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Abstract. A 58‑year‑old male patient was admitted to Peking 
University First Hospital (Beijing, China) due to recurrent 
hematuria, proteinuria and kidney dysfunction. The patient 
was positive for proteinase‑3 (PR3)‑antineutrophil cytoplasmic 
antibody (ANCA). Pathology of the kidney showed focal 
proliferative necrotizing glomerulonephritis with crescent 
formation and immune complex‑mediated glomerulonephritis. 
The patient was diagnosed with PR3‑ANCA‑associated vascu‑
litis (AAV), received intensive immunosuppressive therapy 
and experienced two relapses within 1 year. After admission, 
aortic valve vegetation was observed via echocardiography. 
The patient subsequently received antibiotic treatment and 
valve replacement, and achieved complete remission of kidney 
and cardiac function. The present case emphasized the impor‑
tance of identifying secondary reasons for ANCA formation, 
especially infective endocarditis in patients with PR3‑AAV.

Introduction

Antineutrophil cytoplasmic antibody (ANCA)‑associated 
vasculitis (AAV) is a group of autoimmune diseases charac‑
terized by necrotizing vasculitis of small vessels, including 
microscopic polyangiitis, granulomatosis with polyangiitis 
and eosinophilic granulomatosis with polyangiitis; for these 
diseases, ANCAs targeting proteinase‑3 (PR3) or myeloper‑
oxidase are important diagnostic markers (1,2).

ANCA can also be detected in some patients with infec‑
tious diseases such as subacute infective endocarditis, human 
immunodeficiency virus (HIV) infection, chronic hepatitis B 
virus infection and tuberculosis (3‑6). It is crucial to distin‑
guish infections from AAV, as they have completely different 
treatments and immunosuppressive drugs for primary vascu‑
litis can worsen infectious diseases (6).

The present study reports a patient who presented with 
rapidly progressive glomerulonephritis (RPGN) due to 
PR3‑AAV. The patient experienced two relapses of acute 
kidney injury and was ultimately diagnosed with subacute 
infective endocarditis after 1 year. Valve replacement surgery 
and antibiotic treatment achieved complete remission of both 
kidney and cardiac function.

With the current case, the present study aimed to empha‑
size the importance of identifying the causes of secondary 
AAV to improve the understanding of the disease by clinicians, 
preventing misdiagnosis and missed diagnosis, and providing 
experience for its clinical diagnosis and treatment.

Case report

A 58‑year‑old male patient who had a history of hypertension 
for 6 years was admitted to Peking University First Hospital 
(Beijing, China) in December 2017 due to hematuria, protein‑
uria and kidney dysfunction for 1 year and dyspnea for 2 
weeks.

The patient presented with fatigue and anorexia 1 
year beforehand (August 2016). Urinalysis revealed 50‑70 
deformed red blood cells (normal range, 0‑3) per high‑power 
field. Urinary protein excretion was 0.51 (normal range, 
<0.15) g/day and the serum albumin concentration was 33.2 
(normal range, 40‑55) g/l. The serum creatinine (SCr) concen‑
tration was 209 (normal range, 44‑133) µmol/l. The white 
blood cell count of the patient was 6.2 (normal range, 3.5‑9.5) 
x109/l and the neutrophil count was 3.6 (normal range, 1.8‑6.3) 
x109/l. C‑reactive protein (CRP) was 13.4 (normal range, 
0‑8) mg/l, and the erythrocyte sedimentation rate (ESR) was 
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60 (normal range, 0‑15) mm/h. The serum c‑ANCA concen‑
tration was 1:32 (serum:diluent; normal range, negative), and 
the anti‑PR3 antibody concentration was >200 (normal range, 
<20) RU/ml. The rheumatoid factor (RF) concentration was 
155 (normal range, <30) IU/ml, and the circulating immune 
complex (CIC) concentration was 147.1 (normal range, <20) 
RU/ml. The IgG concentration was 35.1 (normal range, 
7.2‑16.8) g/l, and the complement C3 concentration was 0.507 
(normal range, 0.6‑1.5) g/l. Antinuclear antibody (IIF) and 
anti‑glomerular basement membrane (GBM) antibody were 
negative. Hepatitis B, hepatitis C, syphilis and HIV screening 
were negative. Kidney pathology revealed focal proliferative 
necrotizing glomerulonephritis accompanied by crescent 
formation and immune complex‑mediated glomerulonephritis 
(Fig. 1A). Immunofluorescence staining of frozen tissues was 
performed to detect IgG (Fig. 1Aa) and C3 (Fig. 1Ab), and was 
evaluated under a fluorescence microscope as described previ‑
ously (7). Kidney biopsy specimens were fixed in 4% buffered 
formaldehyde at 4˚C for at least 4 h for light microscopy as 
described previously (8). Paraffin‑embedded kidney sections 
(3 µm) were used for histologic staining, including periodic 
acid‑silver methenamine and Masson trichrome staining 
(Fig. 1Ac) and periodic acid‑Schiff staining (Fig. 1Ad) as 
described previously (7). Approximately 1 cm3 of cortical renal 
tissue was taken, fixed with 3% glutaraldehyde, postfixed in 
1% osmium acid, dehydrated with a graded acetone series and 
then embedded in epoxy resin. Tissues were then sliced into 
80‑nm ultrathin sections and analyzed using the JEM‑1400 
transmission electron microscope (Fig.  1Ae  and  Af) as 
described previously  (9). Echocardiography revealed no 
vegetation (Fig. 2A). The patient was treated with a methyl‑
prednisolone pulse (500 mg/d x 3 days) two times, followed by 
prednisone 50 mg/d for ~1 month, combined with intravenous 
cyclophosphamide 0.6 g/month six times. After 1 month, the 
SCr concentration decreased to 136 µmol/l, anti‑PR3 antibody 
level decreased to 154 RU/ml and the general condition of 
the patient improved, with a Barthel activities of daily living 
(ADL) index score of 100  (10). Prednisone was gradually 
reduced to 20 mg/d and cyclophosphamide accumulated 3.6 g.

In March 2017, the patient had experienced recurrent 
fatigue, anorexia and gross hematuria. Urinary protein excre‑
tion was 2.4 g/d. SCr increased from 141 to 328 µmol/l. The 
hemoglobin level of the patient decreased from 104 to 82 
(normal range, 130‑175) g/l, CRP level rose from 3 to 12 
mg/l and ESR was 65 mm/h. The white blood cell count was 
6.3x109/l, and the neutrophil count was 5.1x109/l. The anti‑PR3 
antibody concentration was 156 RU/ml. The patient was 
positive for cryoglobulin, monoclonal IgM λ and polyclonal 
IgG. RF was 50 IU/ml. C3 was 0.141 g/l and C4 was 0.103 
(normal range, 0.12‑0.36) g/l. No obvious abnormalities were 
found in the bone marrow. Echocardiography also revealed 
no vegetation. Kidney pathology was repeated and revealed 
AAV‑associated kidney injury and proliferative glomeru‑
lonephritis (Fig. 1B). Kidney biopsy specimens were fixed 
in 4% buffered formaldehyde at 4˚C for at least 4 h for light 
microscopy as described previously (8). Paraffin‑embedded 
kidney sections (3 µm) were used for histologic staining, 
including periodic acid‑silver methenamine and Masson 
trichrome staining (Fig. 1Ba) and Masson trichrome staining 
(Fig. 1Bb) as described previously (7). Approximately 1 cm3 

of cortical renal tissue was taken, fixed with 3% glutaralde‑
hyde, postfixed in 1% osmium acid, dehydrated with a graded 
acetone series and then embedded in epoxy resin. Tissues 
were then sliced into 80‑nm ultrathin sections and analyzed 
using the JEM‑1400 transmission electron microscope 
(Fig. 1Bc and Bd) as described previously (9). The patient 
received two rounds of methylprednisolone pulse therapy, 3 L 
of plasma exchange every other day for six cycles, and two 
rounds of intravenous rituximab for a total of 600 mg (one 
100 mg and another 500 mg 2 weeks later). Subsequently, the 
SCr concentration of the patient decreased to 170 µmol/l in 
May 2017 and then to 99 µmol/l in August 2017. Cryoglobulin 
testing became negative. RF was 25 IU/ml. C3 was 0.678 g/l, 
and C4 was 0.211 g/l. The patient's hemoglobin rose to 114 g/l. 
The anti‑PR3 antibody test was negative. The number of total 
B cells was <5/µl. The patient's general condition improved, 
the Barthel ADL index score of the patient was 100 and pred‑
nisone was decreased to 7.5 mg/d.

At 2 weeks prior to this admission in December 2017, the 
patient developed dyspnea, orthopnea, nausea, anorexia and 
gross hematuria. Urinary protein excretion was 0.27 g/d (urine 
volume, 150 ml). Urinalysis revealed 100 red blood cells and 80 
white blood cells (normal range, 0‑5) per high‑power field. The 
patient's white blood cell count was 23.4x109/l, the neutrophil 
count was 19.8x109/l, the hemoglobin level was 108 g/l and the 
platelet count was 184 (normal range, 125‑350) x109/l. CRP 
was 20 mg/l. The procalcitonin (PCT) level of the patient was 
4.03 (normal range, <0.05) ng/ml. Alanine aminotransferase 
was 645 (normal range, 9‑50) U/l, aspartate aminotransferase 
was 705 (normal range, 15‑40) U/l, albumin was 28.2 g/l 
and SCr was 191 µmol/l, lactate dehydrogenase was 2,220 
(normal range, 100‑240) IU/l, cardiac troponin (CTnI) was 
0.76 (normal range, 0‑0.03) ng/ml and brain natriuretic peptide 
was 2,988 (normal range, <100) pg/ml. The patient was treated 
with 40 mg/d methylprednisolone and admitted to Peking 
University First Hospital (Beijing, China) in December 2017.

On admission, the body temperature of the patient was 
36.5˚C, his blood pressure was 90/60 mmHg and heart rate was 
110 beats/min. The patient's body weight was 55 kg and BMI 
was 19 kg/m2. The conjunctiva was pale. There was no disten‑
sion in the jugular vein. The breathing sounds in both lower 
lungs were weak with wet rales. The left cardiac boundary was 
enlarged, and S3 and III/6 systolic murmurs were heard in the 
apical area. The liver was palpable 3 cm under the right rib. 
There was mild tenderness under the xiphoid process, without 
rebound pain, and shifting dullness was present. There was no 
edema in either lower limb.

The patient was positive for type II cryoglobulin. C3 was 
<0.058 g/l, C4 was <0.032 g/l and C1q was 116.5 (normal 
range, 159‑223) mg/l. ANCA, antinuclear antibody (IIF), 
anti‑β2‑glycoprotein 1 antibody (ELISA), anticardiolipin 
antibody (ELISA) and anti‑GBM antibody were negative. 
The IgG, IgA and IgM levels were within the normal range. 
The ESR was 21 mm/h. Infection screening, which included 
bacteria, fungi and viruses and was performed on serology and 
specimens, including sputum, stool and urine, was negative. 
Due to the long‑term use of steroids and immunosuppressants 
and the high leukocyte, neutrophil counts and PCT, the patient 
received 1.5 g of intravenous cefoperazone‑sulbactam every 
12 h. Blood culture (after intravenous cefoperazone‑sulbactam 
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Figure 1. Kidney pathology of the patient. (A) At the first kidney pathology, immunofluorescence showed granular deposits of (Aa) IgG++ (magnification, x200) 
and (Ab) C3+++ (magnification, x200) in the mesangial area and along capillary walls. Light microscopy at a magnification of (Ac) x100 (periodic acid‑silver 
methenamine and Masson trichrome staining) and (Ad) x200 (periodic acid‑Schiff staining) showed serious damage to glomerular capillary loops, including 
four segmental fibrinoid necroses with small cellular crescents, two cellular crescents, 11 fibrocellular crescents, one fibrous crescent, four small fibrocellular 
crescents and six small fibrocellular crescents in a total of 59 glomeruli. The remaining 31 glomeruli showed mild segmental mesangial hypercellularity. The 
tubules presented with epithelial cell vacuolation, focal brush margin shedding and most of the erythrocytes were cast. Focal lymphoid and monocyte infiltra‑
tion and a small amount of neutrophil infiltration were observed in the interstitium. Transmission electron microscopy (magnification, x8,000) showed (Ae) 
segmental endothelial cell proliferation, massive electron dense deposits in the mesangial area (arrow), (Af) segmental loose layer widening in the basement 
membrane and segmental fusion of the epithelial foot processes (arrow). (B) At the second kidney pathology, immunofluorescence showed granular deposits of 
IgM++ and C3+++ in the mesangial area. Light microscopy at a magnification of (Ba) x100 (periodic acid‑silver methenamine and Masson trichrome staining) 
and (Bb) x200 (Masson trichrome staining) showed 24 glomeruli, including three fibrous crescents with sclerosis, one fibrocellular crescent and five small 
fibrocellular crescents. The remaining glomeruli showed slight diffuse hyperplasia of the mesangial cells and matrix, with focal segmental aggravation and 
fuchsinophilic deposition. Segmental endothelial cell proliferation. The tubules presented with epithelial cell vacuolation and granular degeneration, focal 
brush margin shedding and red blood cell and protein casts. The interstitium was focally infiltrated with lymphocytes and mononuclear cells. Transmission 
electron microscopy (magnification, x6,700) showed (Bc) no electronic dense deposits, (Bd) segmental loose layer widening in the basement membrane, and 
extensive fusion of the epithelial foot processes (arrow).
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at 1.5 g every 12 h for one week) was negative three times. 
Echocardiography (Fig. 2B) revealed vegetation on the aortic 
valve. The patient denied a history of intravenous illicit drug 
use. After careful questioning it was revealed that the patient 
had a history of tooth extraction without antibiotics 1 year 
prior.

The patient was diagnosed with PR3‑AAV secondary to 
subacute infective endocarditis, accompanied by cryoglobu‑
linemia. The patient received hemodialysis and was treated 
with intravenous cefoperazone‑sulbactam at 1.5 g every 12 h 
for 1 month before surgery. The glucocorticoid was reduced 
to 10 mg/d. Mitral valve and aortic valve replacement and 
coronary artery bypass grafting were performed. Pathology 
revealed fibrous hyperplasia with calcification and tissue 
degeneration in the valve tissue, which was locally covered with 
endothelial cells. The vegetation culture test was also negative. 
Postoperatively, the patient continued to receive intravenous 
antibiotic treatment for 1 month, which included cefopera‑
zone‑sulbactam at 1.5 g every 12 h for 1 week, biapenem at 
0.3 g every 12 h for 2 weeks and piperacillin‑sulbactam at 
2.5 g every 12 h for 1 week. At 1 week after surgery, echocar‑
diography showed a normal left ventricular ejection fraction 
(55.5%), mild tricuspid regurgitation and mild pulmonary 
hypertension. After 3 weeks, the SCr level was normal. The 
patient's cardiac function recovered to Grade I (New York 
Heart Association grade) (11). Glucocorticoid and immuno‑
suppressants were all stopped.

Discussion

The present study is a case of refractory PR3‑AAV in which 
the patient experienced two relapses within 1  year under 
intensive glucocorticoid therapy, immunosuppressive therapy 
and plasma exchange. The features of cryoglobulinemia, 
hypocomplementemia and obvious cardiac insufficiency 
suggested secondary reasons for AAV, and echocardiography 
resulted in the diagnosis of aortic valve vegetation. Antibiotic 
treatment and valve replacement surgery (according to the 
guidelines of European Society of Cardiology and Chinese 

Society of Cardiology) achieved complete remission of kidney 
and cardiac dysfunction in the absence of glucocorticoid and 
immunosuppressants. The present case demonstrated that 
identifying AAV driven by infections is of importance for 
preventing the exacerbation of infections caused by immuno‑
suppressive drugs.

The differential diagnosis of secondary AAV from 
primary AAV can be challenging, especially for subacute 
infective endocarditis in which ~25% of the patients with 
RPGN are initially considered to have primary vascu‑
litis  (12). However, distinguishing AAV secondary to 
infection is highly valuable because of the entirely different 
therapies and outcomes used (12‑14). In the present study, 
the patient was first diagnosed with primary PR3‑AAV 
according to the 2012 Revised International Chapel Hill 
Consensus Conference Nomenclature of Vasculitides  (1), 
based on crescent formation in the glomeruli, PR3‑ANCA in 
the circulation and negative results from echocardiography 
and other screenings for malignancies or drugs. The patient 
received intensive treatment comprising steroids, immu‑
nosuppressants and plasma exchange, but experienced two 
relapses within 1 year.

There were several hints in the present case of 
PR3‑AAV secondary to subacute infective endocarditis. i) 
Hypocomplementemia is not common in primary AAV (15). 
Although complement activation has been demonstrated 
to participate in the AAV mechanism  (16) and therapies 
targeting C5 have achieved effectiveness in clinical trials (17), 
the circulating levels of C3 and C4 are mostly within the 
normal range in primary AAV (15). The reductions in C3 
and C4, together with the increase in the circulating immune 
complex and in the amount of immune complex deposits in 
the glomeruli, prompted possible infections in the current 
patient. ii) Cryoglobulinemia is rare in primary AAV. Type II 
cryoglobulin was detected in the current patient, which is 
often due to chronic infections or malignancies  (18). The 
bone marrow and lymph nodes were screened, and the results 
were negative. Hepatitis, syphilis, HIV and tuberculosis were 
also negative. Thus, subacute infective endocarditis was 

Figure 2. Cardiac ultrasonography of the patient. (A) At the time of disease onset, cardiac ultrasonography showed left ventricular symmetrical hypertrophy, 
moderate aortic regurgitation, aortic valve sclerosis/calcification (no aortic valve vegetation, arrow), mild aortic stenosis, mild mitral and tricuspid regurgitation 
and a normal left ventricular ejection fraction. (B) Approximately 1 year later, cardiac ultrasonography revealed aortic and mitral valve disorders, aortic valve 
vegetation (arrow), moderate to severe aortic regurgitation, mild aortic stenosis, severe mitral regurgitation, left atrium and left ventricular enlargement, left 
ventricular symmetrical hypertrophy, a normal left ventricular ejection fraction (62.3%), mild tricuspid regurgitation and elevated pulmonary systolic pressure.
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suspected to be the cause of the patient's cryoglobulinemia. 
iii) Pericarditis, myocarditis and abnormal conduction have 
been reported in patients with cardiac involvement of primary 
AAV, but valve lesions are rare  (19‑22). According to the 
literature review by Chirinos et al (15), the most common 
echocardiographic findings of endocardial compromise in 
patients with AAV are aortic valve thickening and aortic 
insufficiency with or without aortic root dilatation. Thus, 
the presence of aortic valve vegetation in the present patient 
was suspected to indicate subacute infective endocarditis 
rather than cardiac involvement of the primary AAV. Blood 
culture was performed three times, and vegetation culture 
was performed after surgery; however, all the results were 
negative because of continuous antibiotic treatment during 
the disease course.

Kidney damage in patients with infective endocarditis 
is characterized by necrotizing and crescentic glomerulone‑
phritis (53%) or endocapillary proliferative glomerulonephritis 
(37%). C3 deposition occurs in almost all patients, but IgG 
deposition is less common (<30%). Electron dense deposits 
can be observed in most patients via electron microscopy. 
In addition, 28% of the patients are ANCA positive. Most of 
them are PR3‑ANCA and may be depleted after the resolution 
of infective endocarditis. A total of 56% of the patients are 
complicated with hypocomplementemia and some are also 
cryoglobulin positive  (15,23‑25). These features were also 
revealed in the present case.

The pathogenesis of ANCA formation in infective endo‑
carditis is not clear. Mahr et al  (26) reported that among 
patients with infective endocarditis, ANCA‑positive patients 
had echocardiography‑documented vegetation more often 
than ANCA‑negative patients did. The antigenic stimulation 
by neutrophilic enzymes released within vegetation and the 
non‑specific hyperimmune humoral response may be the 
underlying mechanisms. Konstantinov et al  (27) discussed 
the proposed mechanisms of ANCA formation during the 
course of infections, including autoantigen complementarity, 
molecular mimicry between bacteria and self‑antigens, 
epigenetic modifications, neutrophil extracellular traps and 
interactions between bacterial components and Toll‑like recep‑
tors. Further investigations are required to clarify these 
mechanisms to further develop preventive measures and 
therapeutic interventions.

In conclusion, the present study reported a case of 
PR3-AAV secondary to infective endocarditis, which high‑
lighted the necessity of identifying the causes of ANCA 
formation, including infections, drugs, malignancies and 
others, not only at the first diagnosis but also during the 
disease course.
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