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Background: Cases of infective endocarditis (IE) require prompt etiological diagnosis for
effective treatment. Molecular methods can aid in rapid and reliable diagnosis of culture-
negative |E cases. We evaluated the utility of 16S rDNA PCR and sequencing in determin-
ing the causative agents of IE in valve tissues, especially when specimens were obtained
after initiation of antimicrobial therapy.

Methods: We performed 16S rDNA PCR and sequencing in heart valve specimens and
medical records review of 80 patients who underwent protocol-based cardiac surgery from
2013 to 2015. One patient did not meet the criteria for IE. Sixty-five (81.3%) and 14 pa-
tients (17.5%) were diagnosed as having definite IE and possible IE, respectively. Blood
and heart valve biopsy tissue were examined by using routine microbiological methods.

Results: Blood cultures in our hospital were |E-positive for 33 patients (41.8%), whereas
49 patients (62.0%) showed positive blood cultures when initial blood cultures performed
at the referring hospital were included. Eighteen (22.8%) and 40 patients (50.6%) were
|E-positive in valve tissue cultures and 16S rDNA PCR, respectively. Bacteria in the Strep-
tococcus mitis group (n=26) were the most common etiological agents of IE. Eight (10.1%)
culture-negative specimens tested positive by 16S rDNA PCR. In five of eight PCR-positive
and culture-negative cases, fastidious or anaerobic organisms were the cause of IE.

Conclusions: Direct 16S rDNA PCR and sequencing can be used as a supplementary
method to conventional blood and biopsy culture testing, especially in culture-negative IE
cases that are negative for IE by culture.
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INTRODUCTION

Infective endocarditis (IE) is a serious infectious disease that re-
quires early detection [1]. The modified Duke criteria for diag-
nosis of IE include the patient’s condition, microbiological evi-
dence, and medical imaging, including echocardiography. Blood
culture and heart valve biopsy culture are the key confirmatory
tests used for clinical diagnosis of IE. However, the two tests of-
ten do not detect rare and/or difficult-to-culture causative agents.
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About 5% (range, 2.5-31%) of all IE cases are associated with
negative blood cultures [2], which renders prescription of spe-
cific antibiotics to these patients difficult [3]. Since April 2013,
we have applied PCR for amplifying and sequencing the gene
encoding the 16S rRNA (16S rDNA) in heart valve specimens
to detect and identify bacterial DNA [4-6]. PCR has assisted in
correctly diagnosing the blood culture-negative cases of IE, in-
cluding those caused by fastidious or non-cultivable microbes
[7-91.
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We evaluated the utility of 16S rDNA PCR amplification from
heart valve tissues for the etiological diagnosis of patients under-
going cardiac surgery as a result of IE, especially when specimens
were obtained after initiation of antimicrobial therapy.

METHODS

1. Patients
From April 2013 to September 2015, patients with suspected IE
who were admitted and underwent valve replacement surgery
were enrolled prospectively. Patients with definite or possible |E
were diagnosed by using the modified Duke criteria [10, 11].
The modified Duke criteria consist of three categories: two path-
ological criteria, two major clinical criteria, and five minor clinical
criteria. Cases of definite IE were defined to include cases with
one or more pathological criteria, two major clinical criteria, one
major and three minor clinical criteria or five minor clinical crite-
ria. Possible patients with IE were defined as those having one
major and one minor clinical criterion or three minor clinical cri-
teria. The patients’ medical records were reviewed, and clinical
information was collected, including demographics, underlying
conditions, previous antibiotic treatment, and laboratory findings.

Of the 80 patients enrolled in this study, only one patient was
determined to be IE-negative. Sixty-five (82.3%) and 14 patients
(17.7%) were diagnosed as having definite IE and possible IE,
respectively. Table 1 shows the demographic characteristics and
clinical features of the 79 patients with IE. Twenty patients (25.3%)
had been treated for cardiovascular disease or endocarditis. Na-
tive valve endocarditis accounted for 69 (87.3%) IE cases. Four
patients had dental problems, and two patients had undergone
dental procedures. All patients were treated with antibiotics be-
fore valve surgery. The median duration (and range) of pre-op-
erative antibiotic treatment was 5 (1-150) days. The median du-
ration of pre-operative antibiotic treatment for 17 patients who
were positive by PCR and by valve culture was 1 (1-17) days.
The median duration of pre-operative antibiotic treatment for 26
patients who were positive by PCR but negative by valve culture
was 6 (1-58) days.

The study was approved by the Institutional Review Board of
the Asan Medical Center, Seoul, Korea; each patient provided a
written informed consent before enroliment.

2. Conventional cultures
Three sets of blood culture were obtained for each patient with

suspected IE. A continuous monitoring blood culture system,
BACTEC FX system (Becton-Dickinson, Franklin Lakes, NJ, USA),
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Table 1. Clinical characteristics of patients with definite and possi-
ble infective endocarditis (IE) (n=79)

Characteristics Number
Patients
Male (%) 54 (68.4)
Age, median (range) 51 (5-91)
Medical history
Native valve (%) 64 (81.0)
Prosthetic valve (%) 10(12.7)
Previous history of native valve IE (%) 5(6.3)
Cause of cardiac surgery
Mitral valve (%) 39 (49.4)
Aortic valve (%) 24(304)
Tricuspid valve (%) 3(3.8)
Mixed valve™ (%) 8(10.1)
Others' (%) 5(6.3)
Direct smear
Presence of neutrophils 43
Presence of gram-positive bacteria 8
Presence of gram-negative bacteria 1
Median (range) pre-operative antimicrobial trial period (days) 5(1-150)
17 patients who were positive by PCR and by valve culture 1(1-17)
26 patients who were positive by PCR but negative by valve culture 6 (1-58)*
IE type
Definite IE (%) 65 (82.3)
Possible IE (%) 14(17.7)

*Cardiac surgery was performed because of disease in more than two types
of valves; 'Causes of cardiac surgery: myxoma, vegetation, or tubular ade-
noma; ‘The difference of duration between these two groups is statistically
significant (P=0.003 by the Mann-Whitney U test).

was used to culture blood with BACTEC Plus Aerobic/F medium
and BACTEC Lytic/10 Anaerobic/F medium (Becton-Dickinson).
Specimens that generated positive signal in the BACTEC culture
system were tested with MicroScan Combo panels (Siemens
Healthcare Systems, Malvern, PA, USA), MALDI Biotyper (Bruker
Daltonics, Billerica, MA, USA) matrix-assisted laser desorption/
ionization-time of flight mass spectrometry (MALDI-TOF MS) sys-
tem, VITEK2 NH (BioMérieux, Marcy-I'Etoile, France), and/or
ANC cards to identify the causative pathogens. The valve speci-
mens were homogenized by bead beating using the FastPrep-24
instrument (MP Biomedicals, Santa Ana, CA, USA). The disrupted
specimens were divided into two parts: one was used for cul-
ture, and the other was directly processed and used for 16S
rDNA PCR. The disrupted valve specimens were cultured on
blood agar plate and Brucella agar plate, and in thioglycolate
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broth. The positive tissue cultures were identified by using the
same methods as the positive blood cultures.

3. DNA extraction, 16S rDNA PCR, and sequencing

DNA was extracted from the disrupted specimen by using a QIA-
amp DNA mini kit (Qiagen, Valencia, CA, USA) according to the
manufacturer’s protocol. DNA was eluted in a final volume of 50
pLand 5 pL DNA template was used for each PCR reaction. 16S
rDNA PCR was used to amplify the 16S rDNA. The following two
primer sets were used: 8FPL, 5-AGT TTG ATC CTG GCT CAG-
3’, and 806R, 5-GGA CTA CCA GGG TAT CTA AT-3"; 515FPL,
5-TGC CAG CAG CCG CGG TAA-3, and 13B, 5-AGG CCC GGG
AAC GTA TTC AC-3" [12, 13]. Each run included positive and
negative controls. A Dyne PCR Purification Kit (DYNEBIO Inc.,
Seongnam, Korea) was used to purify amplicons. Direct sequenc-
ing of amplicons was carried out by analysis of the amplified pro-
ducts by capillary electrophoresis using the ABI PRISM 3730x/
genetic analyzer (Applied Biosystems). Sequencing reactions
were prepared according to the manufacturer’s instructions (ABI
PRISM Big Dye Terminator Cycle Sequencing Ready Reaction
Kit; Applied Biosystems). Guideline MM18-A of the Clinical and
Laboratory Standards Institute was applied for quality control of
sequences [14].

4. ldentification of bacteria and statistical analysis

We used the GenBank database and EzTaxon-e [15] to compare
the sequences obtained with those of reference organisms [16].
Bacteria were identified according to the criteria specified in the
CLSI MM18-A guideline [14]. Descriptive statistics were used to
describe the basic features of the data. The median durations of
antibiotic use were compared by using the Mann-Whitney U test
of SPSS 21.0 (IBM Corporation, Armonk, NY, USA).

RESULTS

Blood cultures in our hospital were positive for 33 patients (41.8%).
Forty-nine patients (62.0%) had positive blood cultures when
combined with the results of the initial blood cultures performed
at the referring hospital. Fig. 1 shows a comparison of the re-
sults of blood culture, biopsy culture, and/or 16S rDNA PCR. Fifty-
nine cases showed at least one positive result from the three mi-
crobiological tests. Since six patients met the clinical criteria (Dukes
modified criteria) for |E, they were diagnosed as having definite
|E without microbiological confirmation. Twenty (25.3%) and 43
(54.4%) patients were positive for IE in valve tissue cultures and
16S rDNA PCR, respectively. Fifteen cases showed positive re-
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18
(30.5%)

Heart valve culture
(n=20)

Blood culture
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Fig. 1. Comparison of blood culture, heart valve or vegetation biop-
sy culture, and/or 16S rDNA PCR results in cases treated for IE.
The case numbers indicate positive results by blood culture, biopsy
culture, and 16S rDNA PCR results (n=49, 20, and 43, respective-
ly). Twenty cases were negative by all three methods.

sults by all three tests.

The most common etiological organisms were bacteria in the
Streptococcus mitis group (n=26), followed by Staphylococcus
aureus (n=10), Enterococcus spp. (n=4), Staphylococcus epi-
dermidis (n=3), and nutritionally variant streptococci (n=3)
(Table 2). Eight cases were positive by 16S rDNA PCR only, and
the following bacterial etiologies were identified: Streptococcus
constellatus, Streptococcus sanguinis, Streptococcus salivarius,
Haemophilus parainfluenzae, Granulicatella adiacens, Aggrega-
tibacter actinomycetemcomitans, Abiotrophia spp., and Propi-
onibacterium humerusii. Three cases were positive for both cul-
ture methods, but negative for 16S rDNA PCR. The organisms
present in these cases were S. aureus, S. epidermidis, and En-
terococcus faecium. Two cases that were blood culture-negative
were positive by 16S rDNA PCR and biopsy culture of heart valve
specimens; S. mitis group and Streptococcus agalactiae were
determined as the causes of IE in these cases.

Discrepancies between blood culture, heart valve biopsy cul-
ture, and 16S rDNA PCR and sequencing results were observed
in three patients with definite IE (Table 3). In the case of a 61-yr-
old man, both the blood culture and 16S rDNA PCR indicated
infection with Enterococcus faecalis, whereas the heart valve
culture was positive for S. epidermidis. Similarly, in the case of a
28-yr-old woman, blood culture and 16S rDNA PCR results in-
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Table 2. Comparison of blood culture, vegetation biopsy culture, and 16S rDNA PCR results

Only Blood
culture-positive
cases

Organisms N of cases*

Only 16S rDNA-
positive cases

Blood and
biopsy culture-
positive cases

Biopsy and 16S  Blood culture-
rDNA-positive and 16S rDNA-
cases positive cases

All
positive

~

Streptococcus mitis group 26

—_
o

Staphylococcus aureus
Staphylococcus epidermidis
Nutritionally variant streptococci
Enterococcus faecium
Enterococcus faecalis
Streptococcus salivarius group
Streptococcus pyogenes
Streptococcus agalactiae
Streptococcus dysgalactiae
Streptococcus anginosus group
Haemaphilus parainfluenzae
Propionibacterium humerusii
Aggregatibacter actinomycetemcomitans
Dual pathogens’
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*Cases with positive result by any of the three methods (blood culture, vegetation biopsy culture, and/or 16S rDNA PCR); "Two different organisms identified
by blood culture (Actinomyces spp.) and 16S rDNA PCR (S. mutans group); ‘Two cases with vegetation biopsy culture contaminations were excluded.

Table 3. Definite IE cases with discrepancies in results by blood culture, vegetation biopsy culture, and 16S rDNA PCR

Sex Age Valve Blood Biopsy 16S rDNA PCR Clinical decision

M 61 Mitral Enteracoccus faecalis Staphylococcus epidermidis Enterococcus faecalis Contamination in tissue culture
F 28 Mitral Streptococcus sanguinis Klebsiella pneumoniae Streptococcus sanguinis Contamination in tissue culture
F 51 Pulmonary Actinomyces spp. Negative Streptococcus mutans Co-infection

Abbreviation: IE, Infective endocarditis.

dicated S. sanguinis infection, but the biopsy culture was posi-
tive for Klebsiella pneumoniae. The heart valve specimen of a
51-old-yr woman indicated infection with different organisms by
blood culture (Actinomyces spp.) and 16S rDNA PCR and se-
quencing (Streptococcus mutans). This was determined as a
case of co-infection.

DISCUSSION

We determined the microbiological etiologies of 79 patients with
IE who received protocol-based cardiac surgery for 2 yr and 5
months. Blood culture remains an essential method of detecting
IE. The proportion of blood culture-negative cases was 38.0%,
which is higher than that reported in previous studies (7-20%)
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[17]. Since some patients were not diagnosed as having IE ini-
tially and had received empirical antibiotics, this high proportion
of blood culture-negative cases might have resulted from previ-
ous antibiotic use.

The culture-positive valve specimens were 39.5% (17/43)
among patients who tested positive by 16S rDNA PCR. In previ-
ous studies, the percentage of agreement between positive PCR
and valve culture results was 11.1-93.1% [18]. Our study showed
a slightly higher percentage of cases that were positive by both
valve culture and 16S rDNA PCR. This might be associated with
the duration of pre-operative antibiotic use. The average dura-
tion of pre-operative antibiotic use in this study was less than
that in previous studies [19]. In a previous study, the median
duration of pre-operative antibiotic use was 4 (2-8) days for pa-
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tients whose valve specimens were positive by both PCR and
valve culture and 15.5 (1-58) days for patients whose valve spec-
imens were positive by PCR but negative by culture [19]. Our
data showed that bacterial DNA might persist during antibiotic
treatment in infected valve tissue for long periods.

Direct 16S rDNA PCR is useful for identifying the etiologies of
IE in blood culture- or biopsy culture-negative cases, especially
with fastidious organisms such as Brucella spp., Coxiella bur-
netii, Bartonella spp., Tropheryma whipplei, Mycoplasma spp.,
and Legionella spp. [20]. In the present study, five out of eight
culture-negative/16S rDNA PCR-positive cases were caused by
fastidious or anaerobic organisms. The application of broad-spec-
trum PCR significantly increases the ability to detect difficult-to-
culture organisms, including dead bacteria [21, 22]. Three cases
were |E-positive by both culture methods, but negative by 16S
rDNA PCR. The organisms present in these cases were not clas-
sified as fastidious organisms. PCR assays are sensitive but not
without limitations, which include the presence of PCR inhibi-
tors in clinical samples, as well as the risk of contamination in
clinical samples and PCR reagents. In addition, biopsy samples
may not be homogenous, and the results may reflect molecular
assays processed from sterile sites.

Of the three cases which showed discrepancies in the results
of the three tests, two cases were positive for the same organ-
ism by blood culture and 16S rDNA PCR, but the biopsy culture
was positive for different organism. One of those, the biopsy cul-
ture was positive for K. pneumoniae, which was multi-drug re-
sistant and isolated only in enrichment medium, suggesting pos-
sible contamination during inoculation [23]. Since the positive
heart valve culture for the different organism was interpreted as
a contaminant, 16S rDNA PCR and sequencing was helpful in
identifying contaminated culture. In the other case, 16S rDNA
PCR and blood culture identified different pathogens, and the
attending physician prescribed antibiotics to treat both organ-
isms. Thus, 16S rDNA PCR may be a useful tool to complement
conventional culture methods.

Our study has several limitations. First, we did not clone bac-
terial DNA,; therefore, cases of polymicrobial infections could not
be detected. This might have resulted in the relatively low num-
ber of 16S rDNA PCR-positive specimens in our study. Second,
we did not include a control group. We could not evaluate the
specificity, positive predictive value, or negative predictive value
of the 16S rDNA PCR as almost all the patients had IE.

In conclusion, 16S rDNA PCR with sequencing is a useful sup-
portive tool for the etiological diagnosis of IE, especially for cases
of culture-negative IE. PCR and sequencing assays are particu-
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larly useful in the diagnosis of IE in patients who have had prior
antimicrobial therapy, had tested positive by blood culture owing
to suspected contaminants, or are predisposed towards rare in-
fections such as Bartonella endocarditis owing to homelessness
and alcoholism [3].
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