
4Endocarditis-Associated
Glomerulonephritis

Christie L. Boils

Abbreviations
IC Immune complex
MPGN Membranoproliferative glomerulonephritis
ANA Anti-nuclear antibody
ANCA Anti-neutrophil cytoplasmic antibody
C3 Complement component 3
C4 Complement component 4
GN Glomerulonephritis
Ig Immunoglobulin
MPO Myeloperoxidase
MRSA Methicillin-resistant Staphylococcus aureus
MSSA Methicillin-sensitive Staphylococcus aureus
PR3 Proteinase-3

Introduction Overview

Renal biopsy interpretation demands clinico-
pathologic correlation, which is particularly
challenging in cases of endocarditis-associated
glomerulonephritis. Not only can the clinical
diagnosis of endocarditis be challenging, the
morphologic spectrum of endocarditis-associated
glomerulonephritis is unique among
infection-associated glomerulonephritides in that
it can mimic other diseases, and importantly,

those that require a vastly different therapy.
Though much of the available literature pertain-
ing to endocarditis-associated glomerulonephritis
originated from autopsy specimens obtained
during the pre-antibiotic era, it is critical for the
clinician and pathologist alike to be familiar with
the current era of endocarditis-associated
glomerulonephritis literature described in recent
renal biopsy and autopsy series and as well as
case reports, and to maintain a high index of
suspicion.

Infective Endocarditis Terminology

Historically, infection of the heart valves has
been classified as either acute or subacute
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bacterial endocarditis on the basis of clinical
grounds. This division not only reflected severity
of disease and clinical course but also was
influenced by virulence of the infecting
microorganism and presence of underlying car-
diac disease. Acute bacterial endocarditis usually
involves a virulent bacterial organism infecting a
previously normal heart. The classic example of
this is Staphylococcus aureus infection in intra-
venous drug abusers. In subacute bacterial
endocarditis, a bacterial organism of low viru-
lence infects a previously damaged heart, such as
the case in a rheumatic heart infected by Strep-
tococcus viridans. The virulent microorganisms
of acute bacterial endocarditis can lead to
necrotizing valvular infections that are difficult to
cure with antibiotics and may require surgery,
whereas the lower virulence microorganisms in
subacute bacterial endocarditis cause less
destructive disease and a protracted clinical
course typically with a better outcome. Other
causative bacteria include coagulase negative
Staphylococci (Staphylococcus epidermidis),
known to infect prosthetic valves, enterococci,
and the HACEK group of oral cavity commen-
sals (Haemophilus, Actinobacillus, Cardiobac-
terium, Eikenella, and Kingella) [1]. There have
also been reports of Gonococcus and
gram-negative bacteria such as Coxiella burnetii,
Bartonella henselae, and Brucella [2–5].
Although bacteria are the most common cause of
endocarditis, infections are also caused by viru-
ses, fungi, rickettsiae, and chlamydiae [6]. Given
the numerous potential organisms underlying this
disease, the preferred term today is infective
endocarditis.

Furthermore, the glomerulonephritis due to
infective endocarditis is not a postinfectious
glomerulonephritis in that there is no latent per-
iod between eradication of the infection and
onset of the glomerulonephritis, but is rather the
result of an ongoing infection. Hence, the term
endocarditis-associated or -related glomeru-
lonephritis is preferred. In some patients with
infective endocarditis, identification of the
glomerulonephritis coincides with the first clini-
cal recognition of infection [7].

Renal Disease Due to Infective
Endocarditis

Renal disease due to infective endocarditis is
well established with the earliest reports pub-
lished over 100 years ago [8, 9]. The earliest
literature on endocarditis-associated glomeru-
lonephritis originated from autopsy specimens
during the pre-antibiotic era. Though renal
infarction and abscess formation were the most
common findings, Löhlein in 1910, Baehr in
1912, and then in the 1930s Bell each described
glomerular lesions associated with endocarditis
[8–10]. All emphasized the presence of “embolic
lesions.” These lesions were thought to be caused
by small infected emboli from the infected car-
diac valve that lodged within glomerular capil-
laries. Given that septic emboli leading to micro-
and macro-abscess formation was a very com-
mon finding in these autopsy studies, this was a
seemingly sensible explanation for microscopic
focal proliferative glomerular lesions with mild
exudation. However, after prolonged searching
only Baehr was able to demonstrate bacteria
within these glomerular lesions in rare cases [9].
Building upon the work of others, Bell charac-
terized two forms of glomerulitis found in asso-
ciation with endocarditis. The diffuse form he
described as an increase in number and size of
the endothelial cells with thickening of the cap-
illary basement membranes. The embolic or focal
form included the presence of two lesions, “fresh
and fibrotic.” The “fresh hyaline” lesion he
described as thrombosis and necrosis of capillary
loops and the “fibrous lesion” was described as a
segmental or global fibrous obliteration of glo-
meruli. Analysis of his data reveals what appears
to be the first description of epithelial crescents in
the context of infective endocarditis [10].
Although not a point of emphasis, epithelial
crescents were found in 31% of cases studied
with subacute bacterial endocarditis. Even his
well-known description of the “hyaline lesion,”
thought to be the result of the ‘lodgement’ of
bacteria into glomerular capillaries, appears to be
a segmental necrotizing lesion in the photomi-
crographs [10]. Illustrations of crescents
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appeared in publications as early as the 1870s–
1880s by Langhans and Purdy [11, 12]. Recog-
nition that glomerular crescents correlated with
poor outcome began to occur in the early 1900s
by investigators including Volhard and Fahr and
others [8, 13, 14]. However, perhaps Bell’s lack
of emphasis on the presence of crescents and
failure to recognize the necrotizing lesions was
due to the fact that this was written in an era
before the full significance of these findings were
well recognized. One should also keep in mind
that these earlier studies were on autopsy speci-
mens and that they all occurred during the
pre-antibiotic era.

Historical Evolution of Glomerular
Injury Pattern
in Endocarditis-Associated
Glomerulonephritis

Based on these early studies and the many
reports that followed, it was thought that the most
common form of glomerulonephritis associated
with infective endocarditis is a focal, segmental,
or diffuse proliferative glomerulonephritis con-
sisting of the presence of endocapillary prolifer-
ation with occasional infiltrating leukocytes [15–
17]. This is the endocarditis-associated
glomerulonephritis previously discussed in the
major renal medicine [18, 19] and renal pathol-
ogy [20–23] textbooks and was said to be the
major pattern seen in more than 80% of cases of
infective endocarditis with a glomerulonephritis.
However, the literature supporting this view in
these reference works was largely derived from
autopsy studies from the pre- and post-antibiotic
era or early renal biopsy studies from the 1970s.
Renal involvement related to infective endo-
carditis previously described in the literature was
also in part based on clinical observations that
lacked histologic confirmation.

The advent of antibiotics has drastically
altered the clinical course and prognosis of
infective endocarditis. Data by Spain and King
[24] proved the decreased incidence of renal
complications of infective endocarditis with the
use of antibiotic therapy. In time, several

observations argued against the embolic nature
of renal injury in infective endocarditis, and a
circulating immune complex mechanism was
proposed [25–28]. The use of immunofluorescent
microscopy for the evaluation of glomerular
immunoglobulin and complement deposition has
been pivotal in shifting this paradigm. Support-
ing the concept of circulating immune complex
injury, the finding of granular glomerular base-
ment membrane and mesangial deposition of
immunoglobulins and complement was docu-
mented [25]. In contrast, support for activation of
the alternate complement pathway has been
shown in cases of S. aureus infective endo-
carditis [29]. There have also been reports of
endocarditis-associated glomerulonephritis that
show no immunoglobulin or complement posi-
tivity by immunofluorescence, and a single report
of “full house” immunostaining [30–32].

However, though insight into the mechanism
of infective endocarditis-associated glomeru-
lonephritis is better understood, the most com-
mon histologic pattern related to infective
endocarditis was until recently still thought to be
the classic description of infection-associated
glomerulonephritis: a focal, segmental, or diffuse
global proliferative glomerulonephritis consisting
of endocapillary hypercellularity with the con-
spicuous presence of inflammatory cells by light
microscopic examination, and immunofluores-
cence showing granular immune complex depo-
sition positive for C3 and IgG [15–17]. In these
cases, large subepithelial “hump-like” deposits
are typically seen by electron microscopy. These
findings are prototypical of post-Streptococcal
glomerulonephritis and were the pattern most
commonly seen in a recent large series of
post-infectious glomerulonephritis in the elderly
in which Staphylococcus was the most common
infectious agent [33].

Fernandez Guerrero et al. [16] published a
large case series of infective endocarditis in
2012. It was derived entirely from autopsy study
of 68 patients from 1970 through 2008 with
emphasis on cardiac and brain pathology but they
did also examine for glomerulonephritis.
Although renal infarcts and abscess formation
were the most often described renal
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manifestations (in 30–36 and 18–19% of cases,
respectively), still, glomerulonephritis was noted
in 15% of cases between 1970 and 1985 and in
7% of cases between 1986 and 2008, with the
most common pattern focal proliferative
glomerulonephritis, with only one case of diffuse
proliferative glomerulonephritis mentioned and
no other patterns described. Interestingly, in
another autopsy study of 82 cases with infective
endocarditis from 1972 through 1986, Toth et al.
noted 8 cases (10%) of crescentic glomeru-
lonephritis [34]. Of interest, dating back to 1995,
Montseny et al. studied 76 patients with
infection-associated glomerulonephritis, of
which 10 were related to endocarditis. Of these
patients with endocarditis-associated glomeru-
lonephritis, 3 had an endocapillary proliferative
pattern and the majority, 7 patients, were cres-
centic. In comparison, glomerulonephritis related
to all other sites of infection (including upper
respiratory track, lung/pleura, skin, and teeth)
showed an endocapillary proliferative pattern in
the majority of cases, and in only a minority of
cases a crescentic pattern [35]. Additionally, over

the last twenty years, there have been case
reports and mostly small case series describing
the less familiar association of infective endo-
carditis with crescentic glomerulonephritis rather
than focal or diffuse endocapillary proliferative
glomerulonephritis [7, 17, 36–47].

One such series from the modern era was
published in 2000 by Majumdar et al., with the
majority of cases studied from post-mortem
samples. They found that two-thirds of patients
with endocarditis-associated glomerulonephritis
showed a pauci-immune crescentic pattern of
glomerular injury [48]. This long history of
endocarditis-associated glomerulonephritis was
built on by our study of 49 patients in 2015,
which was the largest cohort of endocarditis-
associated glomerulonephritis in the current era
(2001–11) from nonautopsy cases studied
exclusively by renal biopsy [49]. In this book
chapter, this cohort has been further built on
since that publication to now include 62 patients
with endocarditis-associated glomerulonephritis.
Of these 62 patients that fulfilled the modified
Duke criteria [50] for diagnoses of infective

Fig. 4.1 Two glomeruli with segmental necrosis and one
with a cellular crescent (glomerulus on the left) in a
62-year-old male with crescentic glomerulonephritis
associated with mitral valve Streptococcus viridans

infective endocarditis. The uninvolved portions of the
glomerular tufts appear normal, with no mesangial
expansion or endocapillary hypercellularity (Jones methe-
namine silver; �200)
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endocarditis and underwent renal biopsies during
the active phase of their illnesses, crescentic
glomerulonephritis was the most common pattern
of glomerular injury (47%) (Fig. 4.1), followed
by focal or diffuse endocapillary proliferative

glomerulonephritis (43%) (Fig. 4.2), and
mesangial proliferative glomerulonephritis (10%)
(Fig. 4.3). Of the endocarditis-associated cres-
centic glomerulonephritis cases, 41% were
pauci-immune.

Fig. 4.2 Endocapillary hypercellularity in a patient with focal proliferative glomerulonephritis associated with aortic
valve methicillin-sensitive Staphylococcus aureus infective endocarditis (periodic acid-Schiff; �400)

Fig. 4.3 Mild mesangial hypercellularity in a patient with infective endocarditis (periodic acid-Schiff; �400)
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Therefore, endocarditis-associated glomeru-
lonephritis is unique among infection-associated
glomerulonephritides in that more recent studies
demonstrate an evolution in awareness to a
pauci-immune necrotizing and crescentic
glomerulonephritis as the most commonly man-
ifested pattern [49, 51]. Cases with immune
complex deposition still occur, and various pat-
terns are noted by light microscopy including the
more familiar pattern of endocapillary prolifera-
tive glomerulonephritis. Mesangial proliferative
glomerulonephritis also occurs, though least
commonly and consequently receives little
attention in the literature. Thus, the pattern of
glomerular injury related to infective endocarditis
is a spectrum, both in terms of light and
immunofluorescence microscopy findings. The
true incidence of glomerulonephritis associated
with infective endocarditis is unknown, with
autopsy studies reporting up to 22–26% [17, 48].

Clinical Presentation and Laboratory
Data

Clinical Evolution
of Endocarditis-Associated
Glomerulonephritis

Just as the morphologic spectrum of
endocarditis-associated glomerulonephritis has
evolved, our own findings in infective endo-
carditis [49] confirm and extend observations
emphasized in recent reviews documenting the
evolution in clinical findings in bacterial
infection-related GN in adults over the past three
decades [51–53]. This evolution occurring in
recent decades includes the change in demo-
graphics from younger to older patients, the fre-
quency of comorbidities such as diabetes andHIV,
and the change in predominance of infectious
agents from primarily Streptococcal to a broader
array of organisms with predominance of Sta-
phylococci [33, 51, 54, 55].

Infective endocarditis carries a mortality rate
of 40–50% [56]. Over the past decades, infective
endocarditis outcomes have not improved, and
infection rates are steadily increasing [56].

Recent case series and reviews of infective
endocarditis have compared findings from cur-
rent and previous eras, confirmed similar changes
in the demographics of the disease and updated
the clinical and pathologic features in both adults
and children [16, 57]. However, few of these
recent reports have focused primarily on infec-
tive endocarditis-related renal lesions, and much
of the data currently available still includes
predominately autopsy-derived information [16,
48].

Clinical Presentation

In keeping with the overall trends in
infection-related glomerulonephritis, findings in
infective endocarditis in the current era involve
predominately adult males with a 2.6:1 male
predominance, older mean age at biopsy (mean
age 47 years) with 25% elderly patients, and
increased prevalence of Staphylococcal rather
than Streptococcal infection (Tables 4.1 and 4.2)
[49]. In general, postinfectious and
infection-associated glomerulonephritis typically
present with the acute nephritic syndrome and
hypocomplementemia [23]. The most common
presentation of infective endocarditis-associated
glomerulonephritis is acute renal failure in which
there was doubling of the serum creatinine (82%)
(Table 4.1) [49]. This observation that the most
common presentation is acute renal failure rather
than acute nephritic syndrome differs from overall
findings in infection-related glomerulonephritis
[23, 51] and may be unique to this patient popu-
lation with compromised cardiac function. In our
material, only 8% presented with the typical acute
nephritic syndrome of hematuria, hypertension,
and renal failure and only about sixty percent with
low serum complement levels. Other clinical
syndromes at presentation include rapidly pro-
gressive glomerulonephritis (5%), and nephrotic
syndrome with nephrotic range proteinuria
(>3.5 g/day), hypoalbuminemia (serum
albumin <3 g/dL), and peripheral edema (5%)
(Table 4.1). The unique manifestations of
endocarditis-associated glomerulonephritis are
possibly related to the fact that these infections are
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often persistent and ongoing at the time of the
kidney biopsy rather than being a classic postin-
fectious phenomenon [51]. Furthermore, the
diagnosis of glomerulonephritis could prompt
investigations that lead to a diagnosis of infective
endocarditis. Indeed, cases of rapidly progressive
ANCA-positive glomerulonephritis have been
reported as the presenting feature of infective
endocarditis [58, 59].

Predisposing States or Coexisting
Conditions

Conditions favoring endocarditis are noted in a
majority (64%) of our patients, including intra-
venous drug use (37%), prosthetic valves (16%),
and prior valvular disease (11%), yet this leaves
over 50% of patients with no known prior cardiac
disease (Table 4.1) [49]. A minority of patients

Table 4.1 Demographics, predisposing factors for infection, and clinical characteristics of 62 patients with
endocarditis-associated glomerulonephritis

No. of patients (%)

Male: female 45:17 (73:27)

Age, mean years (range) 47 (3–84)

<19 2 (3)

19–29 7 (11)

30–39 14 (23)

40–49 14 (23)

50–59 9 (15)

60 or older 16 (25)

Predisposing factors for infection

Intravenous drug abuse 23 (37)

Prosthetic cardiac valve 10 (16)

Cardiac valve disease/shunt 7 (11)

Hepatitis C 15 (24)

Diabetes mellitus 11 (18)

Clinical presenting syndrome of 60 patients

Acute renal failure 49 (82)

Acute nephritic syndrome 5 (8)

Rapidly progressive glomerulonephritis 3 (5)

Nephrotic syndrome 3 (5)

Laboratory data and serologies

Mean serum creatinine at biopsy (mg/dL) (range) 3.8 (1.0–12.0)

Mean Proteinuria (grams per day) (range) 2.1 (0.5–15)

Hematuria, n = 47 46 (98)

Positive ANA, n = 28 patients tested 4 (14)

Positive ANCA, n = 32 patents tested 8 (25)

C3/C4, n = 40 –

Normal C3 and C4 16 (40)

Low C3, Normal C4 14 (35)

Low C4, Normal C3 1 (2)

Low C3 and C4 9 (23)
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had associated comorbid conditions, with the
most common being hepatitis C infection (24%)
and diabetes mellitus (18%) (Fig. 4.4). Less
common predisposing states or coexisting

conditions included coronary artery disease,
chronic obstructive pulmonary disease, conges-
tive heart failure, autoimmune disease, recent
surgery, and malignancy [49].

Table 4.2 Culture data and cardiac characteristics of endocarditis from 62 patients with endocarditis-associated
glomerulonephritis

No. of patients (%)

Culture results

Positive 57 (92)

Negativea 4 (6)

Unknown 1 (2)

Valve/locationb –

Tricuspid 24 (44)

Mitral 21 (38)

Aortic 13 (24)

Pulmonic 2 (4)

Chordae tendinae 1 (2)

Bacterial agent

Staphylococcus 36 (58)

Methicillin-resistant Staphylococcus aureus 16

Methicillin-sensitive Staphylococcus aureus 17

Staphylococcus not further specified 3

Streptococcus 13 (21)

Streptococcus viridans 4

Streptococcus agalactiae 1

Streptococcus mitis 1

Streptococcus sanguinis 1

Enterococcus faecalis 3

Streptococcus not further specified 3

Bartonella henselae 4 (6)

Coxiella burnetii 2 (3)

Cardiobacterium hominis 1 (2)

Gemella 1 (2)

Location

– Tricuspid Mitral Aortic Pulmonic Chordae

Agent (%) (%) (%) (%) (%)

Staphylococcus 84 48 46 50 0

Streptococcus 8 38 23 0 0

Other or culture-negative 8 14 31 50 100
aOne of the four patients with Bartonella infection was identified by serologies not blood culture
bTwo patients had involvement of both the aortic and mitral valves, three with involvement of both tricuspid and mitral
valves, and one with involvement of tricuspid and pulmonic valves
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Laboratory Data and Serologic Studies

In general, bacterial infections can trigger the
production of various autoantibodies, such as
antinuclear antibodies (ANA), anticardiolipin
antibodies, cryoglobulins, rheumatoid factor, and
anti-neutrophil cytoplasmic antibodies (ANCA)
[37, 60]. In our renal biopsy study of
endocarditis-associated glomerulonephritis [49],
the average serum creatinine was 3.8 mg/dL
(range 1.0–12.0) (Table 4.1). Hematuria was
present in almost all cases. Daily proteinuria
averaged 2.1 g (range 0.5–15). Twenty-eight
patients had an ANA test, 86% of which were
negative. ANCA testing was carried out in over
half of patients and was positive in 25%. ANCA
specificities included both pANCA and cANCA,
as well as cases with dual positivity (Table 4.1)
(Fig. 4.5) [49]. In general, ANCA specificity
associated with endocarditis was initially thought
to be anti-PR3, but cases with dual ANCA pos-
itivity and MPO-ANCA positivity have also now
been reported in association with endocarditis
[37, 49, 61–63]. Testing for cryoglobulins have
varied reports of positivity from 17 to 95%

positive, though many of these studies have
limited renal histologic correlation [60] and the
cryoglobulin test is frequently false negative.
Similarly, large amounts of serum immunoglob-
ulins and circulating immune complexes may be
formed as a result of bacteremia, but this does not
necessarily imply deposition within the kidney
by immunofluorescence [47]. Just over half of
patients (60%) had hypocomplementemia in our
renal biopsy series, which was most commonly
(35%) low C3 (complement component 3) with
normal C4 (complement component 4); since
only a few patients had reduction in C4 this
suggests most had activation of the alternative
complement pathway.

Cardiac Involvement

Infective endocarditis can involve any one of the
four cardiac valves. In our current expanded
study of 62 patients, endocarditis leading to
glomerulonephritis most commonly involved the
tricuspid valve (44%), followed by the mitral
(38%), aortic (24%), and pulmonic (4%) valves

Fig. 4.4 Cellular crescent in a 54-year-old diabetic male with Streptococcus agalactiae tricuspid valve endocarditis
who presented with nephrotic syndrome (periodic acid-Schiff; �400)
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Fig. 4.5 Necrosis in a glomerulus from a patient with a
prosthetic pulmonic valve and Bartonella pulmonic valve
infective endocarditis in which the immunofluorescence
showed 2+ IgG, 2–3+ IgM, and 2–3+ C3. ANCA

serologies were positive for both MPO and PR3. The
patient was treated with antibiotics and steroids, then after
surgical treatment with pulmonic valve replacement, the
ANCA titers decreased. (hematoxylin and eosin; �400)

Fig. 4.6 Global endocapillary hypercellularity in a
47-year-old female intravenous drug user with diffuse
proliferative glomerulonephritis associated with tricuspid
and pulmonic valve methicillin-sensitive Staphylococcus
aureus infective endocarditis. Immunofluorescence

microscopy showed trace IgG, negative IgA, negative
IgM, and 2–3+ C3 in a granular mesangial and capillary
wall pattern. The patient had recurrent infective endo-
carditis two years following the initial biopsy.
(PAS; �400)
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(Table 4.2); infection of more than one valve was
seen in 10% of patients (Fig. 4.6). In our study,
84% represented patients with community-
acquired infective endocarditis in native valves,
94% of which had positive blood cultures com-
pared to 90% positive blood cultures in the
patients with prosthetic valve endocarditis [49].
One of the major Duke’s criteria to the diagnosis
of infective endocarditis is vegetations noted by
echocardiogram; these were noted in greater than
two-thirds of patients in our renal biopsy study
[49]. Of note, because transthoracic echocardio-
gram may not be able to detect small vegetations,
transesophageal echocardiogram may be needed
[64]. The most commonly noted sign of cardiac
involvement in patients without vegetations on
echocardiogram was new valvular regurgitation/
murmur; the most common other criteria for
diagnosis of infective endocarditis in these
patients included fever, septic pulmonary emboli,
and predisposing heart condition or injection
drug use. For the entire cohort, the most common
vascular phenomena was septic pulmonary
infarcts, with only a minority of patients with the
finding of intracranial hemorrhage, and rare
patients with findings including conjunctival
hemorrhages, nail splinter hemorrhages, or evi-
dence of mycotic aneurysm [49].

Infectious Agents

Several studies note a similar rate of
culture-negative endocarditis at about 8–9% [49,
65, 66]. Over half of patients with culture posi-
tive endocarditis are classified as having acute
rather than subacute endocarditis. In our experi-
ence, the agent found on culture in the acute
group is most often S. aureus (58%), with
methicillin resistance in almost half (44%); the
second most common pathogens found are
Streptococcus species (21%) (Table 4.2) [49].
Less common causes of endocarditis noted
include Gemella species, Gonococcus, and
gram-negative bacteria such as C. burnetii, B.
henselae, and Brucella [2–5, 49], as well as the
HACEK group of oral cavity commensals

(Haemophilus, Actinobacillus, Cardiobacterium,
Eikenella, and Kingella) [1]. The most common
cause of endocarditis in patients with history of
IV drug abuse is Staphylococcal infection (86%),
affecting the tricuspid valve or tricuspid and
pulmonic valves in 74%, followed by mitral or
aortic valves in 26% [49].

Pathologic Findings
and Clinicopathologic Correlation

Light Microscopy

Glomerular Findings
The patterns of glomerular injury described
associated with infective endocarditis predomi-
nately include focal or diffuse necrotizing and
crescentic glomerulonephritis, focal or diffuse
endocapillary proliferative glomerulonephritis,
and mesangial proliferative glomerulonephritis.
Rare reports of endocarditis-associated
glomerulonephritis with cryoglobulinemia with
an MPGN pattern have also been described [59].
Designation as focal versus diffuse is made by
applying the typical cut-off value of 50%, with
focal meaning <50% of nonsclerotic glomeruli
are involved and diffuse meaning � 50% of
nonsclerotic glomeruli are involved [67, 68].
Glomerular endocapillary proliferation in biop-
sies with focal or diffuse proliferative patterns is
defined as endocapillary hypercellularity and
occlusion of capillary lumens by endothelial
cells, mesangial cells, and/or white blood cells
from the peripheral circulation. In our study,
cases of endocarditis-associated glomeru-
lonephritis with a crescentic pattern do not show
proliferative changes in portions of the
glomerular tufts uninvolved by necrosis or cres-
cent formation. Glomeruli with an increase in
mesangial matrix and cells without closure of
capillary lumens are included in the mesangial
proliferative group. Proliferation in biopsies with
the mesangial proliferative pattern of glomerular
injury is defined as � 4 cells per mesangial
region in more than 50% of glomeruli without
occlusion of capillary loops [69].
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The most common pattern of glomeru-
lonephritis associated with infection in general is
typically that of endocapillary proliferation.
However, infective endocarditis-associated
glomerulonephritis is unique in that the most
common pattern recently recognized is a cres-
centic glomerulonephritis (in 47% of patients)
(Fig. 4.7); in a majority of patients these
glomerular inflammatory changes are diffuse
(59%) and necrotizing lesions are frequent (79%)
(Table 4.3) [49]. Diffuse endocapillary prolifer-
ative glomerulonephritis is the second most
common pattern (37%) (Fig. 4.8). Of the patients
with proliferative glomerulonephritis, some also
had focal crescent formation. Only two cases in
our renal biopsy study of 49 patients published in
2015 had the previously classically described
pattern of focal proliferative glomerulonephritis
without crescents or necrosis (4%) [49]. Over 20

years prior, case reports and small case series
have also documented the association of infec-
tive endocarditis with crescentic glomeru-
lonephritis rather than focal or diffuse
proliferative glomerulonephritis [7, 17, 34, 36–
47]. In 2000, Majumdar et al. [48] found that
two-thirds of patients with endocarditis-
associated glomerulonephritis showed a pauci-
immune crescentic pattern of glomerular injury.

Mild mesangial hypercellularity is the third
major finding after crescentic and endocapillary
proliferative glomerulonephritis and account for
10% of cases [49]. All of these cases showed
only mild and often segmental mesangial
hypercellularity without endocapillary prolifera-
tion or crescent formation.

In our study of 62 patients with endocarditis-
associated glomerulonephritis, glomerulonephri-
tis with membranoproliferative pattern or

Fig. 4.7 Diffuse necrotizing and crescentic glomeru-
lonephritis with numerous red blood cell casts in a
31-year-old male with culture-negative aortic valve
endocarditis involving 88% of glomeruli. ANCA serology

was negative. The patient was treated with antibiotics,
steroids, and cytoxan, and had persistent renal dysfunc-
tion at 23 months follow-up (Jones methenamine
silver; �100)
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membranous glomerulopathy was not seen.
Specifically, no cases of membranoproliferative
glomerulonephritis with or without cryoglobu-
linemic features or cases of thrombotic
microangiopathy were found. In our study, a
mean of 10% of glomeruli were globally sclerotic
(range, 0–53%) [49].

Tubulointerstitial and Vascular Findings
Acute tubular injury is present in the background
in the majority of cases, typically manifested by
thinning of the tubular epithelium (Fig. 4.9). In
part, this may be the result of obstructed blood

flow through glomeruli and thus impaired perfu-
sion of the tubules by way of the peritubular
capillaries. Red blood cell casts are noted histo-
logically in more than half of the cases. Almost all
cases have interstitial inflammation (Fig. 4.10),
which is most often focal, but abundant interstitial
neutrophils are present in a minority of cases.
Large numbers of eosinophils are usually not seen.

Though infarcts and micro-abscesses are
noted most commonly in autopsy studies, no
micro-abscesses or cortical necrosis were present
in our renal biopsy material of 62 cases. The
degree of tubular atrophy and interstitial fibrosis

Table 4.3 Renal biopsy findings from 62 patients with endocarditis-associated glomerulonephritis

No. of patients (%)

Glomerular pattern of injury by light microscopy

Crescentic 29 (47)

Focal 12 (19)

Diffuse 17 (28)

Necrotizing foci 23 of 29 (79)

Proliferative 27 (43)

Focal 4 (6)

Diffuse 23 (37)

Mesangial Proliferative 6 (10)

Staining pattern by immunofluorescence microscopy

Negative 3 (5)

Granular mesangial only 24 (39)

Granular capillary wall only 2 (3)

Granular mesangial and capillary wall 33 (53)

Location and quality of electron dense deposits by ultrastructural examination

Mesangial electron dense deposits 54 (87)

Subendothelial electron dense deposits 29 (47)

Subepithelial electron dense deposits 21 (34)

Subepithelial or hinge region hump-like deposits 11 (18)

No deposits identified 5 (8)

Immunoreactant profile

IgG IgM IgA C3

Positive staining (%) (mean intensity) 34 (1.8) 34 (2.0) 29 (2.0) 95 (2.5)

C3 + single immunoglobulin or C3 only (%) 6 13 5 37

Combined immunoglobulins IgG IgM IgG IgA IgM IgA IgG IgM IgA

% 8 15 5 5
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Fig. 4.8 Diffuse endocapillary proliferative glomerulonephritis in a patient with methicillin-resistant Staphylococcus
aureus infective endocarditis (hematoxylin and eosin; �100)

Fig. 4.9 Normal appearing glomerulus and surrounding
tubular injury manifested by cytoplasmic thinning and
mild luminal ectasia, from a 45-year-old male with history
of rheumatic fever as a child and mitral valve insuffi-
ciency. He developed mitral valve Coxiella burnetii

infective endocarditis with acute kidney injury and a
renal biopsy showed focal crescentic glomerulonephritis
(not shown) involving 15% of glomeruli. The patient was
treated with antibiotics, and had persistent renal dysfunc-
tion at follow-up (hematoxylin and eosin; �200)
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present was most often mild (<25% of estimated
cortical involvement) (40%) or absent (42%).
Similarly, arteriosclerosis and arteriolar

hyalinosis were most often absent (33%) or mild
(32%). Vasculitis in the form of necrotizing
arteritis was not noted.

Fig. 4.10 Glomerulus with endocapillary proliferation including neutrophils, and surrounding mild interstitial
inflammation in an 84-year-old male with infective endocarditis-associated diffuse proliferative glomerulonephritis
(hematoxylin and eosin; �200)

Fig. 4.11 Glomerulus with coarsely granular mesangial and capillary wall staining for C3 (direct
immunofluorescence; �400)
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Immunofluorescence

One has to pay attention to and look for and
evaluate glomeruli with no or small crescents to
avoid over-interpreting nonspecific staining sec-
ondary to glomerular necrosis and crescent for-
mation. Deposits by immunofluorescence appear
granular, with the location most often either a
combination of mesangial and capillary loop
(53%) (Fig. 4.11) or within the mesangial region
only (39%) (Fig. 4.12) (Table 4.3). Though
completely negative staining by

immunofluorescence for immunoglobulins and
complement is rare (5% of biopsies), up to 44%
of biopsies in our study of 62 patients met criteria
for pauci-immune staining intensity of
immunoglobulins. Almost half of these (12
patients) had crescentic glomerulonephritis by
light microscopy (Table 4.4). Of these 12
patients, ANCA was positive in 3, negative in 5,
and not done in 4. In 2000, Majumdar et al. [48]
also found that two-thirds of patients with
endocarditis-associated glomerulonephritis have
a pauci-immune pattern. Pauci-immune was

Fig. 4.12 Glomerulus with granular predominantly mesangial staining for C3 (direct immunofluorescence; �400)

Table 4.4 Immunofluorescent findings related to light microscopy pattern of endocarditis-associated glomeru-
lonephritis in 62 patients

Crescentic, n = 29 Acute proliferative, n = 27 Mesangial proliferative,
n = 6

Pauci-immune,
n (%)

12 (41) 9 (33) 6 (100)

– % Positive (mean
intensity)

% Positive (mean
intensity)

% Positive (mean intensity)

Immunoreactant

IgG 21 (1.6) 56 (1.9) 0

IgM 55 (2.0) 19 (2.5) 0

IgA 17 (1.8) 52 (2.2) 0

C3 93 (2.5) 100 (2.7) 100 (2.8)
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defined as staining 0–2+ or less intensity for all
immunoglobulins (IgG, IgM, and IgA) on a scale
of 0–4+ [70]. Most pathologists using a 0–3
+ scale, pauci-immune is usually defined as
positivity of 1+ or less. Though the staining
properties of C3 can be controversial and
inconsistently interpreted as immune complex
type or not, in our study of
endocarditis-associated glomerulonephritis, the
definition of pauci-immune disease is defined by
immunoglobulin staining only, and does not
account for the intensity of complement staining
in glomeruli. This also seems prudent given that
large case series have shown glomerular C3
deposition is not uncommon in pauci-immune,
ANCA-associated glomerulonephritis [70, 71].

Immunofluorescence examination in cases of
endocarditis-associated glomerulonephritis will
most likely show C3 (95% of cases show posi-
tivity) (Table 4.3) [49]. C3 also has the highest
mean intensity compared to other immunoreac-
tants when positive (Tables 4.3 and 4.4). Cases
with positivity for at least one subclass of
immunoglobulin will typically also show com-
plement staining. In our study of 62 patients, IgA
was the least common immunoglobulin to be
positive (29%), whereas IgG and IgM were both
positive in 34% (Table 4.3) [49]. Interestingly,
just over half of the cases with an endocapillary
proliferative pattern by light microscopy had
positive IgG (56%), and biopsies with a cres-
centic pattern had IgG in only 21% of cases. In
this study, nine cases had IgA-dominant staining
and an additional two were codominant for IgA
and IgG (total 18%). A “full house” pattern with
IgG, IgM, IgA, and complement positivity was
seen in only 3% of cases. C3 only staining was
present in 37% of cases (Table 4.3).

It is worth mentioning that the definition of
pauci-immune necrotizing and crescentic
glomerulonephritis is arbitrary. Mostly,
“pauci-immune” is defined based on
immunofluorescence findings, and some base
this only on the presence or absence of
immunoglobulins, disregarding complement
(particularly C3). To some, immunofluorescence
with C3 only staining better fits into the category
“pauci-immune” because C3 only is not

technically not part of an “immune complex”
(meaning, complement together with
immunoglobulin). However, strong C3 staining
despite lack of immunoglobulin, especially
together with well-defined electron dense
deposits by ultrastructural examination, still
suggests an immune-mediated process that
should raise the possibility of an infection-related
etiology; this is the case with many of the cases
of endocarditis-associated glomerulonephritis
described herein. The classic designations of
immunofluorescent findings are primarily the
subdivisions of “immune complex type” versus
“pauci-immune.” In reality, C3-predomiant
staining could be a third and separate category
in itself because when C3 only or predominant
staining is detected, one must make the some-
times arduous decision as to which category to
place these findings. For example, in that sense,
many cases of poststreptococcal glomeru-
lonephritis could in theory be classified as
pauci-immune because there is only C3 deposi-
tion, even though there are plenty of subepithelial
“humps” by electron microscopy. Many cases of
infection-associated glomerulonephritis have C3
deposits only or C3-dominant deposits with only
relatively weak immunoglobulin staining. The
key is that pauci-immune is not synonymous
with not being immune-mediated, it is just not
associated with large clumps of immune com-
plexes. For this reason, electron microscopy, if
possible, should be performed in every case
because, if there is a well-perfused glomerulus
with open capillaries present for examination,
and if there are no or very few electron dense
immune-type deposits present, that finding is
more consistent with a pauci-immune process
such as that noted in the majority of
ANCA-mediated disease.

Electron Microscopy

Consistent with immunofluorescence findings,
electron dense deposits by ultrastructural exam-
ination are most commonly present within the
mesangium (Fig. 4.13). In our renal biopsy series
of 62 patients with endocarditis-associated
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glomerulonephritis, mesangial electron dense
deposits were noted in 87% of cases, suben-
dothelial electron dense deposits in 47%
(Fig. 4.14), and subepithelial electron dense
deposits in 34% of cases (Table 4.3); but only
the minority of cases (18%) showed the classic

infection-related large subepithelial humps [49].
Interestingly, in more than one series of
IgA-dominant Staphylococcal
infection-associated glomerulonephritis in the
literature, large subepithelial humps were simi-
larly rare or were not seen [72, 73]. In contrast, in

Fig. 4.13 Small electron dense deposits within the glomerular mesangium (arrows) (osmium tetroxide, �12,000)

Fig. 4.14 Subendothelial electron dense deposit in a patient with diffuse proliferative glomerulonephritis associated
with prosthetic aortic valve Streptococcus viridans infective endocarditis (osmium tetroxide, �12,000)
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a study of 109 elderly patients with postinfec-
tious glomerulonephritis from various etiologies
combined, subepithelial electron dense deposits
were seen in 92% of cases and in most cases
exhibited a “hump-shaped” appearance [33].
Therefore, while it is helpful when large
“hump-like” subepithelial or hinge region elec-
tron dense deposits are noted, their absence does
not exclude an infectious etiology. The degree of
foot process effacement in endocarditis-
associated glomerulonephritis ranges from none
to severe, with approximately equal proportions
of none, mild, moderate, and severe [49].

Clinicopathologic Correlation

Infectious Agent and Biopsy Findings
Interestingly, although there was no statistical
difference between the occurrences of staphylo-
coccal or streptococcal species on blood cultures
between pauci-immune cases and those with
immune complex deposition in our series, all
cases with Bartonella, Coxiella, or Cardiobac-
terium on culture had immunoglobulin and C3
deposition by immunofluorescence [49]. We did
not find significant associations between the
bacterial agent on culture and the various light
microscopic patterns of glomerulonephritis
except that most cases with Bartonella, Coxiella,
Cardiobacterium, or Gemella had crescentic
glomerulonephritis and 3/4 cases of
culture-negative endocarditis patients had cres-
centic glomerulonephritis. Similarly, Bookman
et al. [4] and Liapis (referenced in [23]) presented
4 cases of B. henselae endocarditis-associated
necrotizing and crescentic glomerulonephritis
which mimicked vasculitis by light microscopy,
with C3 staining by immunofluorescence and
mesangial and subendothelial deposits by elec-
tron microscopy [4, 23].

Immunopathology
The immunopathology of endocarditis-associated
glomerulonephritis has not been well character-
ized previously beyond identification of IgG and
C3 deposition in an immune complex pattern
[25–28, 48]. Recent biopsy series suggest that

more complex pathogenic mechanisms are
involved. Although C3 staining was positive in
virtually the entire cohort in our large renal
biopsy series, staining for IgG was present in
only 34% and in fewer than 21% of those with
the most severe crescentic lesions [49]; in fact,
IgM was equal to IgG as the most commonly
noted immunoglobulin (34%), and showed
higher mean staining intensity when positive
(2.0) compared to IgG (1.8) (Fig. 4.15,
Tables 4.3 and 4.4). A lack of immunoglobulin
staining in crescentic endocarditis-associated
glomerulonephritis has been noted in more than
one study [48, 49]. The finding of prominent C3
staining and the presence of readily detectable
immune deposits by EM are more consistent with
the C3-dominant pattern of immune deposition
commonly seen in infection-related GN in gen-
eral [51]. Some C3 deposition can also be seen in
ANCA-associated vasculitis in 33–85% of cases;
however, electron microscopy usually shows no
or only few deposits [70, 71, 74].

Furthermore, there is as much inconsistency
in the literature as there is controversy regarding
the classification of glomerulonephritis as
immune complex-type versus pauci-immune. In
theory, the term “immune complex” would refer
to complexes of both immunoglobulins together
with complement components identified by tis-
sue immunofluorescence study. One must
observe when the term “immune complex-type”
is reported yet immunofluorescence reveals C3
only without immunoglobulin staining. Though
large amounts of serum immunoglobulins and
circulating immune complexes may be formed as
a result of bacteremia, this does not necessarily
imply deposition within the kidney by
immunofluorescence.

Interestingly, despite the now known associ-
ation of IgA-dominant infection-associated
glomerulonephritis occurring with staphylococ-
cal infections in both diabetic patients and non-
diabetics [72, 73] and the fact that staphylococcal
infections are now the most common causative
agent for endocarditis-associated glomeru-
lonephritis, IgA is present in less than one third
of cases of endocarditis-associated glomeru-
lonephritis by immunofluorescence.
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Crescentic Glomerulonephritis
and Differential Diagnosis of Vasculitis
Initiating mechanisms that lead to crescent for-
mation have been simplified to antibodies (in-
cluding ANCA via activating neutrophils and
anti-GBM) and immune complexes, however,
more complex and heterogeneous mechanisms
are likely triggers to glomerular injury. Today,
when a pauci-immune crescentic glomeru-
lonephritis is present, the emphasis is on
ANCA-associated glomerulonephritis and it can
be easily forgotten that glomerular injury of
various etiologies can result in crescent forma-
tion. Indeed, crescentic glomerulonephritis has
been recognized by others as a final and fatal
pathway of several etiologically diverse
glomerular disease processes [75]. The common
initiating mechanism is rupture or compromise of
glomerular capillary walls, allowing inflamma-
tory mediators to enter Bowman’s space and

stimulate epithelial proliferation. The presence of
fibrin is an indication that plasma constituents
have entered as well. In time, the cells of the
crescent are replaced by collagen as evidenced
by the evolution of cellular crescents to fibro-
cellular and then fibrous crescents. Rather than
being a specific disease, necrotizing and cres-
centic glomerulonephritis is the most severe form
of glomerular inflammation observed histologi-
cally [76]. Today, we know the aggressive nature
of this lesion and the importance of excluding
ANCA-associated disease when a crescentic
glomerulonephritis is present. After all,
ANCA-associated disease is the most common
cause of pauci-immune crescentic glomeru-
lonephritis [74, 77].

However, endocarditis-associated glomeru-
lonephritis is an important entity to consider in
the differential diagnosis given the significant
morphologic and clinical overlap (Fig. 4.16).

Fig. 4.15 Glomeruli with necrosis and cellular crescent
formation from a biopsy with crescentic glomerulonephri-
tis involving 75% of glomeruli, associated with tricuspid
valve Streptococcus mitis infective endocarditis in a
43-year-old female intravenous drug user. ANCA

serology was negative. Immunofluorescence microscopy
showed 2–3+ IgM and C3 in a granular mesangial and
capillary wall pattern. The patient was treated with
antibiotics and had a full renal recovery at 6 months
(Jones methenamine silver; �200)
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Importantly, the presence of a positive ANCA
serology does not exclude the possibility of
endocarditis-associated glomerulonephritis, as
25% of patients tested for ANCA were positive
in our series. In another study, 20% of cases with
endocarditis-associated pauci-immune necrotiz-
ing and crescentic glomerulonephritis were
ANCA positive [48]. There have also been sev-
eral recent case reports detailing this pitfall as
well [37, 61, 78–83]. Of note, the forms of small
vessel vasculitis that can accompany glomeru-
lonephritis or that can occur associated with
ANCA disease in the kidney, including necro-
tizing arteritis, necrotizing arteriolitis, and
leukocytoclastic medullary angiitis were not
present in any of the 62 patients in our renal
biopsy series with endocarditis-associated
glomerulonephritis. However, the skin manifes-
tations of endocarditis including Osler’s nodes,
Janeway lesions, and splinter hemorrhages can
mimic cutaneous vasculitis associated with
ANCA. In a study by Chirinos et al. of eight
ANCA-positive patients with subacute bacterial
endocarditis, seven had skin manifestations, most
commonly purpura [78].

Given that infectious organisms have long
been thought to play a significant role in both the
development and the activation of ANCA, the
finding of a significant number of patients with
both infective endocarditis and pauci-immune
crescentic glomerulonephritis should perhaps not
be surprising [74, 84, 85]. Renal biopsies with
pauci-immune crescentic glomerulonephritis
associated with strong C3 staining should raise
the possibility of endocarditis. However, even
though C3 staining is very common in biopsies
with a crescentic pattern (that is, it is sensitive), it
is not specific in that renal biopsy case series
from documented ANCA-associated glomeru-
lonephritis show glomerular C3 staining in 33–
85% of cases [70, 71, 74]. Of course, the best
preserved glomeruli should be evaluated and
interpreted by both immunofluorescence and
electron microscopy, as C3 may be entrapped
within areas of scarring, and even immunoglob-
ulins can become entrapped within areas of fib-
rinoid necrosis. Therefore, it is important for the
clinician and renal pathologist alike to always
interpret biopsy findings in the context of clini-
copathologic correlation and to maintain a high

Fig. 4.16 Necrosis and circumferential cellular crescent in a 30-year-old male with ANCA-negative diffuse crescentic
glomerulonephritis associated with methicillin-resistant Staphylococcus aureus infective endocarditis (Masson’s
trichrome stain; �400)
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index of suspicion for the changing face of
infective endocarditis-associated glomeru-
lonephritis, especially considering the potential
adverse outcome if a patient with endocarditis
was mistakenly treated for ANCA-associated
glomerulonephritis with cytotoxic agents in lieu
of antibiotics.

Diagnostic Challenges of Endocarditis
and Endocarditis-Associated
Glomerulonephritis

The clinical identification of infective endo-
carditis can be very difficult. In one report,
infective endocarditis was unrecognized in
almost 20% of cases at the time of nephrology
consult [48]. Also, in the most recent large
autopsy series, infective endocarditis was not
diagnosed until autopsy in 38.2% of cases [16].
Though they also examined their cases pre- and
post-echocardiography availability, the intro-
duction of echocardiography did not reduce the
undetected diagnosis rate in their autopsy series.
These studies are in disagreement with current
reliance on either the original or the modified
Duke criteria for the diagnosis of endocarditis
[50, 86, 87]. Fernandez Guerrero et al. [16]
attribute this to the common absence of fever,
cardiac murmurs, and other clinical features
considered characteristic of infective endocardi-
tis. Transthoracic echocardiogram is less sensi-
tive than transesophageal. If transthoracic
echocardiogram is negative and there is suspi-
cion for endocarditis, transesophageal echocar-
diogram has to be performed [64, 88].
Additionally, the prevalence of negative blood
cultures among patients with endocarditis ranges
from 2.5 to 31% [65] and, in one report, 19% of
patients with culture-negative endocarditis were
afebrile [66]. Although knowledge of both the
clinical and pathologic spectrum of glomeru-
lonephritis in patients with infective endocarditis
in the current era is expanding, including the
frequency of acute kidney injury and of cres-
centic glomerulonephritis, these clinical diag-
nostic challenges suggest that the immunologic

mechanisms that underlie endocarditis-associated
glomerulonephritis are more complex than pre-
viously appreciated. Perhaps the spectrum of
pathological findings is in part due to the spec-
trum of infectious agents and pathophysiology as
well.

As previously mentioned, another challenge
the pathologist and clinician alike encounter is
the morphologic overlap between renal biopsy
findings in ANCA-associated glomerulonephritis
and infective endocarditis-associated glomeru-
lonephritis, and the fact that 20–25% of patients
with infective endocarditis-associated glomeru-
lonephritis can have positive ANCA serology
[48, 49]. Furthermore, noninfective
ANCA-associated endocarditis is yet another
complicating factor when considering the differ-
ential diagnosis of bacterial endocarditis [78].

Pathogenesis

Several questions regarding the pathogenesis of
the glomerulonephritis in patients with infective
endocarditis have been raised. Initially, the
glomerulonephritis was believed to be embolic in
nature. Subsequently for many years, an under-
lying immune complex pathogenesis was
assumed based on immunofluorescence findings
of granular IgG and C3 deposits in glomeruli
[25–28]. However, our largest renal biopsy series
to date supports a primary immune complex
mechanism in only a minority of patients, a
conclusion also reached by others [48]. Several
possibilities may explain when glomerular
immune complex (IC) formation does occur;
these include passive trapping of ICs from the
circulation, formation of ICs in situ following
prior localization of exogenous cationic bacterial
antigens, or reactivity of an IgG antibody with
endogenous components of the glomerulus itself
as occurs in membranous nephropathy or
anti-glomerular basement membrane antibody
disease [89]. In the latter case, molecular mimi-
cry between glomerular and bacterial con-
stituents would likely be involved, thus making
the process autoimmune in nature [52]. In a
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majority of cases, it is likely that formation of
ICs in glomeruli is not the principal pathogenic
event given the paucity of IgG deposition found
in cases of severe glomerulonephritis and the
probable alternate pathway mechanism of com-
plement activation.

Several potential mechanisms could explain
how glomerular tissue injury occurs in patients
with infective endocarditis without IgG deposi-
tion. Bacterial antigens could localize in glo-
meruli independently of antibody and cause
injury through initiation of activating the plasmin
system or direct activation of the alternate com-
plement pathway via mannose-binding lectin,
thus producing a C3-dominant nephropathy. This
is the case of the Streptococcal pyogenic exo-
toxin B antigen incriminated in
post-Streptococcal glomerulonephritis [52, 90].
Staphylococcal super-antigens are also capable
of causing direct tissue injury in the absence of
immune deposits, especially to endothelial cells
[91]. No studies of biologic activity or localiza-
tion of bacterial antigenic proteins in infective
endocarditis have yet to be performed.

Another possible mechanism that has been
reported from several sources could be formation
of the associated ANCA antibody in patients
with infection [61, 78]. Bacterial infections that
are well-known to lead to ANCA-positive
serology include suppurative lung disease, and
infections with Pseudomonas, Klebsiella,
Escherichia Coli, and Ross River virus [74, 84,
85, 92]. High levels of cytokines secondary to
the infection may prime neutrophils and mono-
cytes to be activated by ANCA when present,
therefore result in a synergistic inflammatory
process [93]. This concept is supported by
worsening glomerulonephritis and increased
levels of circulating tumor necrosis factor-alpha
in mice with anti-myeloperoxidase (MPO)-rela-
ted glomerulonephritis after injection of bacterial
lipopolysaccharide [94]. Induction of antibodies
to complementary peptides of the target antigen
(auto-antigen complementarity) leading to
anti-idiotypic antibodies that react with
self-proteins such as proteinase 3 (PR3) has been
postulated for infectious agents such as

Staphylococci, which then can produce autoim-
mune tissue injury without depositing in glo-
meruli [95]. If these ANCA antibodies are
pathogenic in these patients rather than a sec-
ondary phenomenon, they are believed to dam-
age glomeruli indirectly by activating neutrophils
in the microvasculature. The activated neu-
trophils then release complement-activating fac-
tors which lead to alternative pathway activation
involving the C5a receptor [84, 85, 96]. Another
consideration is the consequence of coinfection
by hepatitis C virus (HCV) in some of these
patients. Chronic HCV infection can lead to
prolonged antigen stimulation and severe
autoimmune manifestations including induction
of ANCA against MPO, PR3, and bactericidal
permeability increasing protein and cathepsin G
[83, 97, 98].

Lastly, the recent explosion of interest in
glomerulopathies with a dominance of C3
deposition has clarified the role of both inherited
and acquired abnormalities in
complement-regulatory proteins, such as com-
plement factor H (CFH), in contributing to
unregulated activation of the alternative com-
plement pathway and thus deposition of com-
plement proteins in glomeruli [99]. Initiation of
complement activation by infections in the
presence of inherited or acquired abnormalities in
complement regulation has been documented to
lead to persistent, chronic C3 nephropathies, with
similar pathologic appearances to many of the
patients with documented infective
endocarditis-associated glomerulonephritis
[100]. Therefore, some of the lesions seen in
endocarditis-associated glomerulonephritis could
reflect an underlying complement-regulatory
protein dysfunction.

Another unique feature of endocarditis-
associated glomerulonephritis is that these occur
during the course of infection rather than a latent
reaction seen weeks after as in other etiologies of
infection-associated glomerulonephritis. Perhaps
this in part has to do with the protracted course
that can occur in endocarditis or that when the
glomerulonephritis is detected the infection had
already been going on for some time.
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Treatment and Outcome

Treatment

The presence of both a serious infection and a
serious glomerulonephritis produces a challeng-
ing therapeutic dilemma. Certainly treatment of
the infection is paramount, though no clear
guidelines exist as to whether the addition of
steroids with or without cytotoxic agents is
helpful or harmful. There are case reports of
successful use of plasmapheresis in
endocarditis-associated glomerulonephritis [39,
101]. One report of an ANCA-negative S. viri-
dans endocarditis-associated diffuse crescentic
glomerulonephritis with C3 and C1q staining by
immunofluorescence showed dramatic improve-
ment with plasmapheresis [42]. Others have
reported using plasmapheresis plus immunosup-
pression [44], while some report therapeutic
success with antibiotics alone [45]. Also reported
is a case of ANCA-positive Streptococcus bovis
and Neisseria subflava infective endocarditis in a
patient with vasculitic purpura showing resolu-
tion of skin lesions and renal recovery with
antibiotic therapy alone [102].

Treatment data was obtained from 48 of 62
patients with endocarditis-associated glomeru-
lonephritis in our study, and consisted of antibi-
otics in 71% of patients and antibiotics plus
immunosuppressive therapy in 29%, with the
latter comprised of combinations of prednisone,
methylprednisone, and/or Cytoxan. Only one
patient was treated with antibiotics plus pred-
nisone and also received plasma exchange. Sur-
gical treatment was performed in 21% of patients
including seven with valve replacement and three
with valve repair. More details of the treatment
are provided in Chap. 5.

Follow-up and Outcome

Ultimately, the prognosis of a patient with
endocarditis-associated glomerulonephritis most
likely has more to do with the various extra renal
manifestations, such as brain and lung involve-
ment, than with the renal findings. In our renal

biopsy study of 62 patients with
endocarditis-associated glomerulonephritis,
follow-up and outcome data were available in 45
patients with an average follow-up term of
21 months (range 0.5–84 months). For outcome
analysis, end-stage renal disease was defined as
requiring renal replacement therapy, persistent
renal dysfunction was defined by elevation of
serum creatinine 0.2 mg/dL above baseline
levels or follow-up creatinine >1.2 mg/dL (for
those in whom baseline levels were unavailable),
and complete recovery was defined as normal-
ization of serum creatinine to baseline levels or to
creatinine � 1.2 mg/dL (for those patients in
whom baseline creatinine were unavailable). Of
these 45 patients, eleven died (25%); 5 pro-
gressed to end-stage renal disease (11%), 15 had
persistent renal dysfunction (33%) and 14 had
complete renal recovery (31%) (Table 4.5).

Of the eleven patients that died, one was a
three-year-old child and ten were adults (age
range 31–79 years, mean 61); seven of these
deaths occurred within two months of biopsy.
The valve involved by endocarditis was the
aortic valve in five patients, tricuspid valve in
three, mitral valve in two, and combined tricus-
pid and mitral valves in one. Four patients had a
prosthetic cardiac valve. Common clinical find-
ings in all eleven patients that died include fever
and vegetations by echocardiogram, as well as a
combination of various other clinical findings.
The organisms on culture included C. burnetii,
Gemella species, Bartonella, and S. viridans,
with the remainder Staphylococcal species. Over
half were treated with antibiotics alone (60%)
and less than half (40%) with antibiotics and
immunosuppression. There were no clinico-
pathologic trends useful in differentiating the
patients that died versus surviving patients
(Figs. 4.17 and 4.18). Among surviving patients,
those with higher percentages of globally scle-
rotic glomeruli, more interstitial fibrosis, and
higher average serum creatinine at biopsy had
worst outcomes.

While a second attack of infection-associated
glomerulonephritis may be unusual as is the case
with post-Streptococcal glomerulonephritis, in
our study, two patients (3%) were found to have
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Table 4.5 Outcome and associated clinical and pathologic features in 45 patients with endocarditis-associated
glomerulonephritis

Death End-stage renal
disease

Persistent renal
dysfunction

Complete
recovery

No. of patients (% out of 45 with
follow-up)

11 (25) 5 (11) 15 (33) 14 (31)

Agent on culture, n (%)

Staphylococcus 6 (55) 4 (80) 5 (33) 10 (72)

Streptococcus 1 (9) 1 (20) 5 (33) 2 (14)

Other or culture-negative 4 (36) 0 5 (33) 2 (14)

Light microscopy pattern

Focal crescentic 3 (27) 0 3 (20) 3 (21)

Diffuse crescentic 5 (46) 1 (20) 5 (33) 3 (21)

Focal proliferative 1 (9) 0 0 0

Diffuse proliferative 1 (9) 3 (60) 5 (33) 8 (57)

Mesangial proliferative 1 (9) 1 (20) 2 (14) 0

Treatment, n(%)

Antibiotics only 7 (64) 4 (80) 9 (60) 10 (71)

Antibiotics and immunosuppression 4 (36) 1 (20) 6 (40) 4 (29)

Valve replacement or surgical repair 1 (9) 1 (20) 4 (27) 3 (21)

Fig. 4.17 Global endocapillary hypercellularity in a 66-year-old male with aortic valve Coxiella burnetii endocarditis.
The patient was c-ANCA positive and had normal serum complement levels. The patient succumbed to his illness and
died 1.5 months after the biopsy was performed (hematoxylin and eosin; �400)
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recurrent attacks of endocarditis-associated
glomerulonephritis (data not previously repor-
ted). Both patients were females in their late 40s
with history of intravenous drug use and hepatitis
C virus infection. One had methicillin sensitive
S. aureus (MSSA) pulmonic and tricuspid valve
endocarditis treated with antibiotics leading to
full recovery of renal function, followed by
recurrent MSSA endocarditis two years later
requiring tricuspid valve replacement. The other
patient had Enterococcus mitral valve endo-
carditis treated with antibiotics and five months
later mitral valve replacement and AV fistula,
followed by recurrent infective endocarditis and
infected shunt with fever, methicillin resistant S.
aureus bacteremia, seizures, and stroke.
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