferential, or fibrous), and
global sclerosis. The fraction of glomeruli revealing these le-
sions was expressed as the percentage of the total number of
glomeruli in the biopsy. The percentage of normal glomeruli
was scored as well. Interstitial and tubular lesions were scored
semi-quantitatively based on the percentage of the
tubulointerstitium that was affected such as: interstitial infil-
trates (0 %; 1 to 20 %; 21 to 50 %; and >50 %), interstitial
fibrosis (0 %; 1 to 50 %; and >50 %), and tubular atrophy
(0 %; 1 to 50 %; and >50 %). Arteries and arterioles were
evaluated for the presence of vasculitis, arterial hyalinosis,
or sclerosis.

Statistical analyses

All groups were stratified based on ANCA positivity and, if
positive, further defined by cytoplasmic versus peri-nuclear
staining patterns. To compare differences between two
groups, appropriate statistical tests were conducted consider-
ing the normality and distribution of data. For continuous
variables, means and standard deviations were calculated,
and a t test was conducted for normally distributed data. For
data with a skewed distribution, median and interquartile
ranges were calculated and a non-parametric test (two sample
Wilcoxon rank-sum test or Mann-Whitney test) was conduct-
ed. For categorical variables, Pearson’s Chi-square test and
Fisher’s exact test were conducted given the distribution of
data in each cell. Linear regression analysis was conducted,
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and regression coefficients were assessed to ascertain the re-
lationships between continuous outcome variables and contin-
uous independent variables of interest. To measure the differ-
ence in relationship between continuous outcome and contin-
uous independent variables of interest between the twoANCA
groups, we regressed the outcome variable on the interaction
between the ANCA group and the independent variable of
interest. Also, the proportion of the variance in the dependent
variable predicted from the independent variable was reported
by the coefficient of determination (R2). All data was analyzed
using Stata SE vs 10.1 college station Texas.

Results

Seventy-four patients with biopsy-proven pauci-immune glo-
merulonephritis and clinical follow-up were included in this
study. The demographics are listed in Tables 1 and 2. There
were no significant differences in median age at presentation,
gender, and race between groups. More ANCA-negative pa-
tients had a new diagnosis at the time of first kidney biopsy
compared to ANCA-positive patients (100 vs. 68 %, p<0.01).

All 74 patients underwent ANCA testing by both IF assay
and antigen-specific ELISA. Seventeen were ANCA-nega-
tive, and 57 were ANCA-positive (26 c-ANCA and anti-
PR3 positive, 31 p-ANCA and anti-MPO positive). Among
the ANCA-positive patients, 22 patients were classified as
MPA, and 35 were classified as GPA. Among the ANCA-
negative patients, five had renal limited vasculitis (presumably
MPA using a broader definition since this group is not specif-
ically recognized by the CHCC definitions), nine had MPA,
and three had GPA.

At the time of diagnosis, ANCA-negative patients had less
paranasal involvement (12 vs. 39 %, p=0.04) and lower
CKD-EPI eGFR (16.59 vs. 31.89 ml/min/1.73 m2, p=0.03)
than ANCA-positive patients. There was no difference in the
prevalence of pleurisy, nodules, or cavitary lesions or BVAS/
WG score between groups. There was also no significant dif-
ference in the percentage of patients requiring dialysis at pre-
sentation between groups (Table 3).

Histologically, ANCA-negative patients had a greater de-
gree of interstitial fibrosis thanANCA-positive patients (fibro-
sis score of 2.06 vs. 1.63, p=0.04). There were otherwise no
significant differences in the percentage of normal glomeruli,
sclerosed glomeruli, cellular crescents, or interstitial
inflammation.

With regard to treatment, 16 of the 17 ANCA-negative
patients were treated with immunosuppressive therapy, and
one patient did not receive any treatment for unclear reasons.
Three patients were treated with steroids only, and 13 were
treated with combination of cytotoxic therapy and steroids (10
with cyclophosphamide, 1 with mycophenolate mofetil, 1
with azathioprine, and 1 with rituximab). Among the 57

ANCA-positive patients, no patients were treated with ste-
roids alone, and 55 patients were treated with a combination
of steroids and cytotoxic therapy (45 with cyclophosphamide,
4 with mycophenolate mofetil, 3 with rituximab, 1 with meth-
otrexate, 1 with cyclosporine, 1 with intravenous immuno-
globulin). Two patients were not treated with immunosuppres-
sive therapy, of whom one patient was dialysis-dependent at
presentation and the other patient expired due to alveolar hem-
orrhage. There was a significant difference in the use of ste-
roids alone (p=0.01) and steroids with cytotoxic therapy (p=
0.02) between ANCA-negative and ANCA-positive patients.

Severe adverse events in the ANCA-negative patients in-
cluded one CMV infection, 2 episodes of pneumonia, 1 epi-
sode of gross hematuria, and 3 leukopenic events compared to
one loss of fertility, 1 episode of gross hematuria, 1 episode of
pneumonia, and 13 episodes of leukopenia among the ANCA-
positive patients. There were no differences in the incidence of
severe adverse events between ANCA-negative and ANCA-
positive patients.

Approximately 94 % of ANCA-negative and 96 % of
ANCA-positive patients achieved remission. Median time to
remission was significantly less in the ANCA-negative group
vs. the ANCA-positive group (51 vs. 78 days, p=0.01), but
there were no differences in the number of relapses or time to
first relapse between groups (Table 3).

The mean CKD-EPI eGFR at 6, 12, and 24 months was
similar between groups (Table 3). The CKD-EPI eGFR at
1 year correlated with baseline CKD-EPI eGFR (regression
coefficient 0.88, R2=0.32) and percentage normal glomeruli
(regression coefficient 0.31, R2=0.36) in both groups. How-
ever, the association between CKD-EPI eGFR at 1 year and
baseline CKD-EPI eGFR was not significantly different be-
tween ANCA-negative and ANCA-positive groups (p=0.77,
Fig. 1). There was a borderline significant difference in asso-
ciation between CKD-EPI eGFR at 1 year and percentage of
glomeruli when comparing ANCA-negative and ANCA-
positive groups (p=0.05, Fig. 2). Additionally, the degree of
tubulointerstitial scarring was inversely associated with the
CKD-EPI eGFR in both groups (regression coefficient
−0.58, R2=0.07).

Seven (41 %) of the ANCA-negative patients compared to
18 (32 %) of the ANCA-positive patients developed ESRD.
Of these, two ANCA-negative patients and four ANCA-
positive patients underwent renal transplant. Post transplant,
none of the ANCA-negative patients relapsed, but two of the
ANCA-positive patients experienced relapses (1 extra-renal
and 1 with renal/extra-renal involvement) due to non-
compliance with their anti-rejection medications. Two deaths
occurred in the ANCA-negative group and ANCA-positive
group, respectively, within the first year of diagnosis. One
death was due to cardiac arrest in both ANCA-negative and
ANCA-positive groups. The other death in the ANCA-
positive group was attributed to active vasculitis.
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Discussion

This is the first descriptive study of American patients with
ANCA-negative and ANCA-positive pauci-immune crescen-
tic glomerulonephritis where demographics, clinical and his-
tological features at presentation, treatment response, and pre-
dictors of renal outcome were compared. Twenty-three per-
cent of our patients with pauci-immune GN were ANCA-neg-
ative. ANCA-negative patients had less paranasal involve-
ment, a lower eGFR, and a higher degree of interstitial fibrosis
at presentation. Our study shows otherwise similar

demographics, presentation, and renal outcomes in patients
with ANCA-negative pauci-immune glomerulonephritis com-
pared to patients with ANCA-positive pauci-immune glomer-
ulonephritis. We also demonstrate that CKD-EPI eGFR at
1 year correlated with baseline CKD-EPI eGFR, percentage
normal glomeruli, and had a strong graded negative correla-
tion with percentage of tubulointerstitial scarring for both
groups.

The proportion of ANCA-negative patients in our cohort is
similar to what has been reported by Hedger et al., but it is less
than what was seen in studies by Chen et al. and Hung et al.

Table 1 Demographic and clinical characteristics

Characteristics Total ANCA −ve ANCA +ve p value
N=74 n=17 n=57

Age (median, IQR) 60 (21) 60 (20) 60 (20) 0.93

Sex (% female) 47.3 47.06 47.37 0.98

Race (% white) 78.38 76.47 78.95 1.00

Diagnosis (%, absolute value)

MPA 41.89 (31) 52.94 (9) 38.60 (22) 0.41

GPA 51.35 (38) 17.65 (3) 61.40 (35) 0

RLV 6.76 (5) 29.41 (5) 0 (0) 0

New disease (% yes) 75.68 100.00 68.42 0.01

Organ involvement (%)

Arthralgia 37.84 35.29 38.60 0.81

Scleritis 10.81 0 14.04 0.19

Paranasal sinus 32.43 11.76 38.60 0.04

Hearing loss 2.70 0 3.51 1.00

Pleural effusion 21.62 23.53 21.05 1.00

Nodules or cavities 25.68 23.53 26.32 1.00

Infiltrate 41.89 41.18 42.11 0.95

Respiratory failure 12.16 23.53 8.77 0.20

Hematuria 91.89 88.24 92.98 0.62

BVAS score (mean±sd) 8.20 (±4.23) 7.76 (±3.95) 8.33 (±4.34) 0.55

eGFR CKD-epi

Diagnosis (mean±sd) 28.38 (±26.14) 16.59 (±10.25) 31.89 (±28.39) 0.03

Hemodialysis requirement (%)
(before recovery)

31.08 47.06 26.32 0.11

Follow-up (median days, IQR) 1371.50 (2275) 752 (1508) 1758 (2068) 0.09

Table 2 Histology Activity
Score in ANCA-negative and
ANCA-positive patients

Characteristics Total ANCA −ve ANCA +ve p value
N=74 n=17 n=57

% Normal glomeruli (mean±sd) 33.57 (±25.70) 33.65 (±29.95) 33.54 (±24.59) 0.78

% Cellular crescents (mean±sd) 18.41 (±22.60) 17.35 (±24.14) 18.72 (±22.33) 0.96

Interstitial inflammation (mean±sd) 1.76 (±0.81) 1.53 (±0.62) 1.82 (±0.85) 0.17

% Glomerular sclerosis (mean±sd) 23.70 (±22.58) 23.35 (±24.36) 23.81 (±22.25) 0.80

Interstitial fibrosis mean (mean±sd) 1.73 (±0.76) 2.06 (±0.75) 1.63 (±0.75) 0.04
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[5–7]. The mean age of ANCA-negative patients at diagnosis
was also similar to patients described by Hedger et al., but
older than patients studied in the two Asian cohorts. These
differences may be related genetic or environmental factors.

Our patient population shared some clinical and serologic
findings as those in prior studies. ANCA-negative patients had
less sinus involvement compared to ANCA-positive patients,
and this was also seen in studies by Hedger et al. and Chen
et al. However, our cohort of ANCA-negative patients had
more respiratory failure compared to ANCA-positive patients
(but did not reach statistical significance) with similar rates of
pleurisy, pulmonary nodules, and cavitary lesions between the
two groups. This confirms that ANCA-negative disease is not
renal limited, and ANCA negativity may be related to a delay
in diagnosis leading to higher rates of respiratory failure at
presentation.

Histologically, our findings were dissimilar from those re-
ported by other studies. We found a higher percentage of nor-
mal glomeruli and lower percentage of cellular crescents in
ANCA-negative patients compared to ANCA-negative pa-
tients described by Chen, Hedger, and Eisenberger et al. [5,
6, 8]. This difference may explain why a smaller proportion of
ANCA-negative patients in our study required hemodialysis
at diagnosis compared to their Chinese and European coun-
terparts [5, 6]. The variation in histopathologic findings be-
tween studies may also reflect differing selection criteria for
renal biopsy, potential for sampling error within a biopsy, and
subjective judgment differences between pathologists describ-
ing biopsy findings.

Thirty percent of ANCA-positive patients had an
established diagnosis prior to first renal biopsy, as compared
to none of the ANCA-negative patients. This may be due to

Table 3 Outcomes of ANCA-positive vs. ANCA-negative GN

Characteristics Total ANCA −ve ANCA +ve p value
N=74 n=17 n=57

eGFR CKD-epi

6 months (mean±sd) 42.98 (±32.98) 46.27 (±35.27) 42.04 (±32.59) 0.75

12 months (mean±sd) 45.68 (±30.87) 48.07 (±36.16) 44.93 (±29.46) 0.99

24 months (mean±sd) 47.77 (±30.23) 58.78 (±34.50) 45.47 (±29.19) 0.27

% of patients who achieved remission 95.59 94.12 96.08 1.00

Days to remission (median, IQR) 70 (70) 51 (81.50) 78 (74) 0.02

Number of relapses (median, IQR) 1 (1) 2 (3) 1 (1) 0.41

% of patients with relapses 27.03 17.65 29.82 0.37

Time (days) to first relapse (median, IQR) 983.50 (1412.50) 757 (5044) 1210 (982) 0.96

ESRD at 12 months (%) 20.27 23.53 19.30 0.70

Death at 12 months (%) 2.70 0 3.50 0.43

P-value for slope difference = 0.77
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Fig. 1 Relationship between
glomerular filtration rate (GFR) at
diagnosis and at 12 months in
pauci-Immune
glomerulonephritis
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the more frequent sinus and ocular involvement seen in the c-
ANCA-positive patient group and may explain the relative
difficulty of establishing a diagnosis in patients with negative
serology.

ANCA-negative patients received significantly different
immunosuppressive therapies compared to ANCA-positive
patients. We postulate that this may be related to a higher
degree of tubulointerstitial scarring seen on initial biopsy sug-
gesting greater disease chronicity compared to ANCA-
positive patients. This may have resulted in less aggressive
treatment with cytotoxic therapy. Despite differences in treat-
ment, time to remission was shorter in the ANCA-negative
patients, but the proportion of patients achieving remission
in both groupswas similar. These disparities may be explained
by a different underlying pathophysiology in ANCA-negative
disease and suggests that patients with ANCA-negative serol-
ogies may require a unique treatment strategy compared to
ANCA-positive patients.

Previous studies in ANCA-positive vasculitis have shown
that age, serum creatinine at presentation, percentage of nor-
mal glomeruli, and extent of glomerulosclerosis are predictive
of renal function at 12 and 18 months [12–15]. In our cohort,
CKD-EPI eGFR at 1 year correlated with baseline CKD-EPI
eGFR in both groups. This is similar to the findings by
Eisenberger et al. who showed a positive correlation between
initial serum creatinine and renal outcome in ANCA-negative
patients [8]. In this study, CKD-EPI eGFR at 1 year in the
ANCA-negative patients correlated with percentage normal
glomeruli.

Long-term renal outcome was best predicted by percentage
of tubulointerstitial scarring, where more scarring correlated
with worse renal outcomes. This data is novel for ANCA-
negative patients, although well established for ANCA-

positive patients and patients with other glomerulonephritides
[12]. Other predictors, including baseline renal function, per-
centage glomerular sclerosis, and percentage normal glomer-
uli also showed a strong correlation with renal outcome at
1 year, but there were no differences between ANCA-
negative and ANCA-positive patients in this regard, which
was expected.

Rates of death and end-stage kidney disease were similar in
all groups and to the same magnitude as other groups [5, 6].
Long-term renal survival is poor, and mortality rates are high
irrespective of ANCA positivity.

Our study has limitations its historical nature and reliance
on clinical notes for data collection. Additionally, ANCA test-
ing was not standardized. Our study is limited by the small
patient numbers; we lack the statistical power to make solid
conclusions based on multivariate analysis. Given the rarity of
this condition, multi-center collaboration and centralized elec-
tronic medical record systems are required to pool the num-
bers necessary to make concrete implications. Despite these
limitations, our study is the first cohort of its size to describe
outcomes of ANCA-negative vs. ANCA-positive vasculitis
patients in the USA. Thus, our findings are likely more gen-
eralizable to patients in our country compared to other cohorts.
We report predictive factors for long-term renal outcomes and
remission data, novel for this disease.

It is unclear what the underlying etiologic autoimmune
agent is in ANCA-negative vasculitis. Antiendothelial cell
antibodies (AECA) have been detected in small-vessel vascu-
litis including GPA and MPA, and multiple mechanisms in-
cluding activation of endothelial cells, increased leukocyte
adhesion, and direct endothelial cell cytotoxicity have been
proposed with regard to their pathogenicity [16, 17]. Howev-
er, the correlation between the presence of AECA and disease

P-value for slope difference = 0.05
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Percent normal glomeruli at initial biopsy
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Fig. 2 Relationship between
percentage of normal glomeruli at
time of initial renal biopsy and
glomerular filtration rate (GFR) in
pauci-immune
glomerulonephritis
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activity has been inconsistent, and the specific targets of these
antibodies are unknown [17–19]. Sebastian et al. examined
the association between active GPA and the presence of
AECA and found that titers were not highly prevalent among
their cohort with GPA and did not correlate with degree of
disease activity [18]. In contrast, Gobel et al. found that higher
AECA titers were present in patients with active disease and
cite other studies with similar findings [19]. They also found
elevated AECA titers in patients with ANCA-negative GPA
with active disease. Although AECA have been detected in
GPA and MPA, it is possible that these antibodies may devel-
op secondarily in the setting of vasculitis and may not have a
substantive role in the underlying pathogenesis of either
ANCA-negative or ANCA-positive vasculitis.

Antibodies targeting lysosomal membrane protein 2
(LAMP-2) cause pauci-immune glomerulonephritis in rats
and activate neutrophils and endothelial cells in vitro [20].
Kain et al. detected LAMP-2 autoantibodies in most of their
patients diagnosed with pauci-immune focal necrotizing glo-
merulonephritis. Interestingly, these autoantibodies cross react
to a protein found on bacterial cell walls, suggesting that a
preceding infection with resultant molecular mimicry may
play a role in producing these potentially pathogenic antibod-
ies. In a subsequent study, 104 patients with ANCA-negative
serologies were tested for the presence of LAMP-2 autoanti-
bodies, and 28.8 % had detectable levels above background,
but titers were low and not statistically significantly different
than what was seen in their control group [21]. Despite these
conflicting reports, more recent evidence suggests a stronger
correlation between LAMP-2 antibodies and ANCA-negative
status in pauci-immune glomerulonephritis. The degree of
glycosylation of the LAMP-2 epitope in the study by Roth
et al. was higher than that used by Kain et al. and may have
resulted in these disparate results [22]. Therefore, the role of
LAMP-2 autoantibodies in the pathogenesis of pauci-immune
glomerulonephritis requires further investigation.

ANCA detection may be masked in patients with circulat-
ing fragments of ceruloplasmin, rendering patients ANCA
Bnegative.^ One study found that purified immunoglobulins
from ANCA-negative patients reacted with pathogenic MPO
antigens, but their sera did not. A fragment of ceruloplasmin
was found to bind to the pathogenic epitope of MPO which
reduced anti-MPO autoantibody detection by 30–50 % [23].
This and other circulating proteins may be responsible for
decreased recognition of ANCA.

Additional investigation is needed to delineate these dis-
ease processes. ANCA-negative vasculitis may represent a
variant of small-vessel vasculitis, and this could explain
the differences seen clinically and histopathologically at
presentation. Further understanding of the pathogenesis
of ANCA-negative vasculitis may aid in development of
promising treatments that decrease renal morbidity and
mortality.

Conclusion

In our historical review, ANCA-negative patients had less
paranasal sinus involvement, lower estimated eGFR, and
higher degrees of interstitial fibrosis at presentation compared
to ANCA-positive patients. Despite these differences, both
groups endured similar rates of ESRD at 1 year. Although
therapies varied, responses were comparable. ANCA likely
plays an important role in the pathogenesis of this disease.
The ANCA-negative serology in this group may represent
difficulties in detecting low levels of antibody with the cur-
rently available assays or might point to other antigen targets
leading to alternate antibody-mediated injury that are yet to be
elucidated.
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