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ABSTRACT Infective endocarditis is life-threatening; identification of the underlying
etiology informs optimized individual patient management. Changing epidemiology,
advances in blood culture techniques, and new diagnostics guide the application of
laboratory testing for diagnosis of endocarditis. Blood cultures remain the standard
test for microbial diagnosis, with directed serological testing (i.e., Q fever serology,
Bartonella serology) in culture-negative cases. Histopathology and molecular diag-
nostics (e.g., 16S rRNA gene PCR/sequencing, Tropheryma whipplei PCR) may be ap-
plied to resected valves to aid in diagnosis. Herein, we summarize recent knowledge
in this area and propose a microbiologic and pathological algorithm for endocarditis
diagnosis.
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Despite recent advances in diagnostic and therapeutic strategies, the mortality of
infective endocarditis remains high, with more than one-third of patients affected

dying within a year following diagnosis (1, 2). Identification of the specific underlying
microbial etiology is essential for optimal patient management; delays in microbial
diagnosis may contribute to late initiation of effective antimicrobial therapy, influenc-
ing morbidity and mortality. The modified Duke criteria provide a basic scheme for
diagnosis and definition of endocarditis and rely on detection of infecting microorgan-
isms in addition to echocardiographic and clinical findings (1, 3). The finding of two (or
more) blood cultures positive for a typical microorganism consistent with infective
endocarditis is a major criterion for infective endocarditis as is positive Q fever serology
(anti-phase I IgG titer of �1:800). Echocardiographic findings are also considered but
are beyond the scope of the manuscript.

The epidemiology of endocarditis, which has shifted in recent years, should guide
diagnostic testing. Today, staphylococci and streptococci combined cause �80% of
cases. Staphylococcus aureus remains the dominant pathogen, associated with �25% to
�30% of cases, while coagulase-negative staphylococci account for �11% of cases (4,
5). Streptococci, primarily viridans group streptococci, cause �30% of cases, with
Streptococcus gallolyticus (a Streptococcus bovis group member) being involved in
�20% to �50% of streptococcal cases (4, 5). Enterococci, especially Enterococcus
faecalis, account for �10% of cases (4, 5). Gram-negative bacilli account for �5% of
cases and include the HACEK group organisms (Haemophilus, Aggregatibacter, Cardio-
bacterium, Eikenella, and Kingella species) and, less commonly, non-HACEK Gram-
negative bacilli, such as the Enterobacteriaceae and nonfermenting Gram-negative
bacilli. Fungi are rare endocarditis causes, with Candida species being the most
common. A number of uncultivable or challenging to cultivate organisms cause
endocarditis, the most common of which are Coxiella burnetii, Bartonella species, and
Tropheryma whipplei.

Endocarditis most often involves the aortic or mitral valves, with tricuspid valve
involvement accounting for fewer than 10% of cases often in association with injection
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drug use (4, 6, 7). Endocarditis associated with prosthetic valves or cardiovascular
implantable electronic devices accounts for approximately one-third of cases and is
most commonly caused by staphylococci (4, 7). Coagulase-negative staphylococci are
more frequent causes of prosthetic versus native valve endocarditis, while viridans
group streptococci more commonly cause native than prosthetic valve endocarditis.
Although the majority of endocarditis cases are community acquired, health care-
associated endocarditis is increasing and now accounts for approximately one-third of
endocarditis cases in North America (4). S. aureus, coagulase-negative Staphylococcus
species, and enterococci are most frequently detected in health care-associated cases.
Organisms acquired in health care settings are notable for being increasingly resistant
to antibacterial agents; methicillin-resistant S. aureus, for example, is more frequently
associated with health care-acquired than community-acquired endocarditis, and most
cases of endocarditis caused by non-HACEK Gram-negative bacilli are health care
associated (8).

ROLE OF BLOOD CULTURES IN DIAGNOSIS OF INFECTIVE ENDOCARDITIS

Endocarditis is an endovascular infection associated with the persistent presence of
infecting microorganisms in blood. For this reason, blood cultures are the standard test
to determine the microbiologic etiology of infective endocarditis. Routine blood cul-
tures incubated on modern automated, continuous-monitoring blood culture systems
allow recovery of almost all easily cultivable agents of endocarditis without additional
specialized testing, such as prolonged incubation or terminal subculture. Recommen-
dations regarding the number and timing of blood cultures differ by guideline set. The
American Heart Association and the European Society of Cardiology recommend at
least three sets of blood cultures collected from different venipuncture sites, with at
least 1 h between the first and last draw (1, 6). The British Society for Antimicrobial
Chemotherapy (BSAC) recommends collection of two sets of blood cultures within 1 h
of each other in patients with suspected endocarditis and acute sepsis and three sets
of blood cultures spaced �6 h apart in cases of suspected subacute or chronic
endocarditis (9). Conventionally, three sets of blood cultures, with each set including
one aerobic and one anaerobic bottle, are collected. Alternatively, two sets may be
collected, with two aerobic and one anaerobic bottle per set (i.e., a total of six blood
culture bottles) (10). Yield of blood cultures is directly related to volume of blood
cultured, with properly filled blood culture bottles (i.e., 10 ml of blood per Bactec or
BacT/Alert bottle) being essential. Most, if not all, blood cultures from patients with
endocarditis caused by microorganisms able to grow in blood culture systems should
be positive, provided that blood cultures are appropriately collected and drawn prior to
the administration of antimicrobial therapy; a single positive blood culture does not
typically represent an endocarditis pathogen. Although the concept of spacing blood
culture draws to detect continuous bacteremia is promulgated in the above-referenced
guidelines, separation of blood culture draws over time is not the norm for routine
blood culture draws. We are not aware of evidence supporting the value of spaced
blood culture draws for etiologic diagnosis of endocarditis; for these reasons, we do not
recommend routinely spacing blood culture draws in cases of suspected endocarditis.

Standard blood culture incubation times of 5 days are adequate for recovery of
almost all cultivable causes of endocarditis, including Candida species. The HACEK
organisms were classically considered challenging to detect in blood cultures due to
their fastidious nature; accordantly, in the past, prolonged incubation times were
advised. With current blood culture systems, extended incubation (and terminal blind
subculture) is unnecessary for recovery of these organisms, as they are easily grown and
detected within the standard 5-day incubation period (11, 12). Current blood culture
systems also contain sufficient supplements to support growth of Abiotrophia and
Granulicatella species (nutritionally variant streptococci). Brucella species are infrequent
causes of endocarditis in the United States, and detection in routine blood cultures is
typically achieved within the standard 5-day incubation period (13); notably, serologic
testing may be helpful if exposures are suggestive of Brucella endocarditis. Cutibacte-

Minireview Journal of Clinical Microbiology

September 2017 Volume 55 Issue 9 jcm.asm.org 2600

http://jcm.asm.org


rium (formerly Propionibacterium) acnes deserves special consideration, however, as
some strains of this species may require prolonged blood culture incubation (e.g., 14
days) (14). The Clinical and Laboratory Standards Institute (CLSI) guidelines recommend
terminal subculture to chocolate agar if blood cultures are negative at 5 days and an
endocarditis diagnosis is under consideration (15). However, current evidence fails to
support the usefulness of blind subculture, and this practice is not recommended in the
BSAC guidelines (9, 16). Fungal endocarditis is most commonly caused by Candida
species, which should grow in routine blood cultures. Noncandidal fungal causes of
endocarditis (e.g., Histoplasma capsulatum, Aspergillus species) are rare, require special-
ized testing (e.g., antigen detection, specialized fungal blood cultures), and should only
be considered in patients with specific risks for these types of endocarditis (e.g.,
malignancy, injection drug use, prolonged health care exposure, presence of a pros-
thetic heart valve) after more common etiologies have been excluded.

DIAGNOSIS OF CULTURE-NEGATIVE ENDOCARDITIS

Blood cultures are negative in 2% to 40% of cases of endocarditis, with some studies
reporting blood culture-negative rates up to 71% (4, 5, 17–19). The causes of so-called
“culture-negative endocarditis” fall into two categories: negative blood cultures due to
concomitant or antecedent antibacterial therapy or the presence of an organism that
does not grow in routine blood cultures, with the first being more common. Even if
considered necessary, antibacterial agents should not be started in patients with
suspected endocarditis until after blood cultures have been collected. For cases in
which antibiotics have been administered prior to blood culture collection, consider-
ation may be given to stopping antibiotics if possible, with recollection of blood
cultures after an antibiotic-free period. While 7 to 10 days off antimicrobial therapy has
been recommended, the ideal length of time needed off therapy is unknown and may
vary depending on the infecting organism, antibiotics used, and duration of therapy
administered (9). Nevertheless, many patients with bacterial endocarditis receive anti-
biotics without blood cultures having been appropriately collected, obfuscating sub-
sequent microbiologic diagnosis of endocarditis.

In patients who have not received antibiotics, the most common etiologies of
culture-negative endocarditis are C. burnetii and Bartonella species, with the former
accounting for 28% to 37% and the latter accounting for 12% to 28% of cases (7, 20).
T. whipplei causes up to 6% of cases of culture-negative endocarditis (7, 20, 21). C. acnes,
a rare cause of endocarditis, may cause culture-negative endocarditis due to the
requirement for prolonged blood culture incubation for growth of some strains (14); in
addition, some strains may not grow in blood cultures. Mycoplasmal endocarditis, while
rare, is primarily caused by Mycoplasma hominis and is usually diagnosed using
molecular methods. Traditionally, Mycoplasma pneumoniae has been considered an
important cause of culture-negative endocarditis, but reported cases have relied pri-
marily on serologic testing, rendering these historical diagnoses questionable. The
incidence of extremely rare causes of endocarditis, such as those caused by Legionella
species, Chlamydia/Chlamydophila species, and Mycoplasma species other than M.
hominis, is unclear and requires further study, especially in light of evolving diagnostics.

A number of microbiologic tools have been developed to facilitate identification of
an infectious agent in patients with suspected endocarditis and negative blood cul-
tures. These technologies should be incorporated into a multimodal strategy to opti-
mize detection of the etiological agent in culture-negative endocarditis.

Serologic testing. For organisms that do not grow in routine bacterial cultures (e.g.,
C. burnetii) or are especially fastidious (e.g., Bartonella species), serologic evaluation may
aid in diagnosis. In one study, when evaluated in conjunction with blood cultures,
systematic serologic testing established an etiological diagnosis in an additional 8%
(34/425) of patients (5). In a separate investigation focused on culture-negative endo-
carditis, serology provided a diagnosis in 77% (268/348) of cases (20). Organisms for
which serologic tests have been shown to aid in the diagnosis of endocarditis include
C. burnetii and Bartonella species (and, in areas where Brucella endocarditis occurs,
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Brucella species). Generally, these pathogens cause subacute endocarditis resulting in
elevated IgG titers. Serology for C. burnetii is the best established serologic test for the
diagnosis of endocarditis and is included as a major criterion in the modified Duke
criteria (1, 3). In chronic Q fever with endocarditis, anti-phase I IgG C. burnetii titers of
�1:800 are diagnostic. Aside from that for C. burnetii, specific serological criteria for the
diagnosis of endocarditis have not been incorporated into the modified Duke criteria,
although Bartonella endocarditis is often diagnosed by serologic testing. Dependence
on antibody detection for etiological diagnosis of endocarditis may be complicated by
serologic cross-reactivity; most notably, Chlamydia/Chlamydophila serologic assays
demonstrate high level cross-reactivity with Bartonella species, possibly leading to
erroneous diagnoses of chlamydial endocarditis (22). Low-level cross-reactivity has also
been demonstrated between Bartonella and Coxiella, although in cases of endocarditis,
antibody titers against the “true” agent are typically more elevated than those against
the cross-reacting organism. Seroreactivity resulting from prior exposure to organisms
unrelated to the episode of endocarditis under evaluation may confound interpreta-
tion. Serologic testing for extremely rare causes of endocarditis (e.g., Legionella species,
Chlamydia/Chlamydophila species) is not recommended due to challenges with falsely
positive results.

EVALUATION OF EXCISED CARDIAC VALVULAR TISSUE
Histopathology. Surgical intervention is performed in 25% to 53% of cases of

endocarditis (2, 23). If a microbial diagnosis has not been established at the time of
surgery (e.g., by positive blood cultures or positive C. burnetii serology), excised valvular
tissue should be submitted for histopathological and microbiological evaluation. If a
microbial diagnosis has already been established, additional microbiological testing is
typically unnecessary, although histopathological evaluation is often still performed.

On gross examination, vegetations may be soft, friable, or firm and vary in size
based on the infecting organism; discrete vegetations are not, however, always
present. Representative sections of the valvular material should be processed for
histopathology. On histologic examination of excised valve tissue, patterns and
degrees of inflammation will vary depending on the infecting organism (Fig. 1).
Endocarditis caused by highly virulent organisms, such as S. aureus, is often
associated with acute inflammation characterized by extensive neutrophilic infil-
tration as well as large colonies of microorganisms with associated areas of tissue
destruction. In cases of subacute endocarditis caused by less virulent organisms,
such as viridans group streptococci, in addition to focal colonies and neutrophilic
inflammation, evidence of healing, including fibrin deposition and mononuclear
inflammatory cells, may be present. In cases of endocarditis caused by Bartonella
species, C. burnetii, or T. whipplei, valves primarily show chronic inflammation and
may be grossly normal in appearance. Mononuclear, rather than neutrophilic,
infiltration predominates and macrophages are most frequently observed (24).
Abundant foamy macrophages are the primary finding in T. whipplei endocarditis.
Macrophages may also be found in C. burnetii endocarditis, although the infiltration
is typically less pronounced than with T. whipplei infection and the inflammatory
response may be mistaken for degenerative changes. Histopathologically, Barto-
nella endocarditis typically shows marked fibrosis with minimal vegetation forma-
tion, in addition to macrophage and lymphocytic infiltration.

Bacteria are often apparent as basophilic or eosinophilic colonies on hematoxylin
and eosin (H&E)-stained tissue (Fig. 1A). Not all bacteria are readily detectable in
H&E-stained tissue, however, and it is common practice to evaluate a panel of stains
when endocarditis is suspected, including Gram and Grocott-Gomori methenamine
silver (GMS). The tissue Gram stain (e.g., Twort’s, Brown and Brenn, Brown and Hopps)
is commonly used for identifying and characterizing bacteria in cardiac valves (Fig. 1B
and D) but may fail to highlight some organisms, particularly in the setting of prior
antibiotic administration. The GMS stain, while classically used for the identification of
fungi, may offer increased sensitivity for identification of bacteria in valve tissue
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(Fig. 1C). Additional stains that are useful in some settings include Warthin-Starry,
Ziehl-Neelson, periodic acid-Schiff (PAS), and organism-specific immunohistochemical
stains. Like GMS, PAS will highlight most bacteria and may offer increased sensitivity
over tissue Gram stain. PAS with diastase is also the stain of choice for visualizing T.
whipplei within foamy macrophages in cases of Whipple’s endocarditis (Fig. 1D).
Although Warthin-Starry stains may be used to identify weakly staining bacteria, such
as Bartonella species, staining is nonspecific and, in our experience, heavy background
precipitate often renders this stain difficult to interpret. The Ziehl-Neelson stain may be
used for the detection of acid-fast bacteria, such as mycobacteria, but these are rare
causes of endocarditis. Immunohistochemical techniques using organism-specific an-
tibodies increase the sensitivity of histologic detection for difficult-to-identify organ-
isms in tissue, but these methods may only be available in specialized reference
laboratories and commercial antibodies are not available for many organisms. Caution
should be exercised when interpreting staining properties of organisms in valves
removed from patients on antimicrobial therapy, as bacterial morphologies and stain
properties may be altered. Additionally, the presence of organisms in tissue does not
necessarily indicate active endocarditis, as clearance of organisms is delayed compared
to sterilization of the vegetation (17).

Importantly, histopathological analysis may facilitate the diagnosis of noninfectious
causes of endocarditis, such as neoplastic and autoimmune causes, which account for

FIG 1 Histopathological findings of endocarditis. (A) Section of mitral valve from a case of streptococcal endocarditis showing focal basophilic bacterial colonies
(arrow) at low magnification (�40 total magnification, hematoxylin and eosin [H&E]). (B) Higher magnification of the case shown in (A) demonstrating clearly
defined cocci (�1,000 total magnification). (C) Gram stain of streptococcal endocarditis demonstrating Gram-positive cocci mixed with occasional Gram-
negative staining organisms (arrows; �1,000 total magnification, Twort’s Gram stain). It is common to see inconsistent staining patterns in Gram-stained tissue
sections. (D) Gram stain of Cutibacterium acnes endocarditis from a bioprosthetic aortic valve demonstrating Gram-positive bacilli (�1,000 total magnification,
Twort’s Gram stain). (E) Grocott-Gomori methenamine silver (GMS) stain of streptococcal endocarditis highlighting the external contours of the cocci. GMS stain
often provides increased sensitivity over tissue Gram stain for the detection of bacteria in valvular tissue. (F) Endocarditis caused by Tropheryma whipplei. Note
the large foamy macrophages with periodic acid-Schiff [PAS]-positive staining (�1,000 total magnification, PAS stain with diastase).
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up to 3% of cases of culture-negative endocarditis (7). Detection of autoantibodies in
serum, such as rheumatoid factor, antinuclear antibodies, and anti-DNA antibodies,
should be pursued in patients for whom no infectious etiology is apparent.

Culture. Microorganism identification by culture of cardiac vegetations is consid-
ered a pathological criterion, meeting the definition of definite endocarditis by the
modified Duke criteria; accordingly, excised valves are often submitted to the micro-
biology laboratory for culture and Gram stain (1). Current recommendations for the
diagnosis of endocarditis also recommend culture of valvular tissue, with culture results
being used to direct the duration of postoperative antimicrobial therapy (1, 6, 9). Gram
stain of tissue processed in the microbiology laboratory may be more sensitive than
histopathological Gram stain of tissue sections, 81% versus 67% in one study; however,
in 10% of cases, the histopathology Gram stain detected organisms while the micro-
biology Gram stain was negative (17). Unfortunately, several studies have shown that
culture of valve tissue suffers from low sensitivity and specificity, with positive cultures
in only 6% to 26% of endocarditis cases (17, 18, 25). A microorganism different from
that identified by blood culture or valve PCR was detected in 36% (10/28) of positive
valve cultures in one study, suggesting a high rate of false positivity of valve culture
(25). Likewise, cultures of valves from patients without evidence of endocarditis were
falsely positive in 28% (293/1,030) of cases, a finding attributed to contamination
during processing (25). Because of the low specificity of valve cultures, routine culture
of valvular tissue removed for reasons other than possible endocarditis is not recom-
mended. In cases of blood culture-positive endocarditis, results of valve cultures may
cause unnecessary confusion if valve cultures generate discrepant (i.e., falsely positive)
results. In cases of blood culture-negative endocarditis, valve tissue culture still suffers
from low sensitivity and specificity, although growth of an organism does allow for
antimicrobial susceptibility testing. When available tissue is insufficient for all tests of
interest, in our opinion, culture should not be prioritized over more sensitive assays,
such as molecular testing.

Molecular techniques. Molecular methods are increasingly utilized to aid in the
diagnosis of culture-negative endocarditis and have been applied to both blood and
excised valve tissue. Molecular methods used in endocarditis diagnosis include
organism-specific PCR and broad-range bacterial PCR followed by sequencing. Cur-
rently, these techniques are not widely available in clinical microbiology laboratories,
but laboratory-developed tests (LDTs) performed in specialized reference laboratories
and large clinical laboratories are available. LDTs using organism-specific primers have
been developed for C. burnetii, Bartonella species, T. whipplei, C. acnes, and M. hominis,
among others. Due to the relative abundance of bacterial DNA in valve tissue versus
blood, testing of cardiac valve tissue with organism-specific PCR assays is more sensi-
tive than testing blood or serum. For example, in one study, sensitivity of a Bartonella
PCR assay on valve tissue was 92% (48/52) compared to 33% (20/60) and 36% (25/70)
sensitivity in blood and serum, respectively (26). Nevertheless, a PCR result on blood
may be helpful when positive.

Broad-range bacterial PCR, with amplification primers targeting the bacterial 16S
rRNA gene, is a molecular method for detecting bacteria in general. Following ampli-
fication, bacterial identification is determined by sequencing amplified DNA followed
by comparison of the sequence to established databases. Although broad-range bac-
terial PCR has been applied to blood sources, sensitivity is superior when performed on
excised valve tissue, with an organism detected in 66% (150/227) of endocarditis cases
in one study compared to just 14% (35/257) of cases when performed on EDTA blood
(7). Broad-range bacterial PCR performed on valve tissue has a reported sensitivity of
33% to 90%, while sensitivity of valve culture in the same studies was 8% to 33% (7,
27–31). Differing patient populations and assay designs likely account for variations in
sensitivities between studies. In cases of blood culture-negative endocarditis, an or-
ganism was identified by broad-range bacterial PCR of valve tissue in 60% to 100% of
cases across five studies (28–30, 32, 33). Broad-range bacterial PCR assays have dem-
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onstrated high specificity (77% to 100%), with detection of contaminating organisms
being rare (27, 29). While sensitivity may not be ideal in patients with infective
endocarditis who undergo surgical excision of the affected valve and for whom no
etiologic agent has yet been identified, we recommend testing valvular tissue by
broad-range bacterial PCR when histopathologic examination of excised tissue shows
acute inflammation.

Broad-range fungal PCR is technically possible but has low yield for endocarditis
diagnosis due to the rarity of fungi as causes of endocarditis (7, 31). Specificity may also
be an issue; in one study, 13% (15/117) of valves tested were positive by broad-range
fungal PCR, with 53% (8/15) of positives determined to be contaminants (31).

When considering molecular testing of cardiac valves, it should be borne in mind
that organism-specific PCR assays often demonstrate superior sensitivity compared to
broad-range PCR. In cases where both broad-range bacterial PCR and organism-specific
PCR were performed for the diagnosis of endocarditis, 62% (76/123) of specimens were
positive by targeted PCR only, while only 2 specimens were positive by broad-range
PCR only (34). For the diagnosis of Bartonella endocarditis, Bartonella-specific PCR
applied to cardiac valve tissue was positive in 92% (48/52) of cases while broad-range
PCR of valve tissue identified Bartonella in only 60% (21/35) of cases (26). Therefore, for
diagnosis of culture-negative endocarditis, broad-range bacterial PCR should not be
performed in lieu of organism-specific PCR.

Caution should be exercised in the interpretation of nucleic acid amplification test
results from removed valves after completion of antibiotic therapy. Long-term persis-
tence of bacterial DNA has been reported in patients who have completed a full course
of antibiotic therapy, in some cases several years after diagnosis of endocarditis. In one
study, PCR was more likely to be positive in valves with histologic evidence of
endocarditis, although PCR was positive in 23% (7/30) of patients with a history of
endocarditis but no histological findings consistent with active endocarditis, suggest-
ing that bacterial DNA may persist even after resolution of tissue lesions (35). Con-
versely, results can be falsely negative due to the presence of PCR inhibitors, the
presence of microbial nucleic acid below the limit of detection of the assay being used,
or sampling error since microorganisms are often not homogenously distributed in
resected valves.

A PROPOSED MICROBIOLOGIC AND PATHOLOGICAL DIAGNOSTIC ALGORITHM
FOR ENDOCARDITIS

A multimodal testing strategy for the diagnosis of culture-negative endocarditis,
employing culture, serology, histopathology, and molecular analysis, is essential for
optimal sensitivity and specificity in identifying an infectious etiology in order to assist
clinicians in selecting ideal antimicrobial therapy. A proposed testing strategy is shown
in Fig. 2. Notably, this algorithm should be applied in the context of clinical evaluation
of the patient and other findings (e.g., echocardiography) supportive of a diagnosis of
endocarditis. Positive blood cultures are the standard means of microbial diagnosis of
infective endocarditis; blood cultures should be collected prior to initiation of antibiotic
therapy. In cases of culture-positive endocarditis (i.e., two positive blood cultures), no
additional microbiology testing is necessarily needed, although histopathologic eval-
uation of valvular tissue, if excised, is typically performed to confirm the diagnosis of
endocarditis. In cases of culture-negative endocarditis, C. burnetii and Bartonella serol-
ogy should be performed and consideration given to performing T. whipplei PCR on
blood. If the patient undergoes valvular resection, histopathology and staining of the
resected valve is recommended. If a microbiological diagnosis has not been estab-
lished, molecular testing of fresh excised valve tissue (or formalin-fixed, paraffin-
embedded valve tissue if fresh tissue is unavailable) should be guided by histopatho-
logic evaluation and includes broad-range bacterial PCR as well as specific PCR assays
for T. whipplei, C. burnetii, and Bartonella species. Ideally, a representative sample of
valvular tissue should be specifically collected in the operating room for molecular
testing. With the advent and availability of molecular testing, routine culture of valve
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tissue appears to be less valuable than molecular testing, and molecular testing should
be prioritized if sufficient tissue for all testing is unavailable. If no evidence of acute
inflammation or other histological features of endocarditis is detected upon expert
review of the valve tissue, and no organisms are detected by special stains, noninfec-
tious etiologies should be considered.

UNMET NEEDS AND FUTURE RESEARCH QUESTIONS

In recent years, the epidemiology of endocarditis has changed and, at the same
time, improved diagnostics have become available. However, there remain several

FIG 2 Diagnostic testing for identification of the microbiological etiology of infective endocarditis. This algorithm is intended
for use in patients with clinical and/or echocardiographic findings suggestive of infective endocarditis based on the modified
Duke criteria (3). Strong recommendations appear in boldface, with other diagnostic testing considerations shown in standard
typeface. 1, Details on blood culture collection are provided in the text. 2, C. burnetii anti-phase I IgG antibody titer of �1:800
is considered positive. 3, The sensitivity of T. whipplei PCR from blood in endocarditis is unknown; a negative result should
not be used to rule out T. whipplei endocarditis. 4, If surgery is not performed, consider testing for noninfectious
etiologies. 5, Histologic evaluation is used to evaluate for infectious and noninfectious etiologies and for correlation with
microbiology test results. 6, Ideally, a representative sample of valvular tissue should be specifically collected for molecular
testing in a sterile fashion in the operating room. 7, If sufficient valvular tissue is available after sampling for histopathological
and molecular (microorganism-specific and broad-range) testing, consider culture and microbiology Gram stain. Due to the
low sensitivity and specificity of culture, molecular testing should be prioritized over culture. 8, PAS-D, periodic acid-Schiff with
diastase. Macrophages infected with T. whipplei will stain PAS positive following diastase digestion. 9, Examples include
Mycoplasma hominis and Cutibacterium (formerly Propionibacterium) acnes PCR. By permission of the Mayo Foundation for
Medical Education and Research. All rights reserved.
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unmet diagnostic needs. Improved strategies to promote collection of blood cultures
before administration of antibiotics in patients with potential endocarditis are wel-
comed, as this will likely reduce rates of culture-negative endocarditis. Future studies
are needed to define whether or not a third blood culture set is required when routine
collection includes only two bottle sets, as given the continuous bacteremia charac-
teristic of endocarditis, two sets may be adequate if properly performed (i.e., aerobic
and anaerobic bottle, adequate blood volume). The use of valve cultures in directing
duration of postoperative antimicrobial therapy should be reevaluated given the low
specificity of valvular culture. Diagnostic options in blood culture-negative, serology-
negative endocarditis where valvular tissue is unavailable remain inadequate. The
relatively high and persistent microbial burden in blood of patients with endocarditis
provides a potentially ideal setting for direct-from-blood molecular panels specifically
tailored for the detection of cultivable as well as challenging-to-cultivate etiologic
agents of endocarditis, in addition to relevant antimicrobial resistance genes (e.g.,
mecA). Such panels may also be applied to excised valvular tissue. Metagenomic
shotgun sequencing approaches, while not routinely used at this time for infectious
diseases diagnosis, are promising and may be applied to resected cardiac valves or
even blood, plasma, or serum, providing the possibility of detecting not just bacteria
but also fungi as well as markers of antimicrobial resistance. Improved serologic
diagnostics for T. whipplei are welcomed, although serologic responses in asymptom-
atically colonized individuals may limit this approach. The establishment of formal
diagnostic criteria for interpretation of Bartonella serology results in the context of
endocarditis, and inclusion of these criteria in infective endocarditis guidelines, should
be considered. The development of endocarditis serologic panels may ultimately help
streamline test ordering. Finally, we note that expert histological examination of
excised valvular tissue is of great diagnostic value; the development, standardization,
and prospective evaluation of histologic criteria for the diagnosis of endocarditis are
welcomed as is training of infectious diseases pathologists in this specific field.
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