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ABSTRACT

Background: Infective endocarditis (IE)-associated rapidly progressive glomerulonephritis (RPGN)
is rarely reported. Sporadic case reports have noted the diagnostic and therapeutic challenge in
IE-associated glomerulonephritis because it may masquerade as idiopathic vasculitis.

Methods: Patients with clinical diagnosis of IE-related RPGN in a tertiary hospital in China
between January 2004 and May 2021 were identified and retrospectively reviewed.

Results: Twenty-four patients with IE-associated RPGN were identified. All patients presented
with fever and multiorgan system involvement on top of heart and kidneys, spleen (79%, 19/
24), skin (63%, 15/24), lung (33%, 8/24) and nervous system (17%, 4/24). Six of the 24 patients
(25%) were initially suspected to have ANCA-associated or IgA vasculitis. Forty-five percent of
patients are seropositive for ANCA. Renal histology showed mesangial and/or endocapillary
hypercellularity with extensive crescents in most patients. C3-dominant deposition was the pre-
dominant pattern on immunofluorescence and pauci-immune necrotising crescentic glomerulo-
nephritis was observed in one case. All patients received antibiotics with or without surgery. Six
patients received immunosuppressive therapy before antibiotics due to misdiagnosis and seven
patients received immunosuppressive therapy after antibiotics due to persistence of renal failure.
Three of the 24 patients died due to severe infection. All the surviving patients had partial or
complete recovery of renal function.

Conclusion: [E-associated RPGN is rare and the differential diagnosis from idiopathic vasculitis
can be challenging due to overlaps in clinical manifestations, ANCA positivity and absence of
typical presentations of IE. The prognosis is generally good if antibiotics and surgery are not
delayed. The decision on introducing immunoruppressive treatment should be made carefully
on a case by case basis when kidney function does not improve appropriately after proper anti-
infective therapy.

KEY MESSAGES

e Infective endocarditis associated RPGN is rare and differentiating it from idiopathic vasculitis
can be challenging due to overlap in clinical manifestations, ANCA positivity and occasional
absence of typical manifestations of infective endocarditis.

e Kidney function usually responds to antibiotic therapy alone.

e Immunosuppressive therapy may be beneficial in carefully selected patients whose kidney
function does not improve with antibiotics alone.
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Introduction

IE often manifests as multi-system involvement due
to peripheral septic emboli and/or immunologic
phenomena such as cutaneous vasculitis and
glomerulonephritis [1], resembling clinical manifesta-
tions of idiopathic vasculitis. A substantial proportion

(8~33%) of patients with IE were positive for ANCA
[2-5], which is an useful diagnostic biomarker for
ANCA-associated vasculitis. Sporadic case reports have
noted that IE-related glomerulonephritis may mimic
vasculitis, and it causes a challenge in both diagnosis
and treatment [6-9].
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IE-associated RPGN is a severe complication of IE,
characterized by rapid deterioration of renal function
along with features of glomerulonephritis, and it usu-
ally presents with crescentic glomerulonephritis (CGN)
on renal histology. Due to the rarity of the entity, IE-
related RPGN/CGN was reported primarily in case
reports. Kannan reviewed IE-related CGN in literature,
and only 11 cases were identified before 2000 [10].

The aim of this study is to highlight the diagnostic
challenge and discuss the role of immunosuppressive
therapy in patients with IE-related RPGN by retrospect-
ively reviewing the clinicopathologic data of such
patients in our centre.

Materials and methods

We retrieved cases with discharge diagnosis including
“RPGN” or “CGN” and “IE” from inpatients from
January 2004 to May 2021 in Peking Union Medical
College Hospital. We also retrieved cases with dis-
charge diagnosis including “acute kidney injury (AKI)”
or "acute renal failure” and “IE". Patients fulfilling the
following criteria would be identified as IE-associated
RPGN and included in the study: (1) Confirmed diag-
nosis of IE according to the modified Duke criteria
[11]. (2) Diagnosis of RPGN. RPGN is defined as a clin-
ical syndrome characterized by rapid deterioration of
renal function accompanied by urinary findings of
glomerulonephritis [12]. Clinical diagnosis of RPGN has
been made as a diagnosis of exclusion based on rapid
decline in kidney function and wurinary findings.
Clinical diagnosis of RPGN was made if two independ-
ent nephrologists proposed RPGN as the most likely
diagnosis after comprehensive differential diagnosis,
which included pre-renal AKI, post-renal AKI, acute
tubular injury, acute interstitial nephritis, renal embol-
ism, and thrombotic microangiopathy. According to
kidney biopsy conditions, we further classified patients
with clinical diagnosis of RPGN into patients with
biopsy-proven CGN (if extensive crescent formation
was present on histology) and patients without
biopsy-proven CGN (no crescent on histology or with-
out biopsy findings). Patients with KDIGO AKI stage 3
(increase in serum creatinine to 3.0 times baseline or
serum creatinine to >4.0 mg/dl or the initiation of kid-
ney replacement therapy) were included in the study.
The clinical and pathological data of patients with
IE-associated RPGN were retrospectively reviewed.
Clinical data were obtained from medical records.
Pathological data were reviewed independently by
two pathologists. The primary outcome was kidney
recovery. For outcome analysis, partial recovery was
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defined by elevation of serum creatinine >0.2 mg/dl
above baseline levels or follow up serum creatinine
>1.2mg/dl (for those in whom baseline levels were
unavailable). Complete recovery was defined as eleva-
tion of serum creatinine < 0.2mg/dl baseline or to
serum creatinine < 1.2mg/dl (for those patients in
whom baseline levels were unavailable).

This study has been approved by the Institutional
Review Board of Peking Union Medical College

Hospital (S-K1512).

Results
Clinical manifestations

From Jan 2004 to May 2021, 24 patients of |E-related
RPGN were identified. The prevalence of IE-related
RPGN in IE was estimated to be 3.4% (20 patients with
IE-associated RPGN among 595 patients with con-
firmed IE between June 2012 to May 2021).

The clinical characteristics of the 24 patients are
summarized in Table 1. There was a male predomin-
ance (3:1) with a mean age of 42years. Sixty-seven
percent (16/24) of patients had pre-existing valvular
disease, mainly congenital heart disease and rheum-
atic valvular disease. No patient was intravenous drug
abuser. No patient had past history of chronic kidney
disease, idiopathic vasculitis or connective tissue dis-
ease. The duration between onset of symptoms to the
diagnosis of IE ranged from 1 to 44weeks with a
median disease duration of 14weeks. All but one
patient presented with fever, but 38% (9/24) of cases
were afebrile on initial presentations. All patients pre-
sented with cardiac murmur and 16 patients devel-
oped heart failure. Valvular vegetations were identified
on echocardiogram for all patients. Two patients
underwent trans-oesophageal echocardiogram due to
negative findings on transthoracic echocardiogram.
The most commonly involved valve was the aortic
valve (12/24), followed by mitral valve (10/24).
Streptococcus viridans was the most common infec-
tious agents revealed by blood cultures (25%, 6/24),
followed by Staphylococcus aureus (17%, 4/24), and
38% (9/24) had culture-negative endocarditis.

All patients presented with rapid deterioration of
renal function within 1week to several months along
with glomerular haematuria and proteinuria. The
mean peak serum creatinine was 6.7 mg/dl (range
3.0 ~ 16.1 mg/dl). Fifteen patients underwent haemodi-
alysis when necessary. Seventy-one percent (17/24) of
patients had proteinuria >3 g/d and 63% (15/24) pre-
sented with nephrotic syndrome. Five patients had
proteinuria 1.3~25g/d and further urine protein
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Table 1. Clinical characteristics of IE-related RPGN.

CGN (h=7) Without biopsy-proven CGN (n=17) Total (n=24)
Age (yr) 42+13 42+16 42+15
Male 6 (86%) 12 (70% ) 18 (75%)
Hypertension 0 (0%) 5 (29%) 5 (21%)
Diabetes 1(14% ) 1(6% ) 2 (8%)
Prosthetic valve 0 (0%) 2 (12%) 2 (8%)
Multiple valves 1(14% ) 5(29% ) 6 (25%)
Pathogen
S.viridans 2 (29%) 4 (24% ) 6 (25%)
S.aureus 0 (0%) 4 (24% ) 4 (17%)
Culture negative 3 (43% ) 6 (35% ) 9 (38%)
Disease duration (weeks) 13 (IQR 2-25) 12 (IQR 4-16) 12 (IQR 4-22)
System involvement
Heart failure 4 (57% ) 12 (71% ) 16 (67%)
kidney
Gross haematuria 3(43%) 8 (47% ) 11 (46%)
Nephrotic syndrome 6 (86% ) 9 (53% ) 15 (63%)
Peak SCr (mg/dl) 6.3+2.2 69+34 6.7 +3.1
Skin 4 (57% ) 11 (65% ) 15 (63%)
Purpura 4 (57% ) 8 (47% ) 12 (50%)
Janeway lesion 0 (0%) 3(18%) 3 (13%)
Joints (arthralgia) 2 (29% ) 5 (29%) 7 (29%)
Spleen 5(71%) 14 (82% ) 19 (79%)
Splenomegaly 5(71% ) 14 (82% ) 19 (79%)
Splenic infarct 1(14% ) 3(18% ) 4 (17%)
Lung (embolism) 1(14% ) 7 (41%) 8 (33%)
Nervous system (embolism) 1(14% ) 3(18% ) 4 (17%)
Eyes (retinal artery embolism) 1(14% ) 1(6% ) 2 (8%)
Haematology
Anaemia 7 (100% ) 17 (100%) 24 (100%)
Thrombocytopenia 3 (43% ) 11 (65%) 14 (58%)
Pancytopenia 2 (29% ) 1 (6%) 3 (13%)
Treatment
Antibiotics 7 (100%) 17 (100%) 24 (100%)
Surgery 4 (57%) 13 (76%) 17 (71%)
Immunosuppressive therapy 6 (86%) 7 (41%) 13 (54%)
Time of follow up 11 (IQR 8-13) 8 (IQR 3-14) 10.5 (IQR 4-13)
Outcome
Death 1 (14%) 2 (12%) 3 (13%)
Renal complete recovery 5 (71%) 9 (53%) 14 (58%)
Renal partial recovery 1 (14%) 6 (35%) 7 (29%)

CGN: crescentic glomerulonephritis; RPGN: rapidly progressive glomerulonephritis; S.viridans: Streptococcus viridans;

S.aureus: Staphlococcus aureus.

electrophoresis suggested mainly glomerular protein-
uria (predominantly albuminuria). All the patients
showed microhematuria or gross haematuria with
many dysmorphic erythrocytes.

All patients had multi-system clinical manifestations
other than kidneys and heart, including spleen (79%,
19/24), skin (63%, 15/24), lung (33%, 8/24) and the
nervous system (17%, 4/24) (Table 1). It is worth not-
ing that, 25% (6/24) of patients had been initially con-
sidered as ANCA-associated vasculitis or IgA vasculitis.

Laboratory findings

On review of laboratory studies, abnormalities in
haematology were common, including anaemia (100%,
24/24), thrombocytopenia (58%, 14/24) and pancyto-
penia (13%, 3/24) (Table 1). Various markers usually
seen in autoimmune diseases were detected with high
frequency (Table 2). ANCA was positive in 45% (10/22)
of patients, predominantly proteinase 3 (PR3)-ANCA.

Table 2. Serologic findings in patients with IE-related RPGN.

CGN  Without biopsy-proven CGN  Total

(n=7) (n=17) (n=24)
Hypocomlementemia 5/7 (71%) 15/16 (94%) 20/23 (87%.
Rheumatoid factor 6/6 (100%) 12/14 (86%) 18/20 (90%
Antinuclear antibody 3/7 (43%) 10/17 (59%) 13/24 (54%
Coombs' test 1/3 (33%) 7/9 (78%) 8/12 (67%,
Anti-phospholipid 2/4 (50%) 5/12 (42%) 7/16 (44%
Type Il cryoglobulinemia 3/4 (75%) 3/3 (100%) 6/7 (86%
c-ANCA 3/7 (43%) 6/15 (40%) 9/22 (41%
p-ANCA 0/7 (0%) 1/15 (7%) 1/22 (5%)
PR3-ANCA and MPO-ANCA0/7 (0%) 1/15 (7%) 1/22 (5%)
PR3-ANCA 3/7 (43%) 7/15 ( 10/22 (45%)

CGN: crescentic glomerulonephritis; RPGN: rapidly progressive glomerulo-
nephritis; ANCA: antineutrophil cytoplasmic antibodies.

The titres of PR3-ANCA ranged from 35 to 819 RU/ml
with a median titre of 138 RU/ml (reference range
<20 RU/ml in our centre). Six patients showed high
titres of PR3-ANCA (>100 RU/ml). One patient (case 9)
showed dual positivity for PR3-ANCA (>200 RU/ml)
and myeloperoxidase (MPO)-ANCA (34 RU/ml). Anti-
nuclear antibody was positive in 54% (13/24) of
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Figure 1. Representative light microscopy findings. (A) Large global cellular crescent (periodic acid-silver methenamine x 200).
(B) Small cellular crescent (periodic acid-silver methenamine x 200). (C) Glomerulus with necrotising crescent (periodic acid-silver
methenamine x 200). (D) Mesangial and endothelial hypercellularity (haematoxylin and eosin x 400). (E) Mesangial hypercellular-
ity (haematoxylin and eosin x 400). (F) Endocapillary proliferative glomerulonephritis (periodic acid-silver methenamine x 400).

patients, while only one patient showed positive anti-
double strand DNA. Hypocomplementemia and ele-
vated rheumatoid factor were presented in 87% (20/
23) and 90% (18/20) of patients, respectively.

Pathological findings

Renal biopsies were performed in 9 patients and histo-
logic findings are illustrated in Figures 1-3 and sum-
marized in Table 3. On light microscopy, all patients
presented with mesangial and/or endothelial hypercel-
lularity. Extensive crescents formation (accounting for
34~ 67% of glomeruli) were observed in seven of the
nine cases. Two cases had clinical presentations of
RPGN but no crescent formation on histology. Case 21
presented with focal mesangial hypercellularity and

she underwent renal biopsy after two months of treat-
ment when her serum creatinine had decreased from
11.6mg/dl to 0.8mg/dl. Case 22 presented with dif-
fuse endocapillary proliferative glomerulonephritis
(Figure 1(F)). Fibrinoid necrosis was observed in two of
the three cases who were seropositive for ANCA and
none of the five cases with negative ANCA. Acute
tubular injury and interstitial inflammation were pre-
sent in all cases. On immunofluorescence, C3 was pre-
sent in seven of the nine cases and predominant in
five. IgM was found in five cases, IgA in three cases,
and IgG in one case. One case presented with pauci-
immune glomerulonephritis with no significant deposit
on immunofluorescence or electronic microscopy.
Electron microscopy examination was performed in
five cases. Deposits in  mesangial and/or
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Figure 2. Representative immunofluorescence microscopy findings. (A) Glomerulus with predominantly mesangial staining by C3.
(reprinted from Am J Med. 2021;134(12):1539-1545.e1, with permission from Elsevier) (B) Glomerulus with mesangial and capillary

wall staining by C3.

Figure 3. Representative electron microscopy findings. (A) Subendothelial electron-dense deposits (arrow). (B) Mesangial electron-

dense deposits (arrow).

subendothelial area were noted in four of the five
cases, but subepithelial deposits were occasionally
observed in only one case.

Treatment and outcome

Treatment and follow-up data are presented in
Supplemental Table 1 and summarized in Table 4. The
median time of follow-up was nine (range 1~ 40)
months. All the patients received antibiotics.
Seventeen patients had cardiac surgeries (5~ 64 days
after antibiotics), 13 of which were performed within
4weeks after commencing antibiotics. Thirteen
patients received immunosuppressive therapy includ-
ing glucocorticoid with or without cyclophosphamide.
Three of the 24 patients died due to severe infection.
The remaining 21 patients recovered uneventfully
(NHYA class I-Il and dialysis independent) during fol-
low up.

The clinical characteristics and outcome of patients
with or without immunosuppressive treatment were
summarized in Table 4. Among the 11 patients who
did not have immunosuppressive treatment, one
patient died due to severe infection. The remaining 10

patients achieved complete (5/10) or partial renal
recovery (5/10) after antibiotics and surgery
(Figure 4(A)).

Among the 13 patients receiving immunosuppres-
sive therapy, glucocorticoid was added after imple-
menting antibiotics in seven patients with a time
interval of 4 ~35days due to deterioration or no sig-
nificant improvement of renal function during the
course of anti-infective therapy (Figure 4(B)). For the
seven patients above, infection was in control and
blood cultures were repeatedly negative at the time
of commencing immunosuppressive therapy. Five of
the seven patients had complete recovery of renal
function and two patients had partial recovery. While,
six of the 13 patients received glucocorticoid before
antibiotics due to delayed diagnosis of IE. Two of the
six patients died due to severe infection. The two
patients had received immunosuppressive therapy for
two or threemonths before the diagnosis of IE, and
they both developed pneumonia and heart failure dur-
ing this period. The remaining four patients survived
and had complete renal recovery after anti-infective
treatment (Figure 4(B)). Three of them had received
immunosuppressive therapy for sixdays to one month



Table 3. Renal biopsy findings of nine cases.
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Light microscopy

No. of Electronic Pathogen/
No.  glomeruli Glomeruli Tubule and interstitium Immunofluorescence microscopy ANCA
1 23 15 cellular or fibrocelluar Mild tubular atrophy and Negative Mesangial, S.viridans / +
crescents. Segmental interstitial fibrosis subendothelial
mesangial hypercellularity deposit
2 24 14 cellular or fibrocellular Mild interstitial fibrosis Mesangial and capillary loops: ~ Mesangial deposit -/ +
crescents with segmental IgM 1+, CG3 1+
fibrinoid necrosis. Diffuse
mesangial hypercellularity
3 32 7 glomeruli with global Mild tubular atrophy and Negative No deposit -/ +
sclerosis and 1 with interstitial fibrosis;
segmental sclerosis Hyalinisation
(crescent); 16 celluar or of arterioles
fibrocellular crescents with
many fibrinoid necrotising
areas. Segmental mesangial
hypercellularity
4 17 6 cellular crescents. Segmental ~ Mild tubular atrophy and Mesangial and capillary loops: NA S.viridans / -
mesangial hypercellularity interstitial fibrosis IgA 2+, IgM 1+, C3 2+,
Clq 1+
8 5 3 cellular crescents. Diffuse No tubular atrophy or Mesangial and capillary loops: NA -/ -
mesangial and segmental interstitial fibrosis I9G +/-, IgM 1+, C3 3+,
endothelial hypercellularity Clg 1+
14 18 10 cellular or fibrocellular NA Mesangial and capillary loops: NA E.coli / -
crescents. Diffuse mesangial IgA +/-, IgM 2+, C3 2+,
and segmental endothelial Clq 2+
hypercellularity
17 29 10 cellular or fibrocellular Mild tubular atrophy and Mesangial: IgA 3+, C3 3+, Mesangial, Gemella / -
crescents. Diffuse mesangial interstitial fibrosis Clq 2+, k¥ 2+, A 2+ subendothelial
and endothelial deposit
hypercellularity
21 12 Focal mesangial No tubular atrophy or Mesangial and capillary loops: NA -/ NA
hypercellularity interstitial fibrosis 19G 2+, IgA 2+, IgM 2+,
G 1+
22 25 8 glomeruli with global Focal tubular atrophy and Mesangial and capillary loops:  Mesangial and C.striatum / -
ischaemic sclerosis; Diffuse interstitial fibrosis; G2+ 14+, A1+ subendothelial
endothelial and segmental benign arteriolar deposit,
mesangial hypercellularity nephrosclerosis occasionally
subepithelial
deposit
ANCA: antineutrophil cytoplasmic antibodies; NA: not available; S.viridans: Streptococcus viridans; E.coli:  Escherichia coli; C. striatum:
Corynebacterium Striatum.
Table 4. Outcome in patients with IE-related RPGN with or without IS.
CGN (n=7) Without biopsy-proven CGN (n=17) Total (n=24)
IS + IS - IS + IS - IS + IS -
(n=6) (n=1) (h=7) (n=10) (n=13) (n=11)
Age (yr) 42114 45 38+18 44£15 40+£16 44114
Male 5/6 11 4/7 8/10 9/13 (69%) 9/11 (82%)
Comorbidity 0/6 71 1/7 4/10 1/13 (8%) 5/11 (45%)
S.viridans 2/6 0/1 1/7 3/10 3/13 (23%) 3/11 (27%)
S.aureus 0/6 0/1 2/7 2/10 2/13 (15%) 2/11 (18%)
Heart failure 3/6 11 4/7 8/10 7/13 (54%) 9/11 (82%)
Disease duration (weeks) 10.5 (IQR 2-29) 24 12 (IQR 3-16) 5 (IQR 4-18) 12 (IQR 3-21) 12 (IQR 4-24)
Peak SCr (mg/dl) 6.6+2.2 4.1 85+4.0 59+26 76+33 57+26
ANCA positivity 2/6 171 4/6 4/9 6/12 (50%) 5/10 (50%)
Surgery 3/6 11 4/7 9/10 7/13 (54%) 10/11 (91%)
Dialysis 5/6 0/1 3/7 7/10 8/13 (62%) 7/11 (64%)
Time of follow up (months) 1 (IQR 10-14) 2 10 (IQR 4-12) 5 (IQR 2-16) 1 (IQR 7-13) 5 (IQR 2-15)
Death 1/6 0/1 1/7 1/10 2/13 (15.5%) 1/11 (9%)
Renal complete recovery 4/6 11 5/7 4/10 9/13 (69%) 5/11 (45.5%)
Renal partial recovery 1/6 0/1 1/7 5/10 2/13 (15.5%) 5/11 (45.5%)

IS: immunosuppressive therapy; CGN: crescentic glomerulonephritis; RPGN: rapidly progressive glomerulonephritis; S.viridans: Streptococcus viridans;
S.aureus: Staphlococcus aureus; SCr: serum creatinine; ANCA antineutrophil cytoplasmic antibodies.
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Figure 4. Changes of serum creatinine (SCr) in patients with rapidly progressive glomerulonephritis. DO indicates the day of com-
mencing antibiotics. Last FU indicates the last follow up. (A) Changes of SCr in 10 surviving patients without immunosuppressive
therapy. (B) Changes of SCr in 11 surviving patients with immunosuppressive therapy.

before the diagnosis of IE and they developed severe
adverse events (cerebral embolism, new onset or
deterioration of heart failure, respectively) during this
period. One patient received antibiotic after gluco-
corticoid on the same day due to timely corrected
diagnosis, and no severe adverse event occurred dur-
ing immunosuppression.

Discussion

IE-associated RPGN is rare and was primarily described
in case reports [6-9], but the exact prevalence of
RPGN in IE is unknown. For the first time, we eval-
uated the prevalence of IE-associated RPGN, which
accounted for 3.4% (20/595) of cases with IE in our
centre. The study presented a retrospective observa-
tional case series of IE-related RPGN. 24 cases were
identified, and 25% (6/24) were initially considered as
idiopathic vasculitis (ANCA-associated vasculitis or IgA
vasculitis), highlighting the diagnostic challenge.
Differentiating IE-related RPGN from idiopathic vascu-
litis is of obvious importance, given the totally differ-
ent therapeutic strategies of the two entities.

IE may mimic idiopathic vasculitis partly due to
overlaps in clinical manifestations between the two
entities. ANCA-associated vasculitis is a form of small-
vessel vasculitis associated with ANCA, with predomin-
ant involvement of the upper and lower respiratory
tract, kidney, skin and the nervous system. IE may
closely mimic the clinical manifestations of ANCA-asso-
ciated vasculitis, by presenting with similar clinical
manifestations, including constitutional symptoms
(fever, weight loss), involvement of skin, kidney, lung
and the nervous system. Zhang et al. reviewed 27

cases of ANCA positive IE-related glomerulonephritis
in literature, and involvement of skin, lung and the
nervous system were present in 22.2%, 18.5% and
14.8% of patients respectively [6]. In our cohort of IE-
related RPGN, involvement of skin, pulmonary and the
nervous system were observed in 63%, 33% and 17%
of patients respectively. IgA vasculitis is another
form of small-vessel vasculitis characterised by IgA-
dominant immune deposits. IE mimicking IgA vascu-
litis by manifesting as glomerulonephritis and
purpura was rarely reported [9]. In our study, 50% (12/
24) of patients with IE-related RPGN presented with
purpura, overlapping with the manifestations of
IgA vasculitis.

The presence of ANCA in IE further complicates the
differential diagnosis between IE and ANCA-associated
vasculitis. ANCA directed against PR3 or MPO are well-
known diagnostic markers for ANCA-associated vascu-
litis. However, ANCA positivity has been reported in
various chronic infections including IE. Several studies
showed that ANCA (mostly PR3) can be found in IE
with a prevalence of 8 ~33% by ELISA [2-5], some
with high titres. Bartonella endocarditis may have
higher prevalence (40%~67% by ELISA) [13,14]. In the
present study, 45% (10/22) of patients with |E-associ-
ated RPGN had ANCA (by ELISA) positivity, consistent
with previous reports. The presence of ANCA in add-
ition to vasculitis-like clinical manifestations in patients
with |E may easily lead to an erroneous diagnosis of
idiopathic vasculitis. Some of the proposed mecha-
nisms of ANCA formation during infectious episodes
include autoantigen complementarity, molecular mim-
icry, neutrophil extracellular traps dysfunction, Toll-like
receptors and epigenetics [15]. It is believed that



ANCA is pathogenic in ANCA-associated vasculitis [16].
The pathogenic role of ANCA in IE is unclear. But
Langlois et al. suggested that ANCA may be linked
with more frequent renal impairment and multiple
valve involvement in IE [4].

Despite the overlapping clinical manifestations and
ANCA positivity in IE, distinctions do exist between
ANCA-positive |E and ANCA-associated vasculitis.
Previous studies revealed that a high frequency of
fever, constitutional symptoms, renal involvement and
skin lesions was displayed in both conditions.
However, cardiac murmur, splenomegaly, thrombo-
cytopenia, hypocomplementemia and other auto-anti-
bodies were predominantly associated with IE [17-19].
The differentiation between [E-associated glomerulo-
nephritis and purpura from IgA vasculitis should not
be difficult if differential diagnosis is considered. The
presence of fever together with cardiac murmur
favour the diagnosis of IE over IgA vasculitis. In our
study, fever, cardiac murmur and splenomegaly were
presented in 96%, 100% and 79% of patients, respect-
ively, with high frequencies of thrombocytopenia,
hypocomplementemia and multiple auto-antibodies,
thus favouring a diagnosis of IE over vasculitis. More
importantly, positive blood cultures and valvular vege-
tation on echocardiography strongly support the diag-
nosis of IE. But these investigations may be delayed
when patients are afebrile. In our study, 38% (9/24) of
patients were afebrile on initial presentations, and
investigations for IE were delayed in these patients. It
is also important to take into consideration that
patients with IE may have negative findings on blood
cultures or transthoracic echocardiography [20,21],
which occurred in 38% (9/24) and 8% (2/24) of
patients in our study.

Although renal biopsy is not a routine examinations
in patients with IE-associated glomerulonephritis. In
patients with elusive diagnosis, histologic findings can
provide additional clues for diagnosis, but overlaps
exist between |E-related glomerulonephritis and idio-
pathic vasculitis. The typical renal histology of ANCA-
associated vasculitis is pauci-immune necrotizing CGN
without endocapillary hypercellularity [22]. On the
contrary, |E-related glomerulonephritis typically pre-
sented with endocapillary and/or mesangial hypercel-
lularity with frequent crescent formation and C3-
dominant immune deposits on immunofluorescence
[5,10]. But pauci-immune necrotizing CGN might be
rarely observed in IE [6,8,23], regardless of ANCA posi-
tivity. Consistent with previous studies, all the 9 cases
in our study presented with mesangial and/or endoca-
pillary hypercellularity with extensive crescents
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formation in most patients. All but one patient had
immune deposits with a C3-dominant pattern in most
patients. One patient displayed pauci-immune necrot-
izing CGN and positive ANCA in serum, closely mim-
icking ANCA-associated vasculitis. But prominent
mesangial hypercellularity was observed in this
patient, thus favouring the diagnosis of infection over
ANCA-associated vasculitis. Taken together, although
pauci-immune necrotizing CGN can be rarely observed
in |E-related glomerulonephritis, immune deposits and
endocapillary proliferation usually favour a diagnosis
of infection over ANCA-associated vasculitis. Histologic
features of |E-related glomerulonephritis may resemble
IgA vasculitis by presenting as mesangial hypercellu-
larity with IgA-dominant immune deposits. Stronger
staining of C3 than IgA on immunofluorescence and
subepithelial humps on electronic microscopy favours
the diagnosis of IE over IgA vasculitis [24].

In terms of treatment, prompt and effective antibi-
otics is the cornerstone of treatment for IE. Cardiac
surgery may also be necessary in certain conditions
such as severe heart failure, and there has been a
trend preferring earlier surgery [25]. The role of
immunosuppressive treatment is controversial in IE-
associated RPGN/CGN because of the possible risk of
aggravating infection and resolution of the renal dis-
ease by antibiotics only in some patients [26,27].
While there are also some case reports showing that
antibiotics alone were not effective and only combin-
ation therapy of glucocorticoid and antibiotics rescued
renal function [8,23]. In previous literature reviews,
about 50% of cases with |E-associated RPGN received
immunosuppressive therapy and benefit of immuno-
suppressive therapy was suggested [6,10]. In our
study, 10 of the 11 patients without immunosuppres-
sive therapy had complete or partial renal recovery,
suggesting good renal prognosis after effective anti-
infective treatment in these patients. Nevertheless,
seven patients in our study received immunosuppres-
sive therapy due to persistence of renal failure during
the course of anti-infective treatment. And their renal
function improved after the addition of immunosup-
pressive therapy (Figure 4(B)), suggesting the potential
benefits of immunosuppressive therapy. A higher rate
of complete renal recovery was observed in patients
with  immunosuppressive therapy compared to
patients without (69% vs 45%). But the comparison
was limited by the non-balanced distribution of con-
founding factors such as surgery and comorbidities
(Table 4) and the small sample size. Therefore, no con-
clusion could be drawn based on the comparison.
Immunosuppressive therapy may be individualised
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after careful evaluation of risk and benefit. Some sug-
gested to combine antibiotics and immunosuppressive
agents when renal failure does not improve after anti-
biotics within a proper period of time [28,29].
However, immunosuppressive treatment should not
be implemented before effective anti-infective therapy.
In our study, two of the six patients who received
glucocorticoid before antibiotics died, while all of the
seven patients who received glucocorticoid after anti-
biotics survived, suggesting the importance of the tim-
ing of immunosuppressive therapy.

There are several limitations in the study. First, the
sample size is relatively small. Studies with larger sam-
ple size are warranted in the future to evaluate the
role of immunosuppressive therapy in IE-associated
RPGN. Secondly, only nine of the 24 patients under-
went kidney biopsy. For the remaining 15 patients
without kidney biopsy, CGN was not confirmed.
Finally, this is a retrospective study with various time
of follow-up. Prospective studies with pre-specified fol-
low-up are warranted in the future.

Conclusions

In summary, the study suggests that IE-related RPGN
is a rare complication of IE and it may mimic idio-
pathic vasculitis due to overlaps in clinical and histo-
logical features between the two entities and ANCA
positivity. Clinicians should be aware of the diagnostic
pitfall to avoid erroneous diagnosis and harmful treat-
ment decisions. Renal prognosis is generally good
after effective anti-infective treatment.
Immunosuppressive therapy may be considered care-
fully on a case by case basis when kidney function
does not improve appropriately after proper anti-
infective therapy.

Disclosure statement

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Funding

This work was supported by the National Natural Science
Foundation of China Grants (81970621 to Dr. Qin) and an
ISN Sister Renal Centers Grant.

Data availability statement

The data during the current study are available from the cor-
responding author on reasonable request.

References

[l

[2]

B3l

(4]

[5]

(6]

[7]

(8]

[l

[10]

(11l

[12]

[13]

[14]

[15]

Brunet A, Julien G, Cros A, et al. Vasculitides and
glomerulonephritis associated with staphylocococcus
aureus infective endocarditis: cases reports and mini-
review of the literature. Ann Med. 2020;52(6):265-274.
Mahr A, Batteux F, Tubiana S, et al; IMAGE Study
Group. Brief report: prevalence of antineutrophil cyto-
plasmic antibodies in infective endocarditis. Arthritis
Rheumatol. 2014;66(6):1672-1677.

Ying CM, Yao DT, Ding HH, et al. Infective endocardi-
tis with antineutrophil cytoplasmic antibody: report of
13 cases and literature review. PLoS One. 2014;9(2):
e89777.

Langlois V, Lesourd A, Girszyn N, et al. Antineutrophil
cytoplasmic antibodies associated with infective
endocarditis. Medicine (Baltimore). 2016;95(3):e2564.
Boils CL, Nasr SH, Walker PD, et al. Update on endo-
carditis-associated glomerulonephritis. Kidney Int.
2015;87(6):1241-1249.

Zhang W, Zhang H, Wu D, et al. Antineutrophil cyto-
plasmic antibody-positive infective endocarditis com-
plicated by acute kidney injury: a case report and
literature review. J Int Med Res. 2020;48(10):
300060520963990.

Bele D, Kojc N, Perse M, et al. Diagnostic and treat-
ment challenge of unrecognized subacute bacterial
endocarditis associated with ANCA-PR3 positive
immunocomplex glomerulonephritis: a case report
and literature review. BMC Nephrol. 2020;21(1):40.

Shi XD, Li WY, Shao X, et al. Infective endocarditis
mimicking ANCA-associated vasculitis: does it require
immunosuppressive therapy?: A case report and lit-
erature review. Medicine (Baltimore)). 2020;99(29):
e21358.

Lavie G, Henig O, Weber G, et al. Afebrile endocarditis
presenting as purpura and acute renal failure. Am J
Med. 2015;128(3):e5-€6.

Kannan S, Mattoo TK. Diffuse crescentic glomerulo-
nephritis in bacterial endocarditis. Pediatr Nephrol.
2001;16(5):423-428.

Li JS, Sexton DJ, Mick N, et al. Proposed modifications
to the duke criteria for the diagnosis of infective
endocarditis. Clin Infect Dis. 2000;30(4):633-638.
Pendergraft WF, Nachman PH, Jennette JC, et al.
Primary glomerular disease. In: Skorecki K, Chertow
GM, Marsden PA, et al. (eds) Brenner & rector’s the
kidney. 10th ed vol. 1 Elsevier: Philadelphia, PA, 2016.
pp 1072-1073.

Vercellone J, Cohen L, Mansuri S, et al. Bartonella
endocarditis mimicking crescentic glomerulonephritis
with PR3-ANCA positivity. Case Rep Nephrol. 2018;
2018:9607582.

Aslangul E, Goulvestre C, Mallat Z, et al. Human bar-
tonella infective endocarditis is associated with high
frequency of antiproteinase 3 antibodies. J
Rheumatol. 2014;41(2):408-410.

Konstantinov KN, Ulff-Mgller CJ, Tzamaloukas AH.
Infections and antineutrophil cytoplasmic antibodies:
triggering mechanisms. Autoimmun Rev. 2015;14(3):
201-203.



(16l

[17]

[18]

(19

[20]

[21]

[22]

(23]

Bosch X, Guilabert A, Font J. Antineutrophil cytoplas-
mic antibodies. Lancet. 2006;368(9533):404-418.
Bonaci-Nikolic B, Andrejevic S, Pavlovic M, et al.
Prolonged infections associated with antineutrophil
cytoplasmic antibodies specific to proteinase 3 and
myeloperoxidase: diagnostic and therapeutic chal-
lenge. Clin Rheumatol. 2010;29(8):893-904.

Forbes SH, Robert SC, Martin JE, et al. Quiz page janu-
ary 2012 - Acute kidney injury with hematuria, a posi-
tive ANCA test, and low levels of complement. Am J
Kidney Dis. 2012;59(1):A28-31.

Chirinos JA, Corrales-Medina VF, Garcia S, et al.
Endocarditis associated with antineutrophil cytoplas-
mic antibodies: a case report and review of the litera-
ture. Clin Rheumatol. 2007;26(4):590-595.

Fournier PE, Thuny F, Richet H, et al. Comprehensive
diagnostic strategy for blood culture-negative endo-
carditis: a prospective study of 819 new cases. Clin
Infect Dis. 2010;51(2):131-140.

Erba PA, Pizzi MN, Roque A, et al. Multimodality imaging
in infective endocarditis: an imaging team within the
endocarditis team. Circulation. 2019;140(21):1753-1765.
Jennette JC, Nachman PH. ANCA glomerulonephritis
and vasculitis. Clin J Am Soc Nephrol. 2017;12(10):
1680-1691.

Kobayashi S, Kakeshita K, Imamura T, et al. Clinical
implications of steroid therapy for crescentic

[24]

[25]

[26]

[27]

[28]

[29]

ANNALS OF MEDICINE . 763

glomerulonephritis and gemella morbillorum-associ-
ated infective endocarditis. Intern Med. 2021;60(2):
299-303.

Satoskar AA, Parikh SV, Nadasdy T. Epidemiology,
pathogenesis, treatment and outcomes of infection-
associated glomerulonephritis. Nat Rev Nephrol. 2020;
16(1):32-50.

Jamil M, Sultan I, Gleason TG, et al. Infective endocar-
ditis: trends, surgical outcomes, and controversies. J
Thorac Dis. 2019;11(11):4875-4885.

Alawieh R, Satoskar A, Obole E, et al. Infection-related
glomerulonephritis mimicking lupus nephritis. Clin
Nephrol. 2020;94(4):212-214.

Peng H, Chen WF, Wu C, et al. Culture-negative sub-
acute bacterial endocarditis masquerades as granulo-
matosis with polyangiitis (wegener's granulomatosis)
involving both the kidney and lung. BMC Nephrol.
2012;13:174.

Haseyama T, Imai H, Komatsuda A, et al. Proteinase-3-
antineutrophil cytoplasmic antibody (PR3-ANCA) posi-
tive crescentic glomerulonephritis in a patient with
Down’s syndrome and infectious endocarditis.
Nephrol Dial Transplant. 1998;13(8):2142-2146.

Moing VL, Lacassin F, Delahousse M, et al. Use of cor-
ticosteroids in glomerulonephritis related to infective
endocarditis: three cases and review. Clin Infect Dis.
1999;28(5):1057-1061.



	Abstract
	Introduction
	Materials and methods
	Results
	Clinical manifestations
	Laboratory findings
	Pathological findings
	Treatment and outcome

	Discussion
	Conclusions
	Disclosure statement
	Funding
	Data availability statement
	References


