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Abstract 

Objective: The aim of this study was to describe the clinical and serological features 

of patients with antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis 

(AAV) in eastern China using data from a hospital-based study. And looking for 

indicators that can predict disease activity. 

Methods: We retrospectively studied patients with newly diagnosed AAV evaluated 

from January 1, 2009, to December 31, 2018. In total, 219 patients diagnosed were 

classified according to the American College of Rheumatology classification criteria 

and/or revised Chapel Hill 2012 definitions, and their clinical and serological features 

were evaluated. The association of laboratory data with disease activity was assessed 

via regression models. 

Results: Of 219 incident cases of AAV, 37/219 (16.9%) had granulomatosis with 

polyangiitis (GPA), 172/219 (78.5%) were microscopic polyangiitis (MPA), and 

10/219 (4.6%) had eosinophilic granulomatosis with polyangiitis (EGPA). The mean 

age at diagnosis of patients with GPA were 51.5 years (male/female, 18/19), MPA were 

61.7 years (male/female, 84/88), and EGPA were 49.8 years (male/female, 7/3), 

respectively. Patients with MPA were significantly older than GPA and EGPA at 

diagnosis (p<0.001). ANCAs tested positive in 207 (94.5%) of cases: 167 (80.7%) were 

MPO-ANCA and 40 (19.3%) were PR3-ANCA. Lung, skin, nervous system symptoms 

were the most common in EGPA. For GPA, ear–nose–throat (ENT) symptoms and 

lungs involvement were the most common. Renal and lung involvement occurs most 

frequently in MPA. In the multivariable logistic regression analysis, higher anti-MPO 

antibody (≥149.4 IU/ml), higher hypersensitive c-reactive protein (hs-CRP, ≥62.5 

mg/L), lower hemoglobin (≤	113.5g/L), and higher complement 4 (C4, >0.215 g/L) 

were proved to be independent risk factors for active disease. Further research showed 

that C4 had higher sensitivity (70.0%) and specificity (83.4%) than the other three 

indicators. 

Conclusion: MPO-ANCA-positive MPA is the most common form of AAV in Chinese 

patients. Serum C4 concentrations at diagnosis might be a useful biomarker of disease 

activity in AAV.  



1. Introduction 

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) are a group 

of multisystem, autoimmune, inflammatory disease characterized by pauci- necrotizing 

vasculitis affecting small-to-medium blood vessels [1, 2]. Three different clinical forms 

have been differentiated: granulomatosis with polyangiitis (GPA), microscopic 

polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (EGPA), 

formerly named Churg-Strauss syndrome. Two of the well-known autoantigen targets 

of ANCA are proteinase 3 (PR3) and myeloperoxidase (MPO) which are frequently 

associated with the disease. Usually, antibodies directed against PR3 antigen are 

associated with a C-ANCA pattern, whereas, MPO antigen are associated with a P-

ANCA pattern [3]. The combination of C-ANCA-PR3 is strongly associated with GPA, 

whereas the combination of P-ANCA-MPO is predominant in MPA and EGPA. 

Occasionally, other autoantigens can also be targeted by ANCA, such as cathepsin G, 

lactoferrin, lysozyme, bacterial permeability increasing factor, hLAMP-2, and elastase 

[4]. 

AAV is a rare disease that can occur at any age. The clinical manifestations of the 

AAV are diverse and can be confined to one organ, or multiple organs and even life-

threatening and prompt immunosuppressive treatment is crucial to reduce death by 

major-organ failure as well as long-term morbidity. Nevertheless, even if the diagnosis 

is correct and immunomodulatory therapy has been initiated, AAV tend to progress and 

the individual treatment response remains challenging to predict [5, 6]  

Birmingham Vasculitis Activity Score (BVAS) had been used for assessing the 

activity and severity of AAV[5, 7], and it was reportedly associated with the poor 

prognosis of AAV. Besides BVAS, large-scale biomarker studies had been conducted 

to identify an ideal biomarker reflecting disease activity. Several biomarkers including 

c-reactive protein (CRP), complement 3a (C3a), C5a, and matrix metalloproteinase-3 

(MMP-3) in the blood had been proposed for the evaluation of disease activity [8-11]. 

However, there has been no specific index for assessing the cross‐sectional activity of 

AAV at diagnosis. Taking this into account, we investigated the variables at diagnosis 

which were correlated with active AAV and determined the initial predictors of cross-



sectional disease activity at diagnosis in immunosuppressive drug-naïve patients with 

AAV. 

The aim of this study was to describe the demographic data, clinical manifestations 

and serological characteristics in AAV patients, to evaluate the expression differences 

between active and inactive disease and to validate the most promising biomarkers for 

disease activity.  

 

2. Patients and Methods 

2.1 Patients 

A total of 219 patients who were newly diagnosed as AAV in our department between 

January 1, 2009 and December 31, 2018 were enrolled in this study. The criteria for 

enrolment included patients who fulfilled the American College of Rheumatology 1990 

criteria for the classification of GPA and EGPA; for MPA, a clinical diagnosis was 

made by an experienced rheumatologist in concordance with Chapel Hill 2012 

consensus [2, 12, 13]. The exclusion criteria were age younger than 18 years, recurrent 

AAV, presence of other autoimmune diseases and a history of malignancies. The study 

was approved by the Institutional Review Board of Zhongshan Hospital and all patients 

included in the study provided informed consent to participate. 

. 

 

2.2 Data collection and disease assessment  

The following data of each patient at baseline were obtained: demographics, organ 

involvement at disease onset, comorbidities, laboratory data (erythrocyte sedimentation 

rate (ESR), hypersensitive CRP (hs-CRP), white blood count (WBC), hemoglobin, 

platelets, serum creatinine, 24-hour urine protein excretion, serum albumin, serum 

globulin, Immunoglobulin (A, M, G, E)，C3, C4, CH50 and ANCA ) and radiology 

findings. The disease activity of the enrolled patients was assessed in accordance with 

the BVAS 2003 [14], we stratified patients with AAV into three groups based on the 

tertile of BVAS and defined the lower limit of the highest tertile as the cutoff for the 

current severe AAV (BVAS at diagnosis ≥15). We defined active AAV as BVAS ≥15, 



and finally, 149 patients with active AAV and 70 patients with inactive AAV were 

identified.  

The disease severity of the enrolled patients was classified as localized, early 

systemic, generalized, and severe according to the European League Against 

Rheumatism (EULAR) recommendation for clinical studies in systemic vasculitis [15]. 

 

2.3. ANCA analysis 

ANCA were determined by indirect immunofluorescence (IIF) tests and antigen-

specific enzyme-linked immunosorbent assay (ELISA) for PR3-ANCA and MPO-

ANCA in all patients at the time of diagnosis. 

 

2.4 Statistical analysis 

Statistical analysis was performed with SPSS statistics (version 20.0; SPSS Institute 

Inc., Cary, NC, USA). For descriptive statistics, continuous variables were presented 

as mean ± standard deviation (SD) and categorical variables were presented as number 

and percentage. Continuous variables were compared using Student t test or the Mann–

Whitney U test depending on data distribution. Fisher or chi-square tests were used to 

compare categorical variables and one-way ANOVA was used to compare continuous 

ones in patients with GPA, MPA and EGPA subgroups. Pearson's correlation analysis 

was used to evaluate the associations between the different variables with BVAS. 

Logistic regression was performed to calculate the area under the curve (AUC) for each 

laboratory test in association with disease activity. The optimal cutoff of each 

laboratory test at diagnosis for estimating active AAV was calculated by using the area 

under the receiver operator characteristic curve (AUROC) and selecting the maximized 

sum of sensitivity and specificity. All tests were two‐tailed, with P values < 0.05 being 

considered as significant. 

 

3. Results 

3.1 Demographic data of all patients at baseline 



Demographic data, ANCA status and disease severity of the 219 patients who were 

newly diagnosed of AVV (37 GPA, 172MPA and 10 EGPA; 109 men and 110 women) 

are summarized in Table 1. There was no significant gender difference for all AAV 

diseases. The mean age at diagnosis was 59.5±15.4 years. Patients with MPA were 

more than 10 years older on average than those with GPA or EGPA (61.7±13.9 years 

vs 51.5±17.5 years vs 49.8±22.7 years, respectively, p<0.001). MPO-ANCA was 

detectable in 94.2% of patients with MPA, in none of those with GPA, and in 50.0% of 

those with EGPA. In contrast, PR3-ANCA was detectable in 86.5% of those with GPA, 

in 10.0% of the patients with EGPA and in 4.1% of those with MPA. Overall, ANCA 

testing was negative at diagnosis in 5.5% of the entire AAV patients, in 13.5% of GPA 

patients, in 2.3% of MPA patients and in 30% of the EGPA patients. The BVAS were 

17.3, and all these patients had similar BVAS scores at diagnosis. We observed that 

compared with GPA and EGPA, there was significantly more generalized and severe 

(organ-threatening) disease states, especially more renal involvement in MPA. 

 

3.2  Clinical characteristics of all patients at diagnosis  

The detailed information on organ involvement described and compared among 

patients with GPA, MPA and EGPA is presented in Table 2. Most patients were 

pyrexial on first admission. For all AVV patients at diagnosis, the most common organ 

involvement was lung (74.9%) and kidney involvement (62.6%). In GPA, the most 

common clinical features at diagnosis were pulmonary (78.4%), followed by ear–nose–

throat (ENT) symptoms and renal manifestations (67.6% and 54.1%, respectively). 

Lung and kidney involvement were most common in patients with MPA (74.4% and 

65.7%, respectively). Lung involvement was presented at diagnosis in 70% of patients 

with EGPA. Cutaneous involvement was present in 50% of patients with EGPA, and 

renal manifestation and nervous system involvement were each present in 40% of 

EGPA. 

 

3.3  Laboratory data of all patients at baseline  



Laboratory data are shown in Table 3. The mean hemoglobin, WBC and platelets 

counts were 102.7 g/L, 10.4×109/L and 292×109/L, respectively. The average value of 

proteinuria and Scr in AAV patients were 0.89 g/24h and 160.87 µmol/L. Proteinuria 

and Scr in patients with MPA were dramatically higher than those in GPA and EGPA 

(0.99±1.03 vs 0.54±0.55 vs 0.49±0.48; 181.44±210.57 vs 85.57±86.81vs 85.7±49.18, 

respectively), corresponding to the kidney involvement mentioned above. Concerning 

the laboratory results of acute reactants, the mean ESR and hs-CRP were 70.7 mm/h 

and 62.4 mg/L, which showed no difference among the entire AAV patients. In terms 

of immunoglobulin, the IgE of EGPA was higher than that in GPA and MPA, but there 

was no statistical difference (322.9±628.3 vs 210.5±507.3 vs 130.0±151.9, p=0.548). 

Also, IgG4 levels were significantly higher in subjects with EGPA (3.3±1.8 g/L) than 

in the other two groups (GPA 1.5±1.4 g/L, MPA 1.6±1.4 g/L, p=0.039). With respect 

to IgM, IgA and IgG levels, no clinically meaningful differences were detected between 

the groups. 

 

3.4  Comparison of laboratory variables at diagnosis between AAV patients in the 

active and inactive groups  

The baseline features of patients in the active and inactive groups are compared in Table 

4. Age and gender were comparable between these two groups (both p>0.05). Anti-

MPO antibody titers were found significantly higher in active group (130.2±82.0 vs 

101.2±79.0 IU/ml, p=0.014) and PR3 antibody titers were similar between both groups 

(p=0.2). The active group also tended to have higher levels of platelets (293.6±103.2 

vs 238.2±80.2×109/L, p=0.00), hs-CRP (81.0±57.0vs 45.4±36.8 mg/L, p=0.00), C4 

(0.32±0.09 vs 0.19±0.06g/L) than inactive group. Hemoglobin levels were significantly 

lower in active group than in inactive group (98.8±21.2 vs 111.1±23.0 g/L, p=0.00). 

These patients also had lower levels of serum albumin (31.1±5.5 vs 33.5±5.7 g/L, 

p=0.003), serum globulin (31.0±7.5 vs 34.0±8.5 g/L, p=0.009), IgG (14.7±5.6 vs 

18.1±7.7 g/L, p=0.001). However, the mean ESR level showed no difference between 

these two groups (p=0.088).  

 



3.5  Correlation of baseline features and BVAS  

To further analyze the differences of the above laboratory data between patients with 

different levels of disease activity score (BVAS), Pearson's correlation analysis was 

conducted as shown in Table 4. PR3 antibody titers, platelets and hs-CRP levels were 

positively correlated with BVAS (r=0.189, 0.149, 0.265, respectively; p<0.05 for all 

the correlations). However, hemoglobin levels, serum albumin, serum globulin, IgA, 

IgM and IgG levels were negatively correlated with BVAS (r=-0.263, -0.223, -0.187, -

0.215, -0.216, -0.245, respectively; all p< 0.05).  

 

3.6  Potential risk factors associated with disease activity in AAV patients  

To determine the independence of associations between baseline parameters and 

disease activity, all parameters in the univariate analysis (p<0.1) were included in a 

multivariate regression analysis. The logistic regression analysis identified the 

following factors as independent risk factors of disease activity: MPO antibody titer 

(OR=3.214 [95% CI=1.003–10.038], p=0.045), hemoglobin (OR=0.106 [95% 

CI=0.024–0.479], p=0.004), hs-CRP (OR=3.908 [95% CI=1.22–12.521], p=0.022) and 

C4 (OR=4.858 [95% CI=1.243–18.690], p=0.021) (Table 5). Cut-off values to evaluate 

sensitivity, specificity and the area under the curve (AUC) were further calculated 

(Table 6). The optimal cut-off level of serum C4 for predicting active AAV was 

determined to be 0.215 g/L based on the area under the ROC curve (AUC=0.710, 95% 

CI 0.638-0.783; sensitivity70%, specificity 83.4%). A hs-CRP cut-off value of 

62.5mg/L yielded a sensitivity of 62.3% and specificity of 77.1%, while the AUC was 

0.696. Hemoglobin (cut-off value 113.5 g/L) had a sensitivity of 50% and specificity 

of 81.2% (AUC 0.659), anti-MPO antibody titer had a sensitivity and specificity of 

57.7% and 65.7%, respectively (AUC 0.605). The above results indicated that C4 had 

a higher sensitivity and specificity than the other three indicators. Furthermore, serial 

and parallel tests were conducted using C4 and other independent biomarkers for AAV 

activity, as shown in Table 6. The results indicated that when C4 was combined with 

hs-CRP for serial test, the specificity improved to 94.3%. When combined with C4 and 

hemoglobin for parallel test, the sensitivity improved to 96.7%.  



4. Discussion 

To our knowledge, this is the first study regarding the characteristics of AAV in eastern 

China. The age, gender, and patterns of organ involvement in our patients were similar 

to those described in Europe and other countries [6, 16-19]. At the time of diagnosis, 

the mean age was significantly higher in patients with MPA consistent with that 

reported by other studies [6, 16].  

Our findings concur with previous reports that ENT involvement was predominant 

in GPA but rare in EGPA and MPA, renal involvement was almost constant in MPA 

but exceptional in EGPA; neurological involvement was notably more prevalent in 

EGPA than in GPA and MPA [5, 6, 17, 18, 20]. However, these clinical characteristics 

cannot distinguish different types of AAV, just like laboratory tests, they are also not 

specific. 

Our study showed that MPO-ANCA were much more common than PR3-ANCA in 

Chinese patients with AAV in accordance with other Asian populations that MPA was 

approximately two to three times more common than GPA in China and Japan [21-23]. 

However, GPA is more common than MPA in European and American patients [23, 

24]. With respect to ANCA, we confirmed that C-ANCA-PR3 antibodies were mainly 

associated with GPA, and P-ANCA-MPO antibodies with MPA and EGPA, but caution 

should be exerted in view of its negativity in a milder form of the disease, or positivity 

in other disorders. MPO-ANCA was reported to contribute to severe renal involvement 

and a percentage of Interstitial lung disease (ILD) in patients with AAV. Studies 

showed that renal lesions and inflammation in renal biopsy from MPA patients were 

more severe than GPA [25]. Our study found that serum creatinine and proteinuria 

levels in patients with MPA were higher than those with GPA and EGPA, further 

confirming these studies.  

In our study, lung involvement occurred in most of the AAV patients. For lung 

lesions, patients with MPA seemed to be more prone to have ILD in line with some 

studied that ILD developed more frequently in patients with MPO-ANCA-positive 

AAV, mainly in those with a diagnosis of MPA [26]. A high ratio of MPO-ANCA 



positivity to PR3-ANCA positivity and a high prevalence of ILD also had been reported 

in Asian countries [4, 27].  

Humoral immunity had been shown to play an important role in the pathogenesis of 

AAV for the efficacy of B-cell depletion with rituximab in refractory AAV cases [28]. 

Previous reports showed that IgG4 are increased in GPA and EGPA and correlated with 

disease activity [29, 30]. Similarly, in this study, we found elevated serum IgG4 levels 

in patients with AAV, and the significantly increased IgG4 production is much more 

pronounced in EGPA than that in MPA and GPA. This was confirmed by our study that 

the difference between EGPA and GPA was highly significant. 

Despite our increasing understanding of the pathogenesis of AAV, there is still no 

reliable biomarker to assess disease activity in AAV. At present, ESR, CRP, and 

changes in ANCA titers are still the most commonly used markers of disease activity 

in the clinic practice [11, 31, 32]. In our study, multivariate analysis was used to find 

the potential independent predictors related to disease activity. Similar to reports in 

other cohorts of patients with AAV, levels of hs-CRP were significantly up-regulated 

in active AAV and associated with disease activity [31, 32]. However, inflammatory 

processes besides vasculitis could raise its respective values, leading to an impractical 

disease marker. Serial ANCA titre, although full of controversy, was the most 

frequently used tool to assess disease activity. These findings were corroborated in our 

study, further supporting a role of elevated MPO-ANCA titre in active disease and 

independently correlated with disease activity. A low hemoglobin was reported to be 

imparted an increased risk of death, possibly as markers of the severity of the systemic 

inflammation. Moreover, low hemoglobin had been considered to be a negative 

prognostic factor of AAV [5, 33]. Interestingly, our observations revealed that 

hemoglobin levels were correlated with disease activity and also as an independent 

predictor for activity, in accordance with other studies who described lower hemoglobin 

levels were associated with severe AAV [33].   

As an important part of the immune system, the complement system plays a central 

role in innate and adaptive immunity, and abnormalities in complement had been 

associated with many autoimmune diseases, including systemic lupus erythematosus 



(SLE), atypical hemolytic-uremic syndrome (aHUS), sepsis and cryoglobulinemia[34-

36]. Recently, studies from experimental animal models, in vitro experiments, and 

clinical observations had demonstrated that activation of alternative complement 

pathway played a critical role in the pathogenesis of AAV [36, 37]. The fact was 

supported by studies that higher plasma levels of alternative complement pathway 

components such as Bb, C3a, and C5a were observed in patients with AAV than in 

healthy control[37]. Moreover, other studies had shown that low baseline C3 levels 

predicted severe AAV and implied bad outcomes and poor response to 

immunosuppressive treatment [9, 38]. Inconsistent with their research, we found no 

correlation between C3 and disease activity. The inconsistency of the research results 

may be attributed to the study population, detection methods and the cut-off values.  

In our present study, we found that plasma levels of C4 were significantly higher in 

patients with AAV in active stage compared with that in inactive stage. So far, there 

had been few studies regarding the C4 and disease activity. A previous study 

demonstrated the plasma level of C4d, a product derived from activation of C4 in 

patients with AAV was significantly higher than that in normal controls, showing that 

the classical complement pathway was activated in AAV[10]. However, the authors 

could not conclude whether C4 represented an independent factor predicting the cross-

sectional severity and activity of AAV. To the best of our knowledge, we have first 

demonstrated that C4 could predict disease activity at diagnosis in patients with AAV. 

Our study showed that baseline serum C4 was significantly correlated with BVAS for 

AAV patients, and furthermore, C4 was also the independent predictor of disease 

activity in multivariable regression analysis. However, evidence from the anti-MPO-

induced AAV mouse models demonstrated C4 knockout (KO) mice developed 

necrotizing crescentic glomerulonephritis (NCGN) comparable to wild type mice [37]. 

All of the above suggested that the classic pathway was activated in patients with AAV 

and correlated with disease activity, but they were probably not pathogenic. The 

complement system, especially classic pathway had been reported to play an important 

role in removing waste material from necrotic or apoptotic cells, as well as the clearance 

of circulating immune complexes. The possible reasons for the increased C4 levels 



along with disease activity in our study may be as follows. On one hand, as the degree 

of AAV inflammation increases, more necrotic and apoptotic cells were produced and 

more C4 was needed to clear the waste material; On the other hand, C4, like several 

other factors of complement system, belong to the acute phase proteins which increased 

rapidly in inflammatory conditions, such as vasculitis.  

In the clinical settings, BVAS might be affected by subjective complaints, such as 

discomfort, myalgia or arthralgia and it needs more tests including chest imaging in a 

patient suspected of pleural effusion or pleurisy. However, since C4, hs-CRP and 

hemoglobin which are routinely measured at every visit, it is more convenient to 

evaluate the severity of AAV. Our present study suggested that C4 with high sensitivity 

and specificity for predicting disease severity may be a new biomarker of disease 

activity that could help clinicians quickly identify patients with disease activity.  

Several limitations of this study should be considered. The main limitations of this 

study were the cross-sectional, retrospective, observational design and the laboratory 

data were collected by reviewing medical records. Secondly, the number of patients 

evolved was relatively limited. Nevertheless, and taking into account our limitations, 

future studies with a larger number of participants and prospective cohorts compared 

with control groups to ascertain their clinical utility for AAV. 

 

5. Conclusions 

In conclusion, our study has for the first time indicated that baseline C4 values can be 

an independent predictor for assessing disease activity in AAV.  
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