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Abstract
Co-occurrence of anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) and IgA nephropathy (IgAN) is 
extremely uncommon. To date, only a few case reports have described such patients. Here, we describe the clinical presenta-
tion, pathologic features, treatment response, and outcome data of five patients with the rare form of co-existing AAV and 
IgAN and compared the characteristics of these patients to AAV patients with pauci-immune glomerulonephritis (n = 10) 
and IgAN patients (n = 10) that were selected as controls by stratified random sampling. In addition, we summarize all the 
previously reported cases of AAV and IgAN. In total, including the current study, 16 AAV/IgAN overlap cases were reported. 
Our five patients with the coexistence of AAV and IgAN were younger than the ten AAV patients with pauci-immune 
glomerulonephritis (22.6 ± 8.2 years versus 48.9 ± 15.7 years, respectively, P = 0.004). Histologically, they had a signifi-
cantly lower percentage of glomeruli with fibrous crescents compared with AAV patients (0.0% versus 4.0%, P = 0.038). 
Compared with ten IgAN patients, our five AAV/IgAN patients had higher levels of ESR (P = 0.032) and CRP (P = 0.031). 
After accepting treatment with a combination of steroid and immunosuppressants, all patients showed a positive response to 
therapy, except for one patient in our cohort and another previously reported patient. We described the clinical presentation, 
pathologic features, treatment response, and outcome data of five patients with overlapping AAV and IgAN. They had mild 
glomerular pathological lesions and a positive response to aggressive immunosuppressive therapy. They were quite similar 
to pauci-immune AAV patients in clinical features, except for younger age. They had a lower percentage of glomeruli with 
fibrous crescents compared with AAV patients. In contrast to IgAN patients, they had higher levels of ESR and CRP. The 
mechanism of the coexistence of IgAN and AAV needs further study.

Keywords  Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) · IgA nephropathy · Antineutrophil 
cytoplasmic antibody · Autoimmune disease · Glomerular disease

Yong Zhong and Xiangcheng Xiao contributed equally to this work 
and share senior authorship.

 *	 Yong Zhong 
	 zhongyong121@163.com

 *	 Xiangcheng Xiao 
	 xiaoxc@csu.edu.cn

1	 Department of Nephrology, Xiangya Hospital, Central South 
University, Changsha, Hunan Province, China

2	 Key Laboratory of Biological, Nanotechnology of National 
Health Commission, Xiangya Hospital, Central South 
University, Changsha, Hunan, China

3	 Department of Pathology, Xiangya Hospital, Central South 
University, Changsha, Hunan Province, China

4	 Department of Hematology, The Affiliated Zhuzhou Hospital 
Xiangya Medical College, Central South University, 
Zhuzhou, China

5	 Centre for Inflammatory Diseases, Department of Medicine, 
Monash University, Monash Medical Centre, Clayton, VIC, 
Australia

6	 Department of Medical Records & Information, 
Xiangya Hospital, Central South University, Changsha, 
Hunan Province, China

/ Published online: 13 October 2022

Immunologic Research (2023) 71:1–14

http://orcid.org/0000-0003-2520-0087
http://crossmark.crossref.org/dialog/?doi=10.1007/s12026-022-09322-8&domain=pdf


1 3

Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis (AAV) is typically characterized by the devel-
opment of autoantibodies to the neutrophil protein leu-
kocyte proteinase 3 (PR3-ANCA) or myeloperoxidase 
(MPO-ANCA), and is defined as an autoimmune disease 
[1]. For AAV patients, the kidney and lungs are the com-
monly affected organs. The hallmark histopathology of 
renal biopsy is segmental necrosis of the glomerular cap-
illary loops with few or no glomerular immune complex 
deposits [1].

Immunoglobulin A (IgA) nephropathy (IgAN) is diag-
nosed by a distinctive pathologic hallmark, the presence of 
IgA-dominant or co-dominant immune deposits in the glo-
merular mesangium [2]. IgAN is the most prevalent pat-
tern of primary chronic glomerulonephritis in the world, 
which typically affects young people [3].

A growing number of IgAN patients with serum ANCA 
positivity have been reported [4–9]. AAV patients with 
glomerular IgA deposits were also reported in some 
studies. Yanhong et al. reported that 26 of the 168 AAV 
patients had glomerular IgA deposition [10]. The coexist-
ence of AAV and IgA nephropathy is extremely rare, and 
very few case reports described 11 AAV/IgAN overlap 
patients [11–18].

In this study, we described the clinical presentation, 
pathologic features, treatment response, and outcome 
data of five patients with this rare form of combined 
AAV and IgAN. To understand the features of these rare 
cases in-depth, we compared them with pauci-immune 
AAV patients (n = 10) and IgAN patients (n = 10) with 
the same proportion of crescentic glomeruli. To the best 
of our knowledge, this is the first report to describe five 
AAV/IgAN overlap patients and summarize all previously 
reported cases.

Methods

Patients

The study was approved by the Medical Ethics Committee 
of the Xiangya Hospital of Central South University for 
Human Studies (approval number 201711836). We retro-
spectively screened the clinical and histological data of 
151 patients who were diagnosed with AAV and received 
a renal biopsy in Xiangya Hospital from January 2008 to 
June 2019. Five of these were diagnosed with IgAN by 
immunohistochemistry or immunofluorescence according 
to its diagnostic hallmark, the presence of IgA-dominant 

or co-dominant immune deposits in the glomerular mesan-
gium. Of the 151 AAV patients, 88 renal biopsies from 
88 patients showed pauci-immune glomerulonephritis, 
with little or no deposition of immunoglobulin or comple-
ment detectable by immunofluorescence (IF) or electron 
microscopy (EM). In order to analyze the features of the 
five patients in detail, we selected two control groups by 
stratified random sampling for comparative analysis. Ten 
patients from the 88 pauci-immune AAV patients were 
chosen as one group. Another control group was ten IgAN 
patients who had renal biopsy in Xiangya Hospital from 
January 2021 to December 2021. Both two control groups 
were selected by stratified random sampling and met the 
following criteria: (1) at least ten glomeruli available for 
histological evaluation and (2) with matching proportions 
of crescentic glomeruli.

Renal pathology

Renal biopsy specimens of all patients were analyzed by two 
renal pathologists independently. According to glomerular 
lesions, renal injury was divided into four patterns, including 
sclerotic (≥ 50% globally sclerosed glomeruli), crescentic 
(≥ 50% cellular crescents), focal (≥ 50% normal glomeruli), 
and mixed (none of the above three types) [19]. The intersti-
tial infiltrates, tubulointerstitial injury score, and MEST-C 
score were used to evaluate the injury degree of glomeruli.

Statistical analysis

All data were analyzed by SPSS version 26.0. Statistical 
descriptions for normally distributed data were presented 
as mean and standard deviation (mean ± SD). Non-normal 
distribution data were expressed as median with interquartile 
range (IQR). All quantitative data of the patients in the two 
groups were compared by independent samples t test for 
normally distributed data and Mann–Whitney U test for non-
normally distributed data. Qualitative data were analyzed by 
chi-square test or Fisher’s exact test. A P value < 0.05 was 
considered to be statistically significant.

Literature review

Literature published about AAV/IgAN overlap cases were 
located using PubMed and Web of Science databases. The 
following MESH terms were used for searching: IgAN 
(glomerulonephritides IgA, IgA glomerulonephritis, 
immunoglobulin A nephropathy, and Berges disease) and 
ANCA-associated vasculitis (anti-neutrophil cytoplasmic 
antibody-associated vasculitis, anti-neutrophil cytoplasmic 
autoantibody, granulomatosis with polyangiitis, Wegener 
granulomatosis, ANCAc, proteinase 3 ANCA, PR3-ANCA, 
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microscopic polyangiitis, ANCAp, myeloperoxidase ANCA, 
and MPO-ANCA).

We summarized all case series and single-patient case 
reports which had the exact diagnosis of AAV and IgAN in 
the current review. Works of literature were excluded if they 
were not written in English.

Results

Clinical presentation and laboratory data of 5 AAV/
IgAN overlap cases

The laboratory data were summarized in Table  1. All 
patients were positive for ANCA. Antibodies against the 
glomerular basement membrane and lupus anticoagulant 
were both negative in all patients, while patients 1 and 3 
had positive antinuclear antibodies (ANA). Complement 
levels were normal in patients 2 and 5. Patients 3 and 4 had 
slightly increased sC4 levels. And the level of IgG in patient 
1 increased a little. Patients 1 and 4 had markedly elevated 
serum creatinine levels.

Two patients (nos. 4 and 5) had hypertension. The level 
of hemoglobin in three patients was low (patients 1, 4, and 
5: 68 g/L, 51 g/L, and 104 g/L respectively). All patients 

had microscopic hematuria. The values of quantification of 
proteinuria in five patients were all within the non-nephrotic 
range. The urinary protein level among three patients (nos. 
2, 3, and 4) was greater than 1 g/d. Patients 1 and 5 did not 
have these specific values assessed.

Histologic features

Renal biopsy findings are summarized in Table 2. The num-
ber of glomeruli in five biopsy specimens ranged from 10 
to 15. Glomeruli with crescent formation were observed in 
patients 1, 3, and 5. The range of the percentages of the scle-
rotic glomeruli in five patients was 0–71%. Only two patients 
(nos. 1 and 4) had 71% sclerotic glomeruli.

No fibrinoid necrosis, Bowman’s capsule rupture, granu-
lomatous lesions, and thrombosis were noted in any of the 
cases. Glomerular immunofluorescence revealed the inten-
sity of IgA immunostaining in renal biopsies from five 
patients was more than 2 + . The intensity of IgM staining 
ranged from 2 + to 4 + . All biopsy specimens indicated that 
obvious lesions were present in small arteries. The data 
about interstitial infiltrates, tubulointerstitial injury score, 
and MEST-C score were analogous in Table 2, showing that 
all patients had mild renal injury.

Table 1   Clinical and laboratory 
data of 5 AAV/IgAN overlap 
cases

Reference values: sC3: 790–1520 mg/L; sC4: 100–400 mg/L; IgA: 700–5000 mg/L; IgG: 7–16 g/L; IgM: 
400–2800  mg/L; Serum creatinine: 41–111 umol/L; Hemoglobin: Male: 120–160  g/L; Female: 110–
150 g/L Proteinuria: < 0.15 g/24 h; WBC: 3.5–9.5x109/L; RBC: 4.3–5.8x1012/L; Blood eosinophil count: 
0.02–0.52x109/L; Platelet:125–350x109/L; Serum albumin: 40–55 g/L; Serum globulin: 20–40 g/L; ESR: 
0 ~ 20 mm/h; CRP: 0 ~ 8 mg/L

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age (y)/sex 10/M 20/M 28/M 24/F 31/F
sC3 (mg/L) 989 1090 - 108 830
sC4 (mg/L) 334 256 442 466 170
IgA (mg/L) 2610 2570  −  1960  − 
IgG (g/L) 18.7 9.15  −  7.65 13.9
IgM (mg/L) 1360 778  −  1080 -
Serum creatinine (μmol/L) 251.8 94 108 365.5 76.09
BP (mm/Hg) 104/80 138/85 120/80 142/94 143/95
Hemoglobin (g/L) 68 156 121 51 104
Hematuria RBC/HPF  +   +   +   +   + 
Proteinuria (g/24 h)  −  2.66 1.96 1.18  − 
White blood cells (109/L) 8.7 8.3 5.8 4.6 6.49
Red blood cells (1012/L) 2.5 5.19 4.14 1.7 3.93
Blood eosinophil count(109/L) 0.3 0.15 0.1 0.2 0.24
Platelet (109/L) 339 294 247 231 302
Serum albumin (g/L) 34.4 38.5 39.9 37.3 39.07
Serum globulin (g/L)  −  26 33.4 32.2 21.41
eGFR (mL/min/1.73m2) 32.64 100.15 80.04 14.21 90.21
ESR (mm/h) 103 30 59 37  − 
CRP (mg/L) 7.05 6.38 14.5 4.3  < 3.14
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Light microscopy revealed lesions in the mesangium in 
renal biopsies from all patients. Figure 1 shows histology 
of representative glomeruli from patient 2. Hematoxylin 
and eosin (HE × 400) staining revealed diffuse mesangial 
hypercellularity (Fig. 1A). IF showed IgA staining was 
diffuse in the glomerular mesangium (Fig. 1B).

The detailed proof of diagnoses for both AAV 
and IgAN in each patient

As evident, the renal pathological characteristics of the 
five patients described above were consistent with the 
pathological diagnostic hallmarks of IgA nephropathy: the 

Table 2   Summary of renal biopsy findings

Mes, mesangial

Patient 1
10 y, M

Patient 2
20 y, M

Patient 3
28 y, M

Patient 4
24 y, F

Patient 5
31 y, F

Total glomeruli 14 15 10 14 13
Glomeruli with crescents 1 (7%) 0 (0%) 2 (20%) 0 (0%) 3 (23%)
Glomeruli with cellular 

crescents
1 0 0 0 1

Glomeruli with fibrocel-
lular crescents

0 0 2 0 2

Glomeruli with fibrous 
crescents

0 0 0 0 0

Number of sclerotic 
glomeruli

10 (71%) 6 (40%) 0 (0%) 10 (71%) 1 (8%)

Bowman’s capsule 
rupture

0 0 0 0 0

Granulomatous lesions 0 Interstitium 0 0 0
Glomeruli
  Endothelial swelling 0 0 1 0 1
  Fibrinoid necrosis 0 0 0 0 0
  Thrombotic microan-

giopathy
0 0 0 0 0

  Mesangial area Diffuse mesangial 
hypercellularity

Diffuse mesangial 
hypercellularity

Diffuse mesangial 
hypercellularity

Diffuse mesangial 
hypercellularity

Diffuse 
mesangial 
hypercellu-
larity

Small arteries
  Fibrinoid necrosis 0 0 0 0 0
  Pathological lesions Vessel wall thickening Granulomatous inflam-

mation
Vessel wall thickening, 

inflammatory cell 
infiltration

Mucoid degeneration Vessel wall 
thickening, 
luminal 
stenosis

Classification Sclerotic Mixed Focal Sclerotic Focal
Interstitial infiltrates 1 1 1 1 1
Tubulointerstitial injury 

score
1 1 1 3 1

Immunofluorescence
  IgA  +  +  + Mes  +  +  +  + Mes  +  + Mes  +  +  + Mes  +  +  + 
  IgG  −   −   −   −   + / − 
  IgM  +  +   +  +  + Mes  +  +   +  +  +  +   + 
  C3  +  +   −   −   +  +  +   + 
  C1q  −   −   −   +  +   − 
  MEST-C score M1E0S1T0C1 M1E1S1T0C0 M1E1S1T0C1 M1E0S1T2C0 M1E0S1T0C1
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predominance of IgA deposits in the glomerular mesangium 
by IF and the visible abnormalities in the mesangial area 
which can range from mesangial hypercellularity to severe 
proliferative glomerulonephritis with cellular crescents on 
light microscopy [20–22] (Table 2). The pathological diag-
nosis of IgAN was valid for every patient.

The diagnosis of MPA/GPA for each patient was made 
according to the hallmarks of kidney involvement, pulmo-
nary involvement, or other manifestations of systemic vas-
culitis or renal pathological lesions. The details were listed 
in Table 3 and described as follows:

Patient 1 had clinical manifestations including micro-
scopic hematuria and proteinuria. And he presented with 
extrarenal manifestations affecting the lung (diffuse infil-
tration in both lungs) and eyes (proptosis in the right eye). 
ANCA testing showed that perinuclear ANCA was posi-
tive and the titer of anti-MPO was 98 u/ml. Renal biopsy 
revealed the percentages of sclerotic glomeruli was 71%, 
and pathological lesions were observed in the small arter-
ies suggesting vessel wall thickening. Part of the glomeru-
lar capillaries showed sclerotic lesions. Inflammatory cell 
infiltration and fibrous tissue hyperplasia were obvious in 
the glomerular interstitium. In light of these features, the 
diagnosis of AAV could be reasonable.

Patient 2 presented with proteinuria (2.66 g/24 h) and 
mild depressed edema in both lower extremities. His com-
puter tomography revealed small nodules in the posterior 
basal segment of the right lower lobe. The titer of anti-PR3 
was 45 u/ml. In kidney biopsies, 6 of the 15 glomeruli were 
sclerotic glomeruli but no crescent formation in the glomer-
uli. However, endothelial hypercellularity was obvious in the 
glomerular capillary. Additionally, there was inflammatory 
cell infiltration, fibrous tissue hyperplasia, and granuloma-
tous lesions in the glomerular interstitium; and granuloma-
tous vasculitis was obvious in intrarenal small arteries. In 
light of these signs, we diagnosed this patient with ANCA-
associated vasculitis.

Osphyalgia, hematuria, and proteinuria were the clinical 
presentations leading to the admission of patient 3. Before 
these symptoms occurred, he had recurrent bloody nasal 

discharge and infection in the upper respiratory tract. Renal 
biopsy showed the percentage of crescentic glomeruli was 
20%. Endothelial hypercellularity was obvious in the glo-
merular capillary. The renal interstitium showed infiltration 
of plasma cells, monocytes, and lymphocytes, and fibrous 
tissue hyperplasia. The small arteries had apparent lesions 
including vessel wall thickening and fibrosis, endothelial 
hypercellularity, luminal stenosis, and perivascular inflam-
matory cell infiltration. The laboratory evaluation revealed 
he was positive for PR3-ANCA and c-ANCA. Taken 
together, these clinical manifestations and kidney pathologi-
cal features, patient 3 was considered to have AAV.

The diagnosis of AAV for patient 4 was made according 
to the result of renal biopsy revealing crescentic glomer-
ulonephritis and her positive result for P-ANCA in 2008. 
However, she did not receive standard treatment because 
of other comorbidities such as severe pneumonia, iron defi-
ciency anemia, and intracranial hemorrhage. Over the course 
of 8 years with an uncertain history of treatment, she had 
continuous increased creatinine. Eight years later, she pre-
sented with recurrent fatigue, cough, blood in the sputum, 
and mild depressed edema in both lower extremities. She 
was admitted to our hospital in 2016 and received a second 
renal biopsy. The result showed she had 10 (71%) sclerotic 
glomeruli but no crescentic glomeruli. So, the glomerular 
lesions in patient 4 appeared to be chronic lesions indicative 
of sclerosis. However, vessel wall thickening and mucoid 
degeneration could be seen in her renal small arteries. Fur-
thermore, interstitial lesions showed inflammatory cell infil-
tration and fibrous connective tissue hyperplasia. In view of 
these findings, the changes were indicative of acute lesions. 
The imaging data of patient 4 revealed diffuse infiltration in 
the bilateral lung and alveolar hemorrhage. Combined with 
the clinical presentation, pathological features, and positive 
result of p-ANCA, the diagnosis of AAV could be valid.

Patient 5 presented for the first time with a 2-month his-
tory of hematuria and proteinuria. She was p-ANCA-positive 
and anti-MPO-positive. Her chest CT image found no abnor-
mality. She underwent renal biopsy, and the results showed 
that 8% of glomeruli were sclerotic glomeruli and 23% of 

Fig. 1   Histology of representa-
tive glomeruli from patient 2. 
(A) Hematoxylin and Eosin 
(HE × 200) stain showing dif-
fuse mesangial hypercellular-
ity. (B) Immunofluorescence 
microscopy of the renal biopsy 
specimen demonstrated diffuse 
mesangial staining for IgA 
(original magnification × 200)
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glomeruli were crescentic glomeruli. The renal interstitium 
showed lesions with inflammatory cell infiltration and 
fibrous tissue hyperplasia. The walls of the small arteries 
were thickened and the lumen was narrowed. The pathologi-
cal changes indicated renal injury caused by ANCA-associ-
ated vasculitis and a diagnosis of microscopic polyangiitis 
was made.

According to the 2021 KDIGO CLINICAL PRACTICE 
GUIDELINE [23] and 2022 ACR/EULAR classification cri-
teria, [24–26] three patients could be diagnosed as having 
microscopic polyangiitis (MPA) and two having granuloma-
tosis with polyangiitis (GPA) (Table 3). The diagnoses of 
AAV and IgAN were defined concomitantly in four patients 
(nos. 1, 2, 3, and 5) during their first admission. Patient 4 
was diagnosed as having AAV during her first admission, 
and IgAN was diagnosed by the outcome of the second renal 
biopsy when she was readmitted to our hospital. The time 
interval between the two diagnoses was 8 years.

Treatment and follow‑up

The treatment and follow-up were summarized in Table 4. 
Induction and maintenance therapies were undertaken 
according to the KDIGO CLINICAL PRACTICE GUIDE-
LINE [23] and adjusted according to individual conditions.

Patient 1 received 300 mg methylprednisolone (MP) and 
discontinued it because of infection. Then he obtained oral 
prednisone (12.5 mg per day) and mycophenolate mofetil 
(0.5 g per day) after receiving anti-infection therapy for 
5 days. After receiving such treatment, his condition was 
controlled, and various renal function evaluation indicators 
decreased. However, 1 month later, an examination showed 
the level of proteinuria and serum creatinine increased con-
siderably again. When he was readmitted in our hospital, he 
received the standard treatment for AAV. MP (300 mg/d) 
for 3 days was administered to him and he quickly went into 
remission with a prescription of prednisone together with 
cyclophosphamide.

Patient 2 received immunosuppressive therapy with glu-
cocorticoids (methylprednisolone, 80 mg/day for 3 days; 

followed by oral prednisone 75 mg/day for 4 days, then 
40 mg/day for 7 days, then 30 mg/day tapered to 10 mg/
day by 1 month) and intravenous cyclophosphamide (1 g). 
He then went into remission and had a normal level of 
serum creatinine at the final date of follow-up.

It is of note that patient 3 had a 5-month history of pul-
monary tuberculosis. The dot-like, nodular, and cord-like 
increased density shadows could be seen in both lungs 
on his CT image. And during this episode, his tubercu-
losis was active again. Therefore, he received a low dose 
of prednisone (20 mg per day) together with antituber-
culosis drugs. He had a positive response to treatment 
and remained in stable remission for 48 months. At the 
final date of follow-up, the level of serum creatinine was 
85 umol/L; proteinuria and microscopic hematuria had 
disappeared.

Patient 4 was diagnosed with AAV in 2008 but she did 
not receive any standard treatment since her diagnosis. 
When she was readmitted to our hospital in 2016, she was 
diagnosed with AAV and IgAN. Then we made a treatment 
plan comprising of prednisone (50 mg per day for 2 weeks, 
then tapered to 25 mg/day, then 30 mg/day, then tapered to 
5 mg/day by month 3) combined with hydroxychloroquine 
then cyclophosphamide administered at weeks 16, 19, 21, 
and 24. However, she discontinued her therapy because 
of the aggravation of the condition in the eighth week. 
Her renal function decreased dramatically which led her 
to begin peritoneal dialysis treatment and remained dialy-
sis-dependent. At the final date of follow-up, the value of 
serum creatinine was 763.6 umol/L.

Patient 5 obtained prednisone (55 mg/day for 5 days; 
followed by 20 mg/day for 1 month then tapered to 15 mg/
day after 1 month, then 10 mg/day at 3 months, and finally 
5 mg/day from 5 to 12 months), mycophenolate mofetil 
(1.5 g/day for 13 months), and hydroxychloroquine (0.2 g/
day for 4 months). The follow-up time of patient 5 was 
12 months and her serum creatinine level was normal.

Table 4   The treatment and follow-up of five cases 

CYC​ cyclophosphamide, MP methylprednisolone, Pred prednisone, MMF mycophenolate mofeti, HCQ hydroxychloroquine

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Treatment MP; Pred; MMF; 
CYC​

MP; CYC; Pred Pred Pred; HCQ Pred; MMF; HCQ

Follow-up time (month) 36 14 48 36 13
Renal survival 36 14 48 ESRD (at the second 

month)
13

Patient survival Alive Alive Alive Alive Alive
Dialysis-dependent No No No PD No
Scr at latest follow-up (μmol/L) Normal  < 100 85 763.6 76.9
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Comparison between patients with coexistence 
of AAV and IgAN and AAV patients

The baseline clinical data among patients with the coexist-
ence of AAV and IgAN and AAV patients at the time of 
biopsy are shown in Table 5. The patients with coexistence 
of AAV and IgAN were younger than the pauci-immune 
AAV patients (22.6 ± 8.2 years versus 48.9 ± 15.7 years, 
respectively, P = 0.004). Patients in the AAV/IgAN group 

also had a trend toward a lower white blood cell count com-
pared with pauci-immune AAV patients (P = 0.058). There 
were no significant statistical differences in hemoglobin, 
platelet, serum creatinine, estimated glomerular filtration 
rate (eGFR), urine protein, complement (C3, C4), or BVAS 
between the groups. The follow-up time of all patients in this 
study was at least 1 year ranging from 12 to 78 months. After 
immunosuppressive therapy, the same percentage of patients 
(80%) in the two groups achieved remission.

Table 5   Comparison of clinical 
data and outcome in AAV/
IgAN overlap patients and AAV 
patients

a Patient 3 and one patient in AAV group did not have the value of C3
b One patient in AAV group did not have the value of C4
c Patient 5 did not have the values of ESR and CRP

AAV/IgAN AAV P value

Case number 5 10 -
Age (y) 22.6 ± 8.2 48.9 ± 15.7 0.004
Male (n, %) 3, 60.0 6, 60.0 1.000
WBC (109/L) 6.8 ± 1.7 11.0 ± 4.3 0.058
Hemoglobin (g/L) 100.0 ± 41.9 86.0 ± 18.2 0.508
Platelet (109/L) 282.6 ± 43.6 359.4 ± 168.5 0.203
Serum albumin (g/L) 37.8 ± 2.1 42.6 ± 13.4 0.298
Serum creatinine (μmol/L) 179.1 ± 125.4 201.5 ± 146.7 0.776
eGFR (mL/min/1.73m2) 80.0 (23.4, 95.2) 40.2 (20.1, 69.7) 0.391
Urine protein (g/24 h) 1.96(1.18, −) 1.33 (0.335, 2.755) 0.405
C3a (mg/dL) 754.3 ± 443.9 876.7 ± 231.3 0.517
C4b (mg/dL) 333.6 ± 124.6 252.0 ± 89.5 0.179
ESRc (mm/h) 57.3 ± 32.9 63.0 ± 35.7 0.786
CRPc (mg/L) 6.7 (4.8, 12.6) 9.7 (3.1, 51.3) 0.777
Anti-MPO/p-ANCA (n, %) 3, 60.0 9, 90.0 0.242
BVAS 19.0 (9.5, 23.0) 16.5 (10.0, 18.0) 0.324
Outcome
Remission (n, %) 4, 80.0 8, 80.0 1.000
Dependent on dialysis (n, %) 1, 20.0 2, 20.0
Death (n, %) 0, 0.0 0, 0.0 -

Table 6   Comparison of 
pathologic parameters in AAV/
IgAN overlap patients and AAV 
patients

AAV/IgAN AAV P value

Glomeruli with crescents (%) 10.0 ± 11.0 10.1 ± 6.7 0.995
Glomeruli with cellular crescents (%) 0.0 (0.0, 7.4) 0.0 (0.0, 7.5) 0.884
Glomeruli with fibrocellular crescents (%) 0.0 (0.0, 17.7) 0.0 (0.0, 3.8) 0.423
Glomeruli with fibrous crescents (%) 0.0 (0.0, 0.0) 4.0 (0.0, 8.7) 0.038
Global sclerosis (%) 38.1 ± 33.9 28.1 ± 25.6 0.533
Presence of fibrinoid necrosis (%) 0.0 (0.0, 0.0) 0.0 (0.0, 0.9) 0.301
Classification, n%
  Focal 2, 40.0% 4, 40.0% 0.406
  Mixed 1, 20.0% 4, 40.0%
  Crescentic 0, 0.0% 1, 10.0%
  Sclerotic 2, 40.0% 1, 10.0%

Interstitial infiltrates (n, 0/1/2/3) 0/5/0/0 0/7/2/1 0.188
Tubulointerstitial lesions (n, 0/1/2/3) 0/4/0/1 0/7/2/1 0.813
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The result of the comparison between the renal patho-
logic data of the two groups was listed in Table 6. The per-
cent of glomeruli with fibrous crescents in pauci-immune 
AAV patients was significantly higher than the AAV/IgAN 
overlap cases (4.0% versus 0.0%, P = 0.038). There were no 
statistical differences between the two groups in other renal 
pathologic parameters.

Comparison between patients with the coexistence 
of AAV and IgAN and IgAN patients

Table 7 showed the comparison of clinical and histologi-
cal data between AAV/IgAN overlap patients and IgAN 
patients. Ten IgAN patients all had a normal level of platelet 
and C4. The levels of platelet and C4 in IgAN groups were 
lower than that in AAV/IgAN overlap groups (282.6 ± 43.6 
versus 214.8 ± 50.7, P = 0.024; 333.6 ± 124.6 versus 
223.1 ± 73.1, P = 0.047, respectively). The levels of ESR and 
CRP were higher in AAV/IgAN overlap cases (P = 0.032, 
P = 0.031, respectively) when compared with IgAN patients. 
There were no significant differences in age, white blood cell 
count, hemoglobin, serum creatinine, estimated glomerular 

filtration rate (eGFR), urine protein, and C3 between these 
two groups.

The comparison between the renal pathologic data of 
the two groups was listed in Table 7. The Oxford classifi-
cation of IgA nephropathy was used for the assessment of 
glomerular disease in all patients. The only difference in 
MEST-C scores was the E score. The percentage of patients 
with a score of E1 was significantly higher in IgAN group 
than that in AAV/IgAN overlap group (100% versus 40%, 
P = 0.022). There were no significant differences between 
the two groups in other renal pathologic parameters.

Literature review of AAV‑IgAN case reports and case 
series

So far, we retrieved eight studies with a total of 11 cases 
involving AAV/IgAN overlap syndrome from PubMed 
and Web of Science databases [11–18]. The clinical and 
pathologic parameters of the 11 cases are listed in Table 8. 
Three of the 11 patients are female; the ages ranged from 
13 to 83 (49.18 ± 20.80). These 11 patients did not have 
the same characteristic as our patients, which was on the 

Table 7   Comparison between 
AAV/IgAN overlap patients and 
IgAN patients: clinical data and 
histological data

a Patient 3 did not have the value of C3
b Patient 5 and two patients in IgAN group did not have the value of ESR
c Patient 5 and one patient in IgAN group did not have the value of CRP

AAV/IgAN IgAN P value

Case number 5 10 -
Age (y) 22.6 ± 8.2 27.3 ± 10.7 0.758
Male (n, %) 3, 60.0 4, 40.0% 0.608
WBC (109/L) 6.8 ± 1.7 7.0 ± 1.8 0.837
Hemoglobin (g/L) 100.0 ± 41.9 120.7 ± 15.3 0.338
Platelet (109/L) 282.6 ± 43.6 214.8 ± 50.7 0.024
Serum albumin (g/L) 37.8 ± 2.1 36.7 ± 4.6 0.615
Serum creatinine (μmol/L) 179.1 ± 125.4 112.6 ± 83.6 0.221
eGFR (mL/min/1.73m2) 80.0 (23.4, 95.2) 101.4 (53.0, 120.7) 0.263
Urine protein (g/24 h) 1.96(1.18, −) 2.6 (0.9, 3.8) 0.635
C3a (mg/dL) 754.3 ± 443.9 823.0 ± 151.8 0.780
C4 (mg/dL) 333.6 ± 124.6 223.1 ± 73.1 0.047
ESRb (mm/h) 57.3 ± 32.9 23.8 ± 15.2 0.032
CRPc (mg/L) 6.7 (4.8, 12.6) 1.9 (1.4, 2.5) 0.031
Glomeruli with crescents (%) 10.0 ± 11.0 10.9 ± 3.2 0.870
Glomeruli with cellular crescents (%) 0.0 (0.0, 7.4) 4.6 (0.0, 8.3) 0.447
Glomeruli with fibrocellular crescents (%) 0.0 (0.0, 17.7) 1.8 (0.0, 11.3) 0.842
Glomeruli with fibrous crescents (%) 0.0 (0.0, 0.0) 0.0 (0.0, 3.8) 0.189
Global sclerosis (%) 38.1 ± 33.9 21.6 (9.1, 31.8) 0.668
M1/M2 (n, %) 5/0 (100.0/0.0) 9/1 (90.0/10.0) 1.000
E0/E1 (n, %) 3/2 (60.0/40.0) 0/10 (0.0/100.0) 0.022
S0/S1 (n, %) 0/5 (0.0/100.0) 1/9 (10.0/90.0) 1.000
T0/T1-2 (n, %) 4/1 (80.0/20.0) 9/1 (90.0/10.0) 1.000
C0/C1-2 (n, %) 2/3 (40.0/60.0) 0/10 (0.0/100.0) 0.095
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younger side of onset age. The number of organs involved 
for these cases was much more than our patients, as ten of 
the 11 patients had more than one organ involved. However, 
both our patients and the reported cases had microscopic 
hematuria. The response to treatment presented well in all 
patients. For the reported cases, only one of the 11 patients 
died of multiple organ failure. And the rest of the patients 
all responded effectively to treatment and achieved partial or 
complete remission. Our cases were in line with this result 
because only one patient progressed to ESRD. The reason 
why she had a worse renal outcome may be because she 
did not receive effective treatment since her first diagnosis 
and had the lowest serum C3 level at the second admission 
(Table 1).

Discussion

AAV patients with renal involvement commonly presented 
as “pauci-immune” focal necrotizing (and crescentic) glo-
merulonephritis with little or no immune deposition or 
complement in the glomeruli [1]. However, an increasing 
number of articles have reported immunocomplex deposition 
in the glomeruli of AAV patients [27, 28]. IgAN patients 
with ANCA positivity were described in quite a few studies, 
too [4–9]. The connection between AAV and IgAN is still 
not clear. The related literature mainly reported the follow-
ing conditions: patients with the co-occurrence of AAV and 
IgAN, AAV patients with IgA deposition, and IgA nephrop-
athy patients with serum positive ANCA.

Yanhong et al. found 26 of the 168 AAV patients had glo-
merular IgA deposition [10]. There were 55 IgAN patients 
with serum ANCA positivity in the studies of Yang et al. 
and Xie et al. [6, 7]. We screened 151 AAV patients and 
found five patients could be diagnosed as having IgAN 
simultaneously because of the presence of IgA-dominant or 
co-dominant immune deposits and the manifest lesions in 
the glomerular mesangium. Actually, some patients could 
be diagnosed as AAV and IgAN among the reported 81 
patients mentioned above. In this paper, we further identi-
fied 11 other case reports of AAV and IgAN by searching in 
PubMed and Web of Science databases. To the best of our 
knowledge, our study is the first study to analyze the patients 
with a co-occurrence of AAV and IgAN by comparing them 
with AAV patients who had pauci-immune glomerulone-
phritis up to now.

The typical age of onset of AAV patients in our hospital 
is 56.70 ± 15.65 years [29]. The patients with co-occurrence 
of AAV and IgAN in this study were significantly younger. 
This finding was confirmed by comparison with the control 
group (22.6 ± 8.2 years versus 48.9 ± 15.7 years, respec-
tively, P = 0.004). However, the 11 previously reported cases 
(49.18 ± 20.80) did not have a younger age of onset as our Re
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patients. Both our patients and the previously reported cases 
had microscopic hematuria. Renal involvement was seen in 
all of our patients, but only three patients had multiple organ 
involvement, in contrast to reported cases in which multiple 
organ involvement was reported in almost 90.9% (10/11) 
of the patients. The clinical data, such as serum creatinine, 
eGFR, CRP, ESR, and the level of complement, did not 
show any increasing or decreasing tendencies in common 
(Tables 1 and 8). After accepting treatment with a com-
bination of steroid and immunosuppressants, all patients 
showed a positive response to therapy (except our patient 4 
and reported patient 6).

Compared with ten AAV patients with pauci-immune 
glomerulonephritis, AAV/IgAN overlap patients had a lower 
white blood cell count (P = 0.058). Pauci-immune AAV 
patients had a higher percentage of crescentic glomeruli 
compared with our patients. But the other clinical and patho-
logical parameters were quite similar between patients with 
the coexistence of AAV and IgAN and pauci-immune AAV 
patients. Furthermore, Yang, et al. found that the clinical 
features were quite similar between ANCA-positive IgAN 
patients and pauci-immune AAV patients [6]. However, Ma 
et al. found the patients with IgA deposition had lower eGFR 
levels, a higher percentage of crescent formation, a tendency 
toward more proteinuria, and worse renal outcome compared 
with those pauci-immune AAV patients [10].

Compared with ten IgAN patients, AAV/IgAN overlap 
patients had higher levels of ESR (P = 0.032) and CRP 
(P = 0.031). Yang et al. [6] also observed that ANCA-posi-
tive IgAN patients had higher levels of ESR and CRP when 
compared with ANCA-negative IgAN patients. In addition, 
the comparison between the renal pathologic data of the 
two groups revealed no significant differences in our study, 
except for the E score in MEST-C scores.

The pathogenesis of the coexistence of AAV and IgAN 
remains poorly defined. Ma et al. found that the alternative 
complement pathway was present in patients with IgAN and 
those with AAV with or without IgA deposition. However, 
patients in the AAV and IgA deposition group activated 
the classical complement pathway which was distinct from 
patients in the pauci-immune AAV or IgAN groups. There-
fore, it is possible that the activation of the classical com-
plement pathway may be linked to the pathogenesis of the 
co-occurrence of AAV and IgAN [10].

The levels of tumor necrosis factor-α, soluble forms of 
intercellular adhesion molecule 1, and urinary interleu-
kin-8 were increased in patients with acute or worsening 
IgAN [30–32]. These cytokines could activate polyclonal 
B cells and augment the formation of ANCA [14]. There-
fore, the ANCA seropositivity in ANCA-positive IgAN 
patients may be promoted by the pro-inflammatory envi-
ronment caused by IgA deposits. However, the presence 

of ANCA was rarely seen in IgAN patients who were at 
the stage of acute onset or exacerbation [6]. Thus, the 
relationship between IgA deposits and an increase in 
ANCA titer remains elusive and needs further study.

In our study, the diagnoses of AAV and IgAN were 
defined concomitantly in four patients (nos. 1, 2, 3, and 
5) during their first admission. And since onset, the clini-
cal presentation was quite similar to pauci-immune AAV 
patients. These indicated that the coexistence of two dif-
ferent pathological processes (IgAN and pauci-immune 
AAV) may be a coincidence. However, we observed that 
the age of AAV patients coexisting with IgAN was signifi-
cantly younger than that of AAV patients. Therefore, it is 
plausible that there may be a causal relationship between 
AAV and IgAN.

Our study had several limitations. First, the patho-
genesis of the co-occurrence of AAV and IgAN remains 
unclear. Second, most patients with the co-occurrence 
of AAV and IgAN enrolled in this study were diagnosed 
simultaneously by kidney biopsy, pulmonary involvement, 
or other manifestations of systemic vasculitis. We cannot 
rule out the possibility that AAV may develop first and 
then IgAN or vice versa. Third, as a growing number of 
cases are being reported in the clinic, more research with 
larger sample sizes is still warranted.

In conclusion, we described the clinical presentation, 
pathologic features, treatment response, and outcome 
data of five patients with overlapping of AAV and IgAN, 
and found that they had a positive response to aggressive 
immunosuppressive therapy.

Compared with pauci-immune AAV patients, they 
were younger and had a lower percentage of glomeruli 
with fibrous crescents. In contrast to IgAN patients, they 
had higher levels of ESR and CRP. The mechanism of the 
coexistence of IgAN and AAV needs further study.
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