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Abstract: Infective endocarditis is a potentially fatal condition, and identifying the pathogen is crucial to optimizing antibiotic
treatment. While a blood culture takes time and may yield negative results, it remains the gold standard for diagnosis, blood culture-
negative endocarditis, which accounts for up to 20% of infective endocarditis cases, poses a clinical challenge with increasing
mortality. To better understand the etiology of blood culture-negative infective endocarditis, we reviewed non-culture-based strategies
and compared the results. Serology tests work best in limited pathogens, such as Coxiella burnetii and Bartonella infections. Most of
the pathogens identified by broad-range PCR tests are Streptococcus spp, Staphylococcus spp and Propionibacterium spp. adding
specific real-time PCR assays to the systematic PCR testing of patients with blood culture-negative endocarditis will increase the
efficiency of diagnosis. Recently, metagenomic next-generation sequencing has also shown promising results.
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Introduction

Infectious endocarditis is one of the most serious and potentially fatal diseases. For the diagnosis of infectious endocarditis,
the cornerstone method currently involves culture-based techniques. However, blood culture-negative endocarditis, which
constitutes up to 20% of all infective endocarditis cases, poses a significant clinical challenge.'* Therefore, a lot of efforts
have been made to develop non-culture-based diagnostics.>* It is critical to identify the specific underlying microbial
etiology in blood culture-negative endocarditis in order to refine the regimen of empirical antibiotics.’

Haemophilus aphrophilus, Aggregatibacter actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens,
and Kingella kingae, known collectively as the HACEK group, were historically the most prevalent pathogens in blood
culture-negative endocarditis; however, modern blood culture can identify the aforementioned organism in at least five
days of incubation.®’” Blood culture-negative endocarditis is now more commonly caused by fastidious, slow-growing
bacteria, particularly Coxiella burnetii, Bartonella species, and other nonculturable organisms. The most common causes
of culture-negative endocarditis are unculturable microorganisms and previous administration of antimicrobial agents is
also a cause of blood culture endocarditis.”

The diagnosis of blood culture-negative endocarditis is frequently delayed, increasing the risk of morbidity and
mortality. It has been noted that in culture-negative endocarditis patients, long-term mortality is higher than in culture-
positive endocarditis patients. An ancillary analysis study of 3113 infective endocarditis cases found that in the culture-
negative groups receiving antimicrobial therapy only, the 30-day mortality was significantly higher in culture-negative
endocarditis group compared with the culture-positive endocarditis group, 14.9% and 10.2%, respectively. Furthermore,

heart failure and heart murmur were observed more in culture-negative endocarditis patients.’
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The prevalence of infective endocarditis is 5 to 14.3 per 100,000 adults per year and is increasing over time. This
increase is mainly due to age-related degenerative valvular disease and the increased need for cardiac devices and
invasive procedures including hemodialysis for end-stage renal failure.'™!'! In a retrospective cohort study, with a total of
405 patients with definite infective endocarditis, showed patients older than 65 years old had more predisposing factors
including previous cardiac surgery history and degenerative heart disease compared with younger patients.'? In the past
20 years, with the development of techniques, the etiology of infective endocarditis has changed due to an increase in
cardiac device implantation and prosthetic valve proportion.'® Therefore, it is important to improve the accuracy and
effectiveness of diagnosis and reduce the mortality rate of endocarditis patients.

Metagenomic next-generation sequencing (mNGS) is currently a powerful method to sequence and identify nucleic
acids from a mixed population of microorganisms. Compared to the conventional approach, mNGS has high efficiency
and accuracy. It is expected to become a crucial clinical diagnostic tool in the future.'*'> Traditional methods including
histology, serology, and culture have been used for decades to diagnose infective endocarditis. Molecular techniques have
also been developed to improve the detection of difficult-to-culture agents. Due to existing high mortality of blood
culture-negative endocarditis, mNGS has had its role since 2003, and has rapidly evolved over the past 20 years. It is
evident that additional diagnostic tools and strategies are necessary. In this paper, we reviewed the tools currently used
and the associated approaches in the diagnosis of blood culture-negative endocarditis.

Methods

We searched the English-language medical literature using PubMed/MEDLINE from 1980 to 2022 using the following
keywords: blood culture negative, infective endocarditis, diagnostic tool, next-generation sequencing. The references of
articles found using this search were also reviewed to identify other potential studies that were not located using the
search terms. Studies reporting the method being used to detect of blood culture negative endocarditis were reviewed.
Studies that provided data on the microorganism being detected in the blood culture negative endocarditis and the
proportion of different tool revealed by trials were also included. Exclusion criteria included studies that only docu-
mented a single diagnostic tool to evaluate blood culture negative endocarditis; In total, 18 studies were reviewed in full.
Other 9 articles involved in this study were identified while reviewing the similar articles in above mentioned papers.

Non-Culture-Based Diagnostic Tools for Culture-Negative Endocarditis

Serologic Tests

For pathogens that are fastidious or do not grow in conventional culture, serologic analysis has a role. Serologic test has
long been the test of choice for detecting Coxiella burnetii infection. Furthermore, serological analysis may also be used
to diagnose fastidious organisms such as Bartonella infections. Table 1 illustrates the application of serologic tests in the
diagnosis of culture-negative endocarditis. In a study of 348 cases of blood culture-negative endocarditis between 1983
and 2001 in France, the application of indirect immunofluorescence assays successfully identified Coxiella burnetii (1gG
titer>>1:800), Bartonella spp. (IgG titer>1:800), and Legionella pneumophila (total antibody filter >1:256) as major
causative agents.' In a study of 1998 suspected cases of endocarditis from April 1994 to December 2004 in Marseilles,
France, 427 (21.4%) patients were diagnosed with definite endocarditis, and microbiologic diagnosis was established in
397 (93%) cases. Blood culture identified pathogens in 348 cases (81.5%), and serological testing identified pathogens in
34 cases (8%).'® The detection of Coxiella burnetii and Bartonella spp. by serologic test was therefore thought to be
useful in the diagnosis of blood culture-negative endocarditis.® A similar study was conducted from 2001 to 2009, which
included 819 patients suspected of having blood culture-negative endocarditis. Despite the addition of antibodies specific
to Brucella melitensis using an immunoenzymatic antibody test (titer, >1:200) and Mycoplasma pneumoniae using an
IgM kit, the majority of the identified pathogens were still Coxiella burnetii and Bartonella spp.

Indirect Fluorescent Antibody Tests (IFAT), Enzyme-linked Immunosorbent Assays (ELISA) and Complement
Fixation Tests (CFT) are commonly used serologic tests in Q fever. It is common to use IFAT and CFT in laboratories,
but there are a number of disadvantages, including the subjective interpretation of the results. ELISA, on the other hand,
is well suited to automation and is easy to perform.'® Serological tests have the advantage of being easily accessible, but
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Table | Studies Using Serologic Tests for the Diagnosis of Blood Culture Negative Endocarditis

Country Duration Number Sample Pathogen

France' 1983-2001 348 (268/348) Serology Coxiella burnetii (167)
Bartonella sp (99)
Mycoplasma hominis (1)
Legionella pneumophila (1)

France'® 19942004 248 (36/248) Serology Coxiella burnetii (27)
Bartonella sp (5)
Legionella pneumophila (2)
Aspergillus sp (1)

Chlamydia (1)
France'” 2001-2009 745 (356/745) Serology Coxiella burnetii (274)
UK Bartonella sp (80)
Algeria Legionella pneumophila (1)

Legionella anisa (1)

France® 20102015 283 (41/283) Serology Coxiella burnetii (23)
Bartonella quintana (13)
Bartonella henselae (4)

Legionella pneumophila (1)

have the disadvantage that a single serum sample can be inaccurate, since the IgM phase may persist for a longer period
and can result in false-positive tests, which limits its use in acute infections.

Histopathology

In endocarditis cases who underwent operation, the excised valve can be submitted for histopathology and microbiolo-
gical evaluation, including tissue staining, such as Gram, Giemsa, acid-fast, Warthin-Starry, and Periodic acid-Schiff
stain to identify the etiologic agent.'® Furthermore, Bartonella spp., C. burnetii, and T. whipplei could be identified using
immunohistochemical studies with specific polyclonal or monoclonal antibodies.?’ 2% Histopathological studies provide
a definite diagnosis in some cases. They may also help distinguish infectious endocarditis from neoplasms and
autoimmune disorders that mimic infectious endocarditis. Few identifiable pathogens and low sensitivity limit its use
in culture-negative endocarditis.

Polymerase Chain Reaction (PCR)
Over the past twenty years, molecular techniques have been developed for the diagnosis of endocarditis.”> PCR has also
been used to detect pathogens in both blood and excised tissues.

Specific PCR and broad-range bacterial PCR have been used in diagnosis of endocarditis. However, low microbial
biomass is a great challenge for PCR methods used in blood samples. Infective endocarditis associated with low grade
bacteremia could have microbial load as low as 1 CFU/mL.** Because bacterial DNA often presents in low level in blood
and in abundance in valve tissue. One study showed specific PCR was more sensitive when used in excised valve
compared with blood. Sensitivity of a Bartonella PCR assay on valve tissue was 92% compared to 33% and 36% in blood
and serum, respectively.”> As for broad-range bacterial PCR, although it had been applied to blood samples, sensitivity
was still higher when used in excised valve tissue. Another study showed PCR method detected 66% of endocarditis via
excised valve versus 14% with blood sample.'” In addition to low biomass, substances presented in blood could also
interfere with the 16S/18S PCR reaction. Iron and immunoglobulin were examples of PCR inhibitors. Iron was mainly
associated with hemoglobin from erythrocytes and lactoferrin from leucocytes which may inhibit PCR due to its
inhibition of DNA synthesis. Immunoglobulin, IgG, on the other hand, could connect with single-strand DNA to inhibit
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PCR.?¢ Broad range PCR method was thought to have higher false-positive results due to contamination of specimen
during the extraction process and inhibitor—DNA interaction.?”-*®

Commercial PCR methods are available for identification of common pathogen in sepsis patient. SepsiFast, based on
multiplex real-time PCR, is an automated system for identifying 25 pathogens.?’ The advantage of the SepsiFast is the
short time needed for results (about 5 to 8 hours).”® Another more widely used PCR method is SepsiTest/molzym, which
employs semiautomated system based on broad range PCR plus sequence analysis of amplicons to detect and identify
a broad range of pathogens. SepsiTest has a crucial degradation step that degrades contaminating human DNA.*°
SepsiTest is also used for analysis of blood and excised valve from patients due to wide variety of etiological agents
of infective endocarditis patients.*' In addition, SepsiTest allows for identification of 345 pathogens including bacteria
and fungus.”® However, a systematic review to determine the clinical effectiveness and cost-effectiveness of SepsiTest
and SepsiFast showed no randomized clinical trial evidence indicating any of the tests significantly improved patient
outcomes, such as mortality or duration in an intensive care unit or hospital.>*> Moreover, the ideal diagnosis tool should
be cost-effective for prevalent use, but the cost of SepsiFast system is approximately 75,000 USD, and the SepsiTest
costs between 75,000 and 200,000 USD excluding the cost of reagents.>

Broad-range PCR, such as 16StDNA for bacteria and 18SrDNA for fungi, is highly sensitive to small quantities of
casual agents. A PCR-based examination of an excised valve is useful when a microbiologic diagnosis cannot be made
based solely on blood culture or serology. An earlier study demonstrated that culture-independent molecular methods
significantly enhanced the diagnostic outcome of microbiological examinations of excised heart valves. The sensitivity
and specificity of broad-range PCR were 82.6% and 100%, respectively, in cases of infective endocarditis.** In
a prospective study of 759 cases of blood culture-negative endocarditis, the causative microbe was identified in 62.7%
of case. With the aid of PCR analysis of valvular biopsies, microbiologic diagnosis was established in 109 more cases,
mostly Streptococci, Tropheryma whipplei, Bartonella species, and fungi.'” Broad PCR followed by a high-resolution
melting curve analysis can generate melting curve profiles that are unique pathogens. The melting curve profiles is
dependent on size and sequence of PCR amplicon.>> However, traditional high-resolution melting cure technology has
difficulties in distinguishing individual pathogens in polymicrobial samples.>*

In an observational study of 283 patients with blood culture-negative endocarditis, broad-range PCR identified
pathogens in 52 patients, Abiotrophia spp, Enterococcus spp, Gemella spp, Propionibacterium spp, Staphylococcus
spp, Streptococcus spp, with Propionibacterium acne and Staphylococcus epidermidis being the most common. The
addition of specific real-time PCR assays for Bartonella species, C. burnetii, Enterococcus faecalis, E. faecium,
Escherichia coli, Staphylococcus aureus, Streptococcus gallolyticus, S. oralis, and Tropheryma whipplei increased the
diagnostic efficiency by 24.3%.* Studies using specific PCR and broad-range PCR for the diagnosis of culture-negative
endocarditis are summarized in Tables 2 and 3. Several studies have demonstrated that specific real-time PCR had
a significant specificity for Streptococcus gallolyticus and Staphylococcus aureus endocarditis.>’® Although the use of
broad-range PCR to detect bacteria is increasing, specific PCR assays still demonstrate superior sensitivity.’ One study
from January 2010 to December 2015, including 283 patients with blood culture negative endocarditis, showed that
specific RT-PCR was significantly more sensitive compared to broad range PCR (58 vs 12%).* In clinical microbiology
laboratories, these molecular techniques are not widely available and standardized procedures remain a challenge.

Metagenomic Sequencing
Infective endocarditis is a life-threatening infection despite having current diagnostic tools including culture, serology,
and PCR. In traditional culture method, it takes times to identify microorganisms; at least 48 hours are also required for
antimicrobial susceptibility testing. Nowadays, culture negative endocarditis is often caused by more fastidious patho-
gens, requiring more time for antimicrobial susceptibility testing. Although PCR has decreased turnaround time, up to
60% of infectious cases are caused by unidentified pathogens, leading to delayed or ineffective treatments. ¢34

High mortality of infective endocarditis has no significant improvement over the past years. A systematic review and
meta-analysis of short and long outcomes in infective endocarditis patients from 2000 to 2016 showed the overall pooled
mortality estimates for infective endocarditis patients who underwent short- and long-term follow-up were 20% and 37%,

respectively.*! In addition, the epidemiology of endocarditis has changed in recent years. Therefore, there should be
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Table 2 Studies Using Specific PCR Method for the Diagnosis of Blood Culture-Negative
Endocarditis

Country Duration Number Sample Pathogen

France' 1983-2001 348 (88/348) Valve Coxiella burnetii (41)
Bartonella (47)

France* 20102015 283 (45/283) Valve Bartonella henselae (2)
Bartonella quintana (2)
Coxiella burnetii (3)
Tropheryma whippelii (2)
Enterococcus faecalis (8)
Enterococcus faecium (2)
Mycoplasma hominis (1)
Staphylococcus aureus (10)
Streptococcus gallolyticus (12)
Streptococcus infantarius (1)
Streptococcus oralis (2)

Switzerland®® 2018 1 (171 Valve Cardiobacterium hominis (1)

adjustments to guidelines on diagnostic testing. Instead of the previously mentioned HACEK group, currently, the
dominant pathogens include Staphylococcus aureus (27%) and Streptococcus pneumonia (23%).*' Enterococcus spp.,
especially Enterococcus faecalis, accounts for about 10% of cases. Gram-negative bacilli, including the HACEK group
organisms, accounts for 5% of cases.’

With the advance of techniques and increase in endovascular procedures, there has been an increase in nosocomial
infective endocarditis.'* In a cohort study of 3116 adult patients with diagnosis of infective endocarditis between
January 2016 and March 2018, native valve infective endocarditis accounts for 56.6% of the cases, followed by
prosthetic valve infective endocarditis (30.1%) and cardiac device related infective endocarditis (9.9%).*?
Microorganisms obtained from cultures of cardiac-device-related infective endocarditis patients were predominantly

19 Despite the develop-

Staphylococcus spp. (54%), followed by Streptococcus spp. (12%) and Enterococcus spp. (5%).
ment of diagnostic tools, there are still up to 50% in-hospital mortality.** No significant improvement compared to the
last decades. Therefore, other techniques are emerging as additional diagnostic tools.

In recent years, a method has been developed for detecting pathogens in blood culture-negative endocarditis by
sequencing of clinical specimens. The most common methods of next-generation sequencing includes (1) whole-genome
sequencing, sequencing and assembly of the genome of a pathogen of interest, especially used in the outbreak of new

species to evaluate genetic relatedness.***

(2) targeted NGS with different methods for amplification or probe
hybridization, for example, using 16S rDNA bacterial profiling or PCR amplification of other specified targets followed
by NGS.****¢ (3) metagenomic next-generation sequencing (mNGS). Currently, the data of mNGS suggest that it has high
efficiency and accuracy in the diagnosis of blood culture negative endocarditis."*'> In a study involving 44 patients with
endocarditis using mNGS for diagnosis, superior sensitivity and a shorter turnaround time were demonstrated compared
with culture-based methods.*” In 99 cases of endocarditis, mNGS demonstrated greater sensitivity than culture-based
techniques. Valve mNGS displayed a sensitivity of 85.9%, with a specificity of 72.7% compared to blood/valve culture
(sensitivity: 29.3%/16.2%, specificity: 100%/100%). In addition, mNGS identified more Streptococcus sanguis,
Streptococcus buccalis, and Streptococcus griseus, as well as Proteobacteria and Actinomycetes cases.*®

Streptococcus is an important genus of human and animal pathogens. Based on 16S rRNA gene sequence similarity,
the genus had different groups. However, the variability of members in these groups is low and made it difficult for 16S
PCR to distinguish.** In a prospective cohort study, mNGS identified more Streptococcus sanguis, Streptococcus

buccalis, and Streptococcus griseus, as well as Proteobacteria and Actinomycetes cases.*®
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Table 3 Studies Using Broad Range PCR for the Diagnosis of Blood Culture Negative Endocarditis

Country Duration Number Sample Pathogen

France' 1983-2001 348 (8/348) Valve Tropheryma whippelii(2)
Mycoplasma hominis (1)
Abiotrophia elegans (1)
Streptococcus bovis (2)
Streptococcus mutans (2)

Zurich® 19941996 4 (3/4) Valve Tropheryma whippelii (1)
Streptococcus sp (1)
Mycobacterium chitae (1)

France'® 1994-2004 248 (11/248) Valve Viridans streptococci (3)
Streptococcus bovis (2)
Granulicatella elegans (1)
Mycoplasma hominis (1)
Streptococcus pneumoniae (1)
Streptococcus anginosus (1)
Streptococcus agalactiae (1)
Cardiobacterium hominis ()

Czech®® 19992001 17 (14/17) Valve Streptococcus sp (3)
Staphylococcus sp (2)
Enterobacter (1)
Tropheryma whippelii (1)
Borrelia burgdorferi (1)
Candida albicans (1)
Aspergillus species (2)

Germany®’ 2005 51 (21/51) Valve Streptococcus sp (13)
Staphylococcus sp (4)
Enterococcus (2)
Bartonella quintana (1)

Nocardia paucivorans (1)

France* 2010-2015 283 (52/283) Valve Abiotrophia defectiva (1)
Corynebacterium jeikeium (2)
Enterococcus faecalis (2)
Enterococcus faecium (1)
Gemella morbillorum (1)
Granulicatella adiacens (2)
Haemophilus parainfluenzae (1)
Propionibacterium acnes (8)
Propionibacterium avidum (1)
Staphylococcus aureus (3)
Staphylococcus capitis (2)
Staphylococcus schleiferi (1)
Streptococcus agalactiae (3)
Streptococcus cristatus (1)
Staphylococcus epidermidis (16)
Streptococcus gallolyticus (5)
Streptococcus gordonii (1)

Streptococcus infantarius (1)

(Continued)
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Table 3 (Continued).

Country Duration Number Sample Pathogen

Germany®' 2016-2020 36 (25/36) Valve Streptococcus sp (15)

Haemophilus parainfluenzae (2)

Aggregatibacter actinomycetemcomitans (1)

Abiotrophia defectiva (2)

Staphylococcus aureus (1)

Corynebacterium pseudodiphtheriticum (1) Helcococcus kunzii (1)
Neisseria gonorrhoeae (1)

Tropheryma whippelii (1)

mNGS is also known as unbiased NGS and clinical metagenomics. Its high-throughput parallel sequencing allows for
thousands to billions of DNA and/or RNA fragments to be simultaneously and independently sequenced.'> An important
factor that impacts results is the extraction used in laboratories. Nucleic acid recovery is not the same for all pathogens.
To achieve unbiased sequencing, mNGS needs an efficient extraction method.”®

Currently, PCR is most commonly used in infective endocarditis patients for detection of pathogens in excised value
tissue. However, mNGS can be applied for patients who do not undergo valve surgeries. One study had recorded using
cell-free plasma mNGS in detecting pathogens in 8 out of 10 subjects.’’ Although currently there are only a few studies
on plasma mNGS due to low microbial biomass, it has great potential for patients not receiving surgeries.

Compared with other methods, the mNGS technique has three main advantages. Firstly, mNGS has an unbiased
sampling which enables identification of unexpected pathogens or even novel organisms.>> Secondly, mNGS offers the
accessory genomic information for evolution tracing, strain identification, and most importantly, for prediction of drug
resistances.”> > Lastly, mNGS can examine every DNA fragment and classify independently. It can be used to catalog
individual species comprising a mixture of organisms. Furthermore, NGS provides quantitative data by counting the
sequenced reads, and it is crucial in polymicrobial infection.*®

But there are still some drawbacks of mNGS. Firstly, validation of mNGS is time consuming and extremely costly.
Besides, there is no clear database being clearly pointed out by the US Food and Drug Administration (FDA).*
Physicians interpreting the data need to have a deep understanding of the method. Secondly, microbial nucleic acids
from most patients’ samples are contributed mainly from human host background. This can be addressed by host
depletion and microbial enrichment.'> Lastly, drawback of mNGS includes contamination of the sample, such as skin
flora or oral flora from the procedure. Therefore, laboratories have to be familiar with the common microbial flora existed
in the different types of specimens.’®

Although mNGS has been used for undiagnosed infectious disease in many countries since 2008, there are still
challenges to overcome with respect to quality control, method standardization, workflow validation and data
interpretation.”’

Conclusion

A significant proportion of patients with endocarditis have blood culture-negative findings, and thus the identification of
the causative organism allows refinement of empirical antibiotic use. The is review highlights the strategies and
approaches used in blood culture negative endocarditis patients. We proposed an approach to culture-negative endocar-
ditis in Figure 1 and listed advantages and disadvantages of different methods in Table 4 for comparison.

The use of molecular methods is becoming increasingly common for the diagnosis of culture-negative endocarditis in
both blood and excised valves. In patients undergoing surgery, the excisional valve should be sent for broad-range and/or
specific PCR for identification of the causative pathogen. The presence of bacterial DNA is greater in valve tissue than in
blood, which makes the PCR assays used for testing cardiac excised valve tissues more sensitive than those used for
testing blood or serum. Besides, specific PCR also superior in sensitivity compared to a broad range PCR. In addition,
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Diagnostic strategy for patients with blood culture-negative endocarditis (BCNE)

Figure | A pragmatic approach for determining the causative organism in suspected endocarditis.

Streptococcus species and Staphylococcus species also account for a large percentage of blood culture-negative

endocarditis using polymerase chain reaction.

Serology and PCR may help to identify fastidious pathogens in blood samples or valves with Coxiella burnetii and

Bartonella spp. being the most common identified pathogens. Next-generation sequencing has been applied in the

Table 4 The Advantage and Disadvantage of Different Methods

. Able to detect multiple organisms

Sensitivity in tissue higher than in blood sample

Advantage Disadvantage

Culture I. Gold standard I. Takes long time
2. Difficult to culture fastidious bacteria

Serology I. Inexpensive I. Not available in certain countries

2. The majority of the identified pathogens: 2. Single serum sample can be inaccurate

3. Coxiella burnetii and Bartonella spp 3. False-positives due to IgM phase may persist for

a longer period

Histopathology | I. Rapid I. Low sensitivity if low burden of disease

2. Definite diagnosis 2. Low specificity

3. Inexpensive 3. Few identifiable pathogens

4. Distinguish infectious endocarditis from

5. neoplasms and autoimmune disorders
PCR Rapid I. Sometimes requires more than one amplification

Limited to a small portion of genome

Requires primers

WS

Difficulties in distinguishing individual pathogens
in polymicrobial sample
Challenge in distinguishing between certain

streptococcal species

Metagenomic
NGS

3. Genomic

Unbiased sampling (Hypothesis-free)

Discovery of new or unexpected organisms

identification.

4. Predict drug resistance

NGS provides quantitative data by counting the sequenced reads

(Crucial in polymicrobial infection.)

information for tracing the evolution,

and

strain

I. No clear database being cleared point out
Human host background and should have deple-
tion method

3. Expensive

environmental

Contamination sample with

species
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diagnosis of culture-negative endocarditis and has great value in distinguishing streptococcal species and polymicrobial
infection.

However, before applying metagenomics analysis in the detection of clinical microorganisms, further studies are
required to optimize protocols for sample processing, sequencing, and bioinformatics analysis. For blood culture negative
endocarditis patients, serology of Coxiella burnetii and Bartonella spp. are to be surveyed first, Coxiella burnetii and
Bartonella spp anti-phase I IgG antibody titer of >1:800 is considered positive. Test Brucella if Coxiella and Bartonella
spp. show negative results, and with exposure history, also consider Legionella and Mycoplasma serology. If the patient
has undergone surgery, the excised valve should be sent for culture, specific PCR, and broad-range PCR including
16STRNA and 18SrRNA for bacteria and fungus, respectively. Next-generation sequencing should also be taken into
consideration.
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