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Abstract. In antineutrophil cytoplasmic autoantibody 
(ANCA)‑associated vasculitides (AAV), the two major target 
antigens of ANCA are proteinase  3  (PR3) and myeloper‑
oxidase (MPO). Evidence is accumulating that there are 
distinct differences between patients with PR3‑AAV and 
those with MPO‑AAV. In the present study, the clinicopatho‑
logical features and prognosis of patients with PR3‑AAV and 
MPO‑AAV from a single center in China were retrospectively 
analyzed. A total of 212 Chinese patients with AAV were 
recruited in the present study; 189/212 (89.15%) patients were 
classified as having MPO‑AAV and 23/212 (10.85%) patients 
as having PR3‑AAV. Compared with those in the PR3‑AAV 
group, patients in the MPO‑AAV group were older and less 
frequently had ear, nose and throat or ophthalmic involvement. 
MPO‑AAV patients had higher levels of serum creatinine and 
proteinuria at baseline. No significant difference was observed 
with regard to the pathological changes of the glomeruli and 
tubulointerstitium between the two groups. The probability of 
developing end‑stage renal disease was significantly higher in 
patients with MPO‑AAV compared with that in patients with 
PR3‑AAV. There was no significant difference in the one‑year 

patient survival rate between the two groups. However, differ‑
ences in certain clinical characteristics and outcomes were 
observed between MPO‑AAV and PR3‑AAV patients. A 
large national investigation of AAV is required to confirm the 
concept that PR3‑AAV and MPO‑AAV are distinct disease 
entities.

Introduction

Antineutrophil cytoplasmic autoantibody (ANCA)‑associated 
vasculitides (AAV) are characterized by necrotizing inflam‑
mation of small‑to‑medium‑sized vessels, resulting in a 
distinctly heterogeneous clinical manifestation  (1). The 
first formal criteria for the classification of vasculitis were 
published in 1990 by the American College of Rheumatology 
and did not include ANCA (2). According to the 2012 Chapel 
Hill Consensus Conference, AAV has been classified into 
three major types: Granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA) and eosinophilic GPA (3). A 
recent genome‑wide association study of AAV has suggested 
that MPO‑AAV and PR3‑AAV have distinct genetic causes, 
which supports the concept that MPO‑AAV and PR3‑AAV are 
distinct autoimmune syndromes (4).

Previous studies have indicated that the epidemiology, 
genetics, clinical manifestations and prognosis are different 
between MPO‑AAV and PR3‑AAV in European countries and 
that patients with PR3‑AAV have a higher likelihood of relapse 
than those with MPO‑AAV (5). Fussner et al (6) reported that a 
higher PR3‑ANCA titer during complete remission was asso‑
ciated with an increased risk of relapse and that MPO‑AAV 
was associated with poor prognosis regarding patient survival. 
However, a recent study from France suggested that the clini‑
copathological classification appears to be superior to antibody 
specificity in predicting prognosis in patients with AAV (7). 
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A recent retrospective monocentric study suggested that the 
epidemiological characteristics, clinical histopathological 
features and outcomes were different between MPO‑ and 
PR3‑positive Chinese patients with GPA (8). Therefore, the 
purpose of the present study was to investigate whether the 
clinical and pathological characteristics/outcomes were 
different between patients with MPO‑AAV and PR3‑AAV in 
our center.

Materials and methods

Patients and data collection. A total of 212 consecutive patients 
were diagnosed with AAV at Xiangya Hospital of Central 
South University (Changsha, China) between January 2008 
and January  2018. All patients fulfilled the Chapel Hill 
Consensus Conference criteria for AAV (3) and were identi‑
fied as ANCA‑positive by ELISA during the course of their 
disease. According to ANCA specificity, AAV was divided 
into MPO‑AAV and PR3‑AAV. The patients were enrolled 
in either the MPO‑AAV group or the PR3‑AAV group. The 
exclusion criteria were as follows: i) Patients with coexistence 
of other multisystem autoimmune diseases or kidney diseases; 
ii) hepatitis B or C virus or HIV infection; iii) double‑positive 
for MPO‑ANCA and PR3‑ANCA or anti‑Glomerular base‑
ment membrane (GBM) positive. Baseline demographics, 
clinical and laboratory data and treatment information were 
obtained from the electronic medical record system of the 
hospital. The Birmingham Vasculitis Activity Score (BVAS) 
was used to assess AAV activity (9).

Renal histopathology. Renal specimens of 88 of the 212 patients 
with AAV were evaluated by direct immunofluorescence and 
light and electron microscopy (10). The biopsy specimens were 
assigned into 4 categories, namely focal, crescentic, mixed and 
sclerotic, according to the definition of the 2010 histological 
classification (11). Interstitial and tubular lesions were scored 
semi‑quantitatively, as described previously  (12). Biopsies 
were independently scored by two pathologists who were 
blinded to the clinical data.

Treatment. The standard induction therapy consisted of 
oral prednisone plus cyclophosphamide (CTX)  (13,14). 
Patients received prednisolone at the initial dose of 
1  mg/kg/day orally for 2  weeks, and prednisolone was 
tapered to 10‑12.5  mg  per  patient  per  day by 3  months. 
CTX was administered intravenously 0.5‑0.75 g/m2, once 
every month. Dosages of CTX were adjusted to maintain 
the leukocyte count >4x109/l. For patients with AAV older 
than 65 years or those with a glomerular filtration rate (GFR) 
<20 ml/min per 1.73 m2, a 25% dose reduction of CTX was 
performed. Methylprednisolone pulse therapy and/or addi‑
tional plasma exchanges were given to certain patients with 
rapidly progressive glomerulonephritis or pulmonary hemor‑
rhage prior to the standard induction therapy. Intravenous 
CTX every 3 months or daily oral azathioprine or mycophe‑
nolate mofetil was given for maintenance therapy.

Follow‑up. The patients were followed up until death, 
progression to end‑stage renal disease (ESRD), or the final 
follow‑up date (January 30,  2019). ESRD was defined as 

estimated GFR <15 ml/(min x 1.73 m2) or maintenance of 
renal replacement therapy for >3 months. All follow‑up data 
were collected from the hospital's electronic medical records 
and by contacting the individual patients directly.

Statistical analysis. All data were analyzed using the statis‑
tical software SPSS, version 23.0 (IBM Corp.). Categorical 
data are expressed as n (%) and the results were compared 
using the χ2  test or Fisher's test. Quantitative data are 
expressed as the mean ± standard deviation (for normally 
distributed data) or median with interquartile range (for 
non‑normally distributed data) and the results were compared 
by Student's t‑test or the Mann‑Whitney U test, respectively. 
Kaplan‑Meier curves and log‑rank tests were used to analyze 
patient survival and renal survival. Patients who were lost 
to follow‑up before the final follow‑up date of this study 
(January 30, 2019) were censored. Those who survived or 
didn't progress to ESRD at end of study were also censored 
from the survival analysis. P<0.05 was considered to indicate 
statistical significance.

Results

Patient baseline demographic. As presented in Table I, of the 
212 patients with AAV diagnosed between January 2008 and 
January 2018 at Xiangya Hospital of Central South University 
(Changsha, China), 189 (89.15%) patients were classified as 
having MPO‑AAV and 23 (10.85%) as PR3‑AAV. Among 
the 189 patients who were MPO‑ANCA‑positive, 4 (2.10%) 
patients were diagnosed with GPA. Among the 23 patients 
who were PR3‑ANCA positive, 11 (47.80%) patients were 
diagnosed with MPA. The incidence of MPA was higher in the 
MPO‑AAV group compared with that in the PR3‑AAV group 
(97.90% vs. 47.80%; P<0.001). No significant difference in the 
sex distribution was present between the MPO‑AAV (102/87) 
and PR3‑AAV (13/10) groups. Compared with the patients in 
the PR3‑AAV group, patients in the MPO‑AAV group were 
older (P<0.01).

Patient clinical and laboratory data. Patients in the MPO‑AAV 
group had more severe renal damage compared with those in 
the PR3‑AAV group. The average serum creatinine level in the 
MPO‑AAV group was higher than that in the PR3‑AAV group 
(406±288 vs. 170±134 µmol/l; P<0.01). Compared with those 
in the MPO‑AAV group, the PR3‑AAV group had signifi‑
cantly higher levels of serum complement 3 (C3; P=0.022) and 
C‑reactive protein (CRP; P<0.01) and lower 24‑h proteinuria 
(P=0.023). There were no differences in the median BVAS, 
serum C4, hemoglobin or serum albumin levels between the 
groups. The most common organ involved in MPO‑AAV and 
PR3‑AAV was the kidney and no significant difference was 
present between the groups (P=0.143). There was no differ‑
ence regarding lung involvement between the groups. The 
incidence of ENT involvement (11.64 vs. 43.48%, P<0.01) and 
ophthalmic involvement (6.35 vs. 43.48%, P<0.01) was signifi‑
cantly lower in the MPO‑AAV group compared with that in 
the PR3‑AAV group.

Renal histopathology. Renal biopsies were performed in 
80 patients with MPO‑AAV and 8 patients with PR3‑AAV. 
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Although there was no significant difference in renal histopa‑
thology between the groups, there was a trend of the proportion 
of sclerotic class cases in the MPO‑AAV group (21.25%) 
being higher than that in the PR3‑AAV group (0.00%) and the 
proportion of crescentic class cases in the PR3‑AAV group 
(50.00%) being higher than that in the MPO‑AAV  group 
(35.00%; Table II). Renal histopathology images from a case 
of MPO‑AAV and a case of PR3‑AAV assessed using immu‑
nofluorescence and light and electron microscopy images are 
presented in Fig. S1.

Patient and renal survival. As presented in Table  III, 
174  (92.06%) patients with MPO‑AAV and 22  (95.65%) 
patients with PR3‑AAV received immunosuppressive 

treatment, which consisted of steroids plus cyclophosphamide 
in 111 (63.79%) patients with MPO‑AAV and 15  (65.22%) 
patients with PR3‑AAV, steroids plus other immunosuppres‑
sant (rituximab or mycophenolate) in 13  (7.47%) patients 
with MPO‑AAV and 2 (8.70%) patients with PR3‑AAV and 
steroids alone in 50 (28.74%) patients with MPO‑AAV patients 
and 5 (22.73%) patients with PR3‑AAV. In total, 49 patients 
received plasma exchange. Among the 212 patients with AAV, 
36 patients with MPO‑AAV and 5 patients with PR3‑AAV 
were lost to follow‑up. In total, 44.3% of the patients in the 
MPO‑AAV group and 26.7% of the patients in the PR3‑AAV 
group progressed to ESRD in the first year (P<0.001). As 
presented in Fig. 1, the 1‑year kidney survival rate was signifi‑
cantly higher in the PR3 group than that in the MPO group. No 

Table I. Baseline demographic and clinical parameters of patients with AAV.

Parameter	 Total (n=212)	 MPO‑AAV (n=189)	 PR3‑AAV (n=23)	 P‑value

Age (years)	 58.05±15.02	 59.61±13.83	 45.13±18.22	 <0.001
Males/females	 115/97	 102/87	 13/10	 0.816
Duration of disease (days)	   64 (37,150)	 70 (36,150)	 60 (37,90)	 0.583
MPA	 196 (92.45)	 185 (97.90)	 11 (47.80)	 <0.001
Organ involvement				  
  Pulmonary	 139 (65.57)	 122 (64.55)	 17 (73.91)	 0.372
  ENT	   32 (15.09)	 22 (11.64)	 10 (43.48)	 <0.001
  Ophthalmic	   22 (10.38)	 12 (6.35)	 10 (43.48)	 <0.001
  Gastrointestinal	   18   (8.49)	 15 (7.94)	 3 (13.04)	 0.407
  Nervous system	   48 (22.64)	 43 (22.75)	 5 (21.74)	 0.913
  Renal	 199 (93.87)	 179 (94.71)	 20 (86.96)	 0.143
BVAS	 13.37±5.54	 13.18±5.70	 14.86±3.65	 0.060
Serum creatinine (µmol/l)	 380±250	 406±288	 170±134	 <0.001
Urinary protein (g/24 h)	 0.74 (0.21, 1.5)	 0.84 (0.25, 1.63)	 0.23 (0,1)	 0.023
Serum albumin (g/l)	 29.49±6.25	 29.47±6.18	 29.60±6.94	 0.884
Hemoglobin	 82.69±21.24	 81.57±20.79	 91.87±23.11	 0.053
Serum C3 (g/l)	 832±286	 810±251	 1021±464	 0.022
Serum C4 (g/l)	 238±100	 237±95	 242±139	 0.563
CRP (mg/l)	 26 (7.2,81.0)	 22.5 (6.7,76.0)	 67 (24.0134.0)	 0.002

Values are expressed as the mean ± standard deviation, the median (interquartile range) or n (%). AAV, antineutrophil cytoplasmic autoan‑
tibody‑associated vasculitides; PR3, proteinase 3; MPO, myeloperoxidase; MPA, microscopic polyangiitis; BVAS, Birmingham Vasculitis 
Activity Score; ENT, ear, nose and throat; C3, complement 3; CRP, C‑reactive protein.

Table II. Renal pathological features of patients with AAV.

Item	 MPO‑AAV (n=80)	 PR3‑AAV (n=8)	 P‑value

Sclerotic class	 17 (21.25)	 0 (0.00)	 0.326
Focal class	 12 (15.00)	 2 (25.00)	 0.818
Crescentic class	 28 (35.00)	 4 (50.00)	 0.649
Mixed class	 23 (28.75)	 2 (25.00)	 1.000
Tubule‑interstitial lesion score	   1 (1,2)	 1.5 (1,2)	 0.813

Values are expressed as n (%) or the median (interquartile range). AAV, antineutrophil cytoplasmic autoantibody‑associated vasculitides; PR3, 
proteinase 3; MPO, myeloperoxidase.
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significant difference in patient survival was present between 
the groups (Fig. 2).

Discussion

The prevalence and incidence of PR3‑AAV and MPO‑AAV 
are different in different countries  (15‑17). PR3‑AAV is 
more common in northern Europe (18). Several studies have 
highlighted that MPO‑AAV is dominant and more commonly 
present in China (8,19,20), which is consistent with the results 
of the present study. In the present cohort of patients with AAV, 
89.15% were MPO‑ANCA positive. This difference between 
countries may be attributable to genetic pools and the envi‑
ronment (4,21). The elderly have an increased susceptibility 
to AAV, without any differences in ANCA specificity; certain 
studies have reported no age differences between PR3‑AAV 
and MPO‑AAV patients (5,22). However, in the present study 
patients with MPO‑AAV were older compared with those with 
PR3‑AAV, which was consistent with the results of another 
study (8). The possible reasons for this discrepancy may be due 
to population differences (23).

The diagnosis of AAV is based on clinical features and the 
presence of ANCA. AAV is a systemic disease and due to this 
feature, its diagnosis and determination of classification may 
be delayed. However, certain manifestations, such as orbital 
granuloma, may also occur and are suggestive of GPA (24). 
The clinical characteristics of AAV correlate with ANCA 
specificity: PR3‑AAV is associated with respiratory tract 
involvement and more extrarenal organ manifestation (22,25), 
while MPO‑AAV is commonly a renal‑limited disease (7,26). 
The incidence of pulmonary involvement is similar in the 
two serotypes of AAV, but cavitary lesions and nodules are 
common in PR3‑AAV and pulmonary infiltrates are frequently 
observed in MPO‑AAV (27). No significant difference in 
pulmonary involvement was observed among the subsets in 
the present study.

Over 80% of patients with AAV have kidney involve‑
ment. The prevalence of renal involvement in patients with 
MPO‑AAV was slightly higher compared with that in patients 
with PR3‑AAV in the present study, though the difference 
did not reach statistical significance, which was in agreement 
with previous studies (8,25,28). The use of ANCA to monitor 

Figure 1. Renal survival of patients with different types of AAV. Follow‑up 
time (months) refers to the time since the start of treatment. AAV, antineu‑
trophil cytoplasmic autoantibody‑associated vasculitides; PR3, proteinase 3; 
MPO, myeloperoxidase.

Figure 2. Patient survival of cases with different types of AAV. Follow‑up 
time (months) refers to the time since the start of treatment. AAV, antineu‑
trophil cytoplasmic autoantibody‑associated vasculitides; PR3, proteinase 3; 
MPO, myeloperoxidase.

Table III. Treatment of patients with AAV.

Treatment	 MPO‑AAV (n=189)	 PR3‑AAV (n=23)	 P‑value

Immunosuppressive treatment	 174 (92.06)	 22 (95.65)	 0.538
  Steroids plus cyclophosphamide	 111 (58.73)	 15 (65.22)	 0.686
  Steroids plus other immunosuppressant	   13   (6.88)	   2   (8.70)	 0.788
  Steroids alone	   50 (26.46)	   5 (21.73)	 0.555
Plasma exchange	   45 (23.81)	   4 (17.39)	 0.491

Values are expressed as n (%) or the median (interquartile range). AAV, antineutrophil cytoplasmic autoantibody‑associated vasculitides; PR3, 
proteinase 3; MPO, myeloperoxidase.
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disease activity and predict relapses in patients with renal 
involvement is helpful (29,30). The ANCA serotype was a 
better predictor of relapse in remission patients than disease 
classification (30). MPO‑ANCA is more common in MPA, 
while PR3‑ANCA is more common in GPA. Serum ANCA is 
considered to be a basis for the clinical and histological classi‑
fication of AAV. In European patients, 40‑80% of MPA cases 
were MPO‑ANCA‑positive and 80‑95% of GPA cases were 
PR3‑ANCA‑positive (24). However, in China, MPO‑ANCA 
positivity was estimated to be present in >60% of GPA cases 
and 68.4% of the patients in the PR3 group had MPA (8). 
In the present study, >90% of MPO‑positive patients were 
diagnosed with MPA and 47.8%  of PR3‑ANCA‑positive 
patients had MPA, which was in line with the data of the 
above‑mentioned Chinese study (8). It may be speculated 
that such differences were due to the following reasons. First, 
the inclusion of only small numbers of PR3‑ANCA‑positive 
patients in the Chinese study resulted in an inaccurate repre‑
sentation of the group. Furthermore, ethnic differences may 
also have a crucial role.

Whether renal disease is tubulointerstitial or glomerular, 
complement has an essential role  (31,32). There has been 
an increasing interest in the role of complement in AAV in 
recent years. Evidence from clinical observations and animal 
models suggests that the alternative complement pathway has 
a crucial role in the pathogenesis of AAV (10,33). Low serum 
C3 levels at diagnosis have been reported to be correlated 
with poor renal outcome (34,35). Furthermore, patients who 
were MPO‑ANCA‑positive had lower serum C3 and C4 levels 
compared with PR3‑ANCA‑positive patients, which suggests 
that patients with MPO‑AAV may have a more severe disease 
state or the presence of differences in the activated alternative 
pathway between ANCA serotypes. As CRP is a widely used 
noninvasive marker of inflammation and BVAS is the most 
commonly used index to evaluate the disease activity of AAV, 
the present data indicating that BVAS and CRP were higher in 
patients with PR3‑AAV compared with those in patients with 
MPO‑AAV imply that patients with PR3‑AVV at diagnosis 
were in a more acute state of injury, while MPO‑AVV patients 
were in a more chronic state.

Renal biopsy taken in a clinical setting may offer patients 
potential benefits (36). The histopathological classification 
of AAV proposed by Berden et al (11) in 2010 was based on 
the percentage of glomeruli involved. The important role of 
the renal pathology in AAV is to assist in diagnosis and to 
predict renal outcome. One study reported that crescentic 
class and acute tubulointerstitial lesions are more common 
in PR3‑AAV glomerulonephritis (8). Another study revealed 
that although there were no differences in sclerotic, focal, 
crescentic or mixed classes between the groups, PR3‑AAV 
featured a higher proportion of normal glomeruli compared 
with MPO‑AAV  (7). By contrast, fibrotic changes were 
more common in MPO‑AAV  (7). Renal histopathological 
classification and tubulointerstitial lesions in PR3‑AAV and 
MPO‑AAV are not found to be different at our center in the 
present study. The discrepancy between the present study 
and previous studies may be explained by an enhancement in 
the understanding of MPO‑AAV and the utility of ANCA in 
making an early diagnosis of MPO‑AAV (37). The number 
of patients with PR3‑AAV with renal biopsy is small in the 

present study, which may result in inaccurate results. A larger 
number of patients with PR3‑AAV with renal biopsy require 
to be recruited in future studies to come to a precise conclu‑
sion. The use of effective immunosuppressive treatments has 
improved the outcome of AAV. There are still certain disputes 
regarding the association between the ANCA serotype and 
renal and patient prognosis. Certain studies suggested that no 
difference in renal survival was present between ANCA sero‑
types (8,28,38,39). However, in agreement with the results of 
certain previous studies (40,41), the present data demonstrated 
that renal survival was unfavorable in patients with MPO‑AAV 
compared with that in patients with PR3‑AAV, possibly as the 
result of worse renal function in patients with MPO‑AAV at 
the time of diagnosis. Another plausible explanation for this 
difference may be the increased proteinuria in MPO‑AAV, 
as proteinuria has been suggested to be an independent risk 
factor for renal survival (42). Previous studies have suggested 
that there was no significant difference in patient survival 
between MPO‑AAV and PR3‑AAV patient groups (41,43). The 
present study also indicated no association between ANCA 
specificity and patient survival, but 1‑year patient survival was 
lower than that in other centers (7,40). A higher proportion of 
renal involvement and the lower proportion of patients who 
received plasma exchange may be important reasons for these 
observations.

There are certain limitations to this study. First, because 
PR3‑AAV has a low prevalence in China compared to that 
in other countries, the number of patients in the PR3‑AAV 
group of the present study was small. Furthermore, due to 
the retrospective nature of data collection, the maintenance 
of the immunosuppressive regimen in the two groups was 
not consistent. Finally, follow‑up was limited in the present 
study.

In conclusion, MPO‑AVV remains the most common type 
of AAV in China. Certain characteristic clinical and outcome 
differences may be observed and classification of patients 
based on the ANCA serotype appears to bring additional 
value to clinical practice, but it remains difficult to distinguish 
between MPO‑AAV and PR3‑AAV. A large national investi‑
gation of AAV is required to prove the concept that PR3‑AAV 
and MPO‑AAV are distinct disease entities.
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