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□ CASE REPORT □

Two Cases of Proteinase 3-Anti-Neutrophil
Cytoplasmic Antibody (PR3-ANCA)-related Nephritis

in Infectious Endocarditis
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Abstract

We herein report two cases of proteinase 3-anti-neutrophil cytoplasmic antibody (PR3-ANCA)-related ne-

phritis in infectious endocarditis. In both cases, the patients were middle-aged men with proteinuria and he-

maturia, hypoalbuminemia, decreased kidney function, anemia, elevated C-reactive protein (CRP) levels, and

PR3-ANCA positivity. Each had bacteremia, due to Enterococcus faecium in one and Streptococcus bovis in

the other. One patient received aortic valve replacement therapy for aortic regurgitation with vegetation, and

the other underwent tricuspid valve replacement therapy and closure of a ventricular septic defect to treat tri-

cuspid regurgitation with vegetation. These patients’ urinary abnormalities and PR3-ANCA titers improved at

6 months after surgery following antibiotic treatment without steroid therapy.
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Introduction

Glomerulonephritis in infectious endocarditis was first

characterized in 1912 as a focal segmental glomerulosclero-

sis caused by bacterial emboli (1). In the 1970s, cases of in-

fectious endocarditis-related nephritis were found to exhibit

immune complex formation, specifically C3-deposition

glomerulonephritis associated with hypocomplemen-

temia (2). A review by Neugarten and Baldwin in 1984 re-

ported that the incidence of glomerulonephritis in infectious

endocarditis exceeded 75% in the pre-antibiotic era, but de-

creased to 8-14% after antibiotics came into use. Necropsy

specimens from patients with infectious endocarditis have

revealed that almost 25% had focal segmental glomeru-

lonephritis (3). However, in the 1980s, the presence of anti-

neutrophil cytoplasmic antibody (ANCA) was reported in

patients with crescentic glomerulonephritis, especially those

with pauci-immune glomerulonephritis or microscopic angii-

tis. Subsequently, several studies in the early 1990s demon-

strated a relationship between infectious endocarditis and

proteinase 3-ANCA (PR3-ANCA) (4-9). We herein report

two cases of infectious endocarditis associated with

glomerulonephritis (proteinuria and hematuria) accompanied

by the presence of PR3-ANCA and discuss therapeutic ap-

proaches based on a literature review.

Case Reports

Case 1

A 41-year-old man was admitted to our hospital for per-

sistent mild fever and purpura of the lower extremities.

Eight months prior to admission, he was diagnosed with ul-

cerative colitis and treated with mesalazine ( 5-

aminosaliciylic acid) at a local hospital. Two months prior to

admission, he received dental treatment and subsequently

developed a persistent mild fever and lower extremity edema

and purpura. One week prior to admission, he visited a local

clinic and was found to have a heart murmur as well as ane-
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Figure　1.　The clinical course of Case 1.

mia and urinary abnormalities. An ultrasound study of the

heart revealed aortic valve insufficiency, and the patient was

referred to our hospital. On admission, his mental status was

normal, height was 171 cm, and weight was 57.5 kg. His

body temperature was 38.0℃, pulse rate was 90 beats/min

and regular, respiratory rate was 20 breaths/min, and blood

pressure was 130/59 mmHg. Physical examination revealed

a systolic murmur (Levine classification 3/6) in the aortic

area, as well as pitting edema and purpura of the lower ex-

tremities. Laboratory studies indicated 3+ proteinuria (1.5 g/

day), 3+ urine occult blood with 100 red blood cells per

high power field (RBC/HPF), a white blood cell count of

6100, a red blood cell count of 292×104/μL, hemoglobin of

7.7 g/dL, hematocrit of 23.1%, a platelet count of 13.0×104/

μL, albumin level of 2.4 g/dL, blood urea nitrogen level of

24.6 mg/dL, serum creatinine level of 1.33 mg/dL, and total

cholesterol level of 121 mg/dL. His Na level was 140 mEq/

L, K level was 3.8 mEq/L, Cl level was 110 mEq/L, and C-

reactive protein (CRP) level was 4.46 mg/dL. The findings

for rheumatoid factor, anti-nuclear antibody, anti-hepatitis B

antibody, and hepatitis C virus antibody were negative. The

level of myeloperoxidase (MPO)-ANCA was normal, while

that of PR3-ANCA was 57 EU/mL (normal range: below

10). His C3, C4, and CH50 levels were 40 mg/dL (normal

range: 60-120), 16 mg/dL (normal range: 18-40), and 9.9 U/

mL (normal range: 30-40), respectively. His IgG, IgA, and

IgM antibody levels were 2,104 mg/dL, 574 mg/dL, and

159 mg/dL, respectively. A blood culture examination re-

vealed the presence of Enterococcus faecium, and an ultra-

sound cardiac examination demonstrated aortic regurgitation

with vegetation.

Clinical course

On the seventh hospital day, he underwent aortic valve re-

placement and was subsequently treated with antibiotics

(piperacillin and sulbactam/ampicillin) for one month fol-

lowed by levofloxacin for a further two weeks. Five months

after being discharge, his proteinuria and hematuria had re-

solved, and his levels of creatinine, hemoglobin, CRP, and

PR3-ANCA had returned to normal ranges (Fig. 1).

Case 2

A 39-year-old man was admitted to our hospital for 10

days of general fatigue and pitting edema of the legs. At the

onset of symptoms he had visited a local clinic, which de-

tected nephrotic syndrome and decreased kidney function,

and he was referred to a local general hospital. A blood cul-

ture on admission demonstrated Gram-positive bacteremia,

and he was subsequently referred to our hospital. He was

noted to have been diagnosed with a ventricular septal de-

fect (VSD) during childhood.

On admission to our hospital, his mental status was nor-

mal, height was 165 cm, and weight was 59.8 kg. His body

temperature was 36.7℃, pulse rate was 83 beats/min and

regular, respiratory rate was 12 breaths/min, and blood pres-

sure was 139/80 mmHg. Physical examination revealed a

holosystolic murmur (Levine classification 4/6) at the left

sternal border, as well as pitting edema of the legs. No Os-

ler nodes or Janeway’s lesions were observed. He had not

received dental treatment before the present episode. Labora-

tory studies indicated 1+ proteinuria (0.5 g/g creatinine), 3+

urine occult blood with 100 RBC/HPF, a white blood cell

count of 4500, a red blood cell count of 306×104/μL, hemo-

globin of 8.4 g/dL, hematocrit of 23.1%, a platelet count of

11.5×104/μL, albumin level of 2.2 g/dL, blood urea nitrogen

level of 15.2 mg/dL, serum creatinine level of 1.17 mg/dL,

and total cholesterol level of 90 mg/dL. His Na level was

139 mEq/L, K level was 3.5 mEq/L, Cl level was 104 mEq/

L, and CRP level was 4.06 mg/dL. The findings for rheuma-

toid factor, anti-nuclear antibody, anti-hepatitis B antibody,

and hepatitis C virus antibody were negative. The level of

MPO-ANCA was normal, while that of PR3-ANCA was

18.5 EU/mL (normal range: below 3.5). His C3, C4, and

CH50 levels were 68 mg/dL (normal range: 60-120), 23 mg/

dL (normal range: 18-40), and 45.1 U/mL (normal range:

30-40), respectively. His IgG, IgA, and IgM antibody levels
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Figure　2.　The findings for echocardiogram and chest CT in Case 2. Echocardiogram revealed the 
presence of a VSD and tricuspid regurgitation with a 10-mm sized vegetation and an ejection fraction 
of 73.6% (A, B). Chest CT revealed multiple patty shadows in both lung fields, suggesting bacterial 
emboli (C, D).

were 2,104 mg/dL, 574 mg/dL, and 159 mg/dL, respec-

tively. A blood culture examination revealed the presence of

Streptococcus bovis.

A chest X-ray showed cardiac enlargement, with a car-

diothoracic ratio of 51.5%. An ultrasound cardiac examina-

tion demonstrated a VSD and tricuspid regurgitation with a

10-mm vegetation and an ejection fraction of 73.6%

(Fig. 2A and B). Chest and abdominal computed tomogra-

phy scans revealed multiple patty shadows in both lung

fields, suggesting bacterial emboli (Fig. 2C and D), with

mild pleural effusion and hepatosplenomegaly.

Clinical course

Since blood culture results indicated Gram-positive bac-

teremia, we intravenously administered 2.0 g/day of mero-

penem and 350 mg/day of daptomycin. On the second hos-

pital day, we changed the antibiotics dosage to 12 g/day of

ampicillin and 120 mg/day of gentamycin to target Strepto-
coccus bovis. On the sixth hospital day, he underwent sur-

gery to replace the tricuspid valve and close the VSD. Post-

operatively, the patient took 12 g/day of ampicillin and 350

mg/day of daptomycin for 4 weeks, and then 1.5 g/day of

oral amoxicillin for 4 weeks. On the 38th hospital day, the

patient was discharged. Two months after being discharged,

his urinary abnormalities had resolved and his PR3-ANCA

levels had returned to the normal range (Fig. 3).

Discussion

The present cases demonstrate three unique points: 1)

PR3-ANCA was present in infectious endocarditis; 2) prote-

inuria, hematuria, and decreased kidney function were com-

patible with glomerulonephritis; and 3) the PR3-ANCA and

urinary abnormalities disappeared after valve replacement

surgery and subsequent use of antibiotics without steroids.

The occurrence of glomerulonephritis in a case of infec-

tious endocarditis was first reported in 1912 (1). The main

mechanism was initially thought to be immune complex-

type glomerulonephritis with hypocomplementemia (3).

However, Wagner et al. first showed an association between

ANCA and infectious endocarditis in 1991 (4). The combi-

nation of PR3-ANCA-related nephritis and infectious endo-

carditis has been recognized as a clinical disease entity since

the case report and literature review of Haseyama et al. in

1998 (7). In 2014, Mahr et al. reported that 20 out of 109

patients with infectious endocarditis (18%) showed the pres-

ence of ANCA by indirect immunofluorescence, while

enzyme-linked immunosorbent assay (ELISA) demonstrated

PR3-ANCA and MPO-ANCA in 4% of cases each. The

ANCA-positive subgroup was significantly younger, com-

pletely compatible with Duke’s criteria, and demonstrated

high titers of rheumatoid factor and IgG (8). Ying et al. ana-

lyzed 39 patients with infectious endocarditis, and found

that in the 13 patients who were positive for PR3-ANCA

and in the 26 who were negative, respectively, the occur-
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Figure　3.　The clinical course of Case 2.

Table.　Characteristics of Both Cases.

Case 1 Case 2
age, sex 41 yo, male 39 yo, male
chief complaints pitting edema, purpura pitting edema, fatigue
time from onset 2 months after dental 

treatment
10 days after general fatigue

proteinuria 3+ (1.5 g/day) 1+ (0.5 g/g cr)
hematuria 3+ with 100 RBC/HPF 3+ with 100 RBC/HPF
hemoglobin 7.7 g/dL 8.4 g/dL
albumin 2.4 g/dL 2.2 g/dL
creatinine 1.33 mg/dL 1.17 mg/dL
CRP 4.46 mg/dL 4.06 mg/dL
C3 (60–120) 40 mg/dL 68 mg/dL
C4 (14–49) 16 mg/dL 23 mg/dL
CH50 (30–40) 9.9 U/mL 45.1 U/mL
PR3-ANCA (<10) 57 EU/mL 18.5 EU/mL (max: 33.4)
bacteremia Enterococcus faecium Streptococcus bovis
cardiac 
abnormality

aortic regurgitation
with vegetation

VSD with tricuspid regurgitation 
with vegetation

surgical operation aortic valve replacement tricuspid valve replacement and 
closure of VSD

rence of glomerulonephritis was 30.8% vs. 26.9%, respec-

tively (not significant), with edema of the lower extremities

observed in 38.5% vs. 7.7%, respectively (p=0.03) (9). The

present two cases also had edema of the lower extremities,

and in one patient, purpura was also present. Case 1 may

have immune complex type glomerulonephritis, since he ex-

hibited purpura and hypocomplementemia. The presence of

hypocomplementemia in Case 1 may therefore depend on

the time from onset that the body requires to generate an

antibody to bacteria and also produce immune complex, as

Case 1 had undergone dental treatment two months prior to

admission, whereas Case 2 had experienced symptoms for

10 days before admission (Table).

Two potential mechanisms may explain the association

between the presence of PR3-ANCA and infectious endo-

carditis: cardiac valve involvement due to PR3-ANCA-

related vasculitis, mainly granulomatous polyangiitis

(GPA) (10-13); and infectious endocarditis-induced PR3-

ANCA-related vasculitis (14, 15). Discriminating between

these two conditions can be particularly difficult when pa-

tients have no bacteremia or history of valve disease. Final

diagnoses in these complex cases should be made by either

or both a pathological analysis or bacterial examination of

removed valve tissue (12). Physicians should perform trans-

esophageal echocardiogram, ANCA level evaluation, and

two sets of blood cultures in order to clarify the presence of

the above diseases in patients with fever of unknown origin,

urinary abnormalities, and cardiac murmur.

In recent years, neutrophil exudate traps (NETs) have

been receiving substantial attention with respect to ANCA

levels and tissue injury. Neutrophils activated during infec-

tion release nuclear-derived chromatin fibers called NETs,

which contain histones, PR3, and MPO, all of which are

anti-bacterial proteins. NETs themselves directly injure en-
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dothelial cells and produce thrombosis. Inflammation is ag-

gravated in tissue exposed to NETs (16). Bacterial PR3 or

MPO enhances antibody production against PR3 or MPO

(PR3-ANCA, MPO-ANCA). Conversely, PR3-ANCA and

MPO-ANCA stimulate neutrophils to secrete NETs. This vi-

cious cycle is proposed as the pathogenetic mechanism un-

derlying ANCA-related vasculitis or glomerulonephritis (17).

Previous studies have identified a relationship between

ANCA-related diseases and infection (4-9), with PR3-

ANCA in infectious endocarditis constituting a typical ex-

ample.

Infectious endocarditis should be treated using antibiotics

for 4 to 6 weeks. However, conventionally, steroids are the

first-line therapy for ANCA-related vasculitis or glomeru-

lonephritis. Controversy has been generated regarding appro-

priate treatment in patients with both ANCA-related disease

and infectious endocarditis. While some propose treatment

with antibiotics alone (4-6), others propose a combination of

antibiotics and steroids (7, 18-20), and still others suggest

surgery followed by antibiotics without steroids (21, 22).

When patients with infectious endocarditis and glomeru-

lonephritis show clinical signs of systemic or pulmonary

bacterial emboli, we must first consider performing replace-

ment surgery, not a kidney biopsy, in order to prevent exac-

erbation of their condition. After surgical treatment using an

artificial valve, anti-coagulant therapy is needed. In the pre-

sent two cases, we were unable to perform a kidney biopsy

because anti-coagulation drugs were used after valve re-

placement. However, by 6 months after surgery, the urinary

abnormalities and PR3-ANCA levels had improved. Our

findings in these two cases suggest that antibiotics and valve

replacement without steroids administration are effective

when the PR3-ANCA titers and vasculitis activity are not

markedly high.
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