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Abstract Molecular tools have shown an added value in the
diagnosis of infectious diseases, in particular for those caused
by fastidious intracellular microorganisms, or in patients re-
ceiving antibiotics before sampling. If 16S rDNA amplifica-
tion had been gradually implemented in microbiology labora-
tories, specific real-time polymerase chain reaction (PCR)
would have permitted an increase in the sensitivity of molec-
ular methods and a reduction of contamination. Herein, we
report our experience in the diagnosis of infectious diseases
over two years, during which 32,948 clinical samples from
18,056 patients were received from France and abroad.
Among these samples, 81,476 PCRs were performed, of
which 1,192 were positive. Molecular techniques detected
intracellular microorganisms in 31.3% of respiratory samples,
27.8 % of endocarditis samples and 51.9 % of adenitis

samples. Excluding intracellular bacteria, 25 % of the positive
samples in this series were sterile in culture. Conventional
broad-range PCR permitted the identification of fastidious and
anaerobic microorganisms, but specific real-time PCR
showed a significant superiority in the diagnosis of
osteoarticular infections, in particular for those caused by
Kingella kingae and Staphylococcus aureus, and for endocar-
ditis diagnosis, specifically when Streptococcus gallolyticus
and Staphylococcus aureus were involved. The sensitivity of
conventional broad-range PCR was 62.9 % concerning over-
all diagnoses for which both techniques had been performed.
These findings should lead microbiologists to focus on
targeted specific real-time PCR regarding the clinical syn-
drome. Finally, syndrome-driven diagnosis, which consists
of testing a panel of microorganisms commonly involved for
each syndrome, permitted the establishment of 31 incidental
diagnoses.

Introduction

Molecular biology has been playing an increasingly important
role in the diagnosis of infectious diseases since the invention
of polymerase chain reaction (PCR) in 1983 [1]. Its rapid
implementation in clinical microbiology laboratories has been
one of the key diagnostic tests in disciplines as diverse as
virology [2], parasitology/mycology [3] and bacteriology [4].
If the traditional techniques such as axenic culture remain
essential for the diagnosis of infectious diseases, molecular
tools have shown an added value in the diagnosis of infections
caused by fastidious bacteria [5–7], intracellular microorgan-
isms [7, 8] and in patients receiving antibiotics [7, 9, 10].
Universal PCR targeting the sequence of ribosomal 16S
rDNAwas gradually established in microbiology laboratories
[11], in particular to identify the causative agents of
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osteoarticular infections [9] or negative blood culture endo-
carditis [10, 12, 13]. Its contribution is undeniable today,
despite the pitfalls inherent in the technique [14, 15] and a
lack of sensitivity that can be criticised [16, 17]. Real-time
PCR (RT-PCR) systems were subsequently developed with
the advent of automation for the fluorescence detection of
amplicons generated concomitantly with amplification. Mo-
lecular diagnosis had been revolutionised by the advent of this
technique through two aspects: rendering speedy results (the
RT-PCR process is complete in about 1 h) and reducing the
risk of contamination, by amplification and detection being
carried out in a closed system [4]. This makes RT-PCR the
investigational method of choice in emergency diagnosis and
explains its presence in structures such as point-of-care [18].
Furthermore, molecular tools have proven to be more sensi-
tive than culture in some contexts, such as the diagnosis of
osteoarticular infections caused by Staphylococcus aureus or
Mycobacterium tuberculosis [16, 19]. Syndrome-driven diag-
nosis, which consists of testing a panel of aetiological agents
frequently involved in each syndrome, has permitted a signif-
icant improvement in microbiological diagnosis [20],
expanding the panel of microorganisms tested. These
syndromic PCR panels, combining both RT-PCR and conven-
tional PCR, also include emerging pathogens that have been
gradually incremented, especially following molecular studies
combining the amplification, cloning and sequencing of ribo-
somal 16S rDNA [21], to ensure the completeness of micro-
biological documentation. Herein, we report our experience
in the use of molecular tools applied to the syndrome-driven
diagnosis of infectious diseases. This 2-year retrospective
study concerns samples from both patients hospitalised
locally and those addressed as part of the National Refer-
ence Center activity (Coxiella burnetii, Bartonella spp.,
Rickettsia spp.).

Materials and methods

Samples and patients

This 2-year retrospective study includes all clinical samples
addressed for bacterial DNA detection and identification from
November 2011 through November 2013 and PCRs from
Centre National de Réference des Rickettsies activity (detec-
tion ofBartonella spp.,Coxiella burnetii, Ehrlichia, Rickettsia
spp.). PCRs performed on bacterial strains (identification,
virulence factor detection, typing, antibiotic resistance detec-
tion) have been excluded from the study. For each positive
sample, molecular results were compared with those of an
axenic culture, when available. This comparison was not
performed on intracellular microorganisms due to the fastidi-
ous culture. Samples received were categorised in a syndrome
when available (Online Resource 3) that generates specific

RT-PCR and broad-range PCR, such as the endocarditis panel
realised for each valvular resection. The panel of microorgan-
isms tested was regularly incremented, based on epidemiolog-
ical data, surveillance of microbiological laboratory results or
queries from clinicians [20, 22].

DNA extraction

DNA extraction was performed on an EZ1 Advanced XL
device using a Qiagen DNA tissue Kit cartridge (Qiagen,
Courtaboeuf, France). From urine, bronchoalveolar lavage
(BAL), vitreous punctures, sera or ethylenediaminetetraacetic
acid (EDTA)-blood samples on which mycobacterial detec-
tion was not performed, 200 μLwas directly eluted into 50μL
without pre-treatment. Concerning other liquid samples as for
solid ones, a moiety or 200 μL of the sample was added to
200 μL of Buffer G2 and 20 μL of proteinase K (Qiagen) and
heated for 2 h at 56 °C. Acid-washed glass beads (<106 μm,
Sigma Aldrich, Saint-Quentin Fallavier, France) were added,
and the obtained preparation was vigorously shaken using a
FastPrep device (MP Biomedicals, Illkirch, France) for 20 s.
After heating at 100 °C for 10 min, 200 μL was used for DNA
extraction and eluted in 100-μL fractions. The quality of
extraction was quantified using RT-PCR, which targeted a
sequence coding for β-globin as previously described [9]. A
cycle threshold (Ct) under 30 Ct was considered acceptable.

Conventional PCR and sequencing

Conventional PCR is used for targeting sequences coding for
16S rDNA, 18S rDNA (universal eukaryotes), universal fungi
(CU) targeting the ITS gene and the Ureaplasma genus
(Online Resource 1). A positive and a negative control (which
consist of the amplificationmix with 5μL of bacterial DNA or
5 μL of H2O, respectively) were used for every ten PCRs. The
amplification reaction was performed using a 2720 Thermal
Cycler device as recommended by the manufacturer (Applied
Biosystems, Villebon Sur Yvette, France). PCR amplicon
sizes were evaluated using a QIAxcel Advanced device
(Qiagen) with the QIAxcel DNA Screening Kit 2400, DNA
and a molecular size marker (100 bp to 2.5 kb, Qiagen). After
revelation, positive samples were sequenced using the Sanger
method. Amplification products were purified by ultrafiltra-
tion using a NucleoFast filtration plate (Macherey-Nagel,
Hoerdt, France) and a vacuum pump (Millipore, Molsheim,
France) after the addition of 50 μL of distilled water (Gibco
Life Technologies, Austin, USA). PCR products were se-
quenced using a BigDye® Terminator v1.1 Cycle Sequencing
Kit (Applied Biosystems). The generated PCR amplicons
were purified using MultiScreen plates (Merck Millipore) by
exclusion chromatography on G50 Sephadex columns
(Sigma-Aldrich) and then collected with a MicroAmp® Opti-
cal 96-Well Reaction plate (Applied Biosystems). Sequence
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analysis was performed on an ABI 3130xl Genetic Analyzer
(Applied Biosystems) using DNA Sequencing Analyzing
Software following the manufacturer’s recommendations
(Applied Biosystems). The correction of obtained sequences
was performed using the CodonCode Aligner software (http://
www.codoncode.com) and then blasted against the GenBank
nucleotide collection (nr/nt) or against GenBank 16S
ribosomal RNA sequences (Bacteria and Archaea) (http://
blast.ncbi.nlm.nih.gov). A threshold similarity value of >98.
7 % was considered acceptable at the species-level identifica-
tion [23].

Real-time PCR

Real-time PCRs are performed as simplex reactions. Ampli-
fication and fluorescence detection was performed on a
CFX96 device following the manufacturer’s recommenda-
tions (Bio-Rad Clinical Diagnostics, Marnes-la-Coquette,
France). Primers and probes used for each system are listed
in Online Resource 2. The probes used in this study are based
on TaqMan technology, combining a fluorochrome reporter
(FAM or VIC) with a fluorochrome quencher (TAMRA or
MGB). Every result for which the Ct was under 37 was
considered positive. Discordant results were controlled on a
second extraction if the amount of sample allowed it.

Interpretation and validation of the results

For each PCR run, whether real-time or conventional, positive
and negative controls were essential for assay validation.
Extracted bacterial DNA from each of the microorganisms
tested was used as a positive control. In addition, negative
samples were used as negative controls. As previously de-
scribed, DNA extracted from tissue without infection was
used as negative samples [24], tested in parallel for each
PCR assay. Thus, a tissue bank was established composed of
between 10 and 50 negative samples for each type of speci-
men and was used to validate positive results (Online
Resource 4).

Results

Samples and patients

Over the 2-year study period, 32,948 clinical samples were
received from 18,056 patients, on which 81,476 PCRs were
performed, allowing for the establishment of 1,192 diagnoses.
Samples were grouped by syndrome (Table 1). Thus, those
diagnosed with Whipple’s disease (EDTA-blood, saliva, stool
samples) represented 31.8 % of the samples received (10,477/
32,948), followed by osteoarticular samples (4,316, 13.1 %)

and those for cardiac infection diagnoses, such as EDTA-
blood samples, heart valves and pericardial liquids/biopsies
(3,558, 10.8 %). Following these sample types were respira-
tory tract samples, such as BAL or sputum (2,998, 9.1 %),
cerebro-spinal fluid (CSF) (2,306, 7 %), samples for the
diagnosis of sexually transmitted infections (2,009, 6.1 %),
ocular samples (1,052, 3.2 %), lymph nodes (772, 2.3 %) and,
finally, cerebral abscesses (130, 0.4 %). Uncategorised sam-
ples, such as abscesses, cutaneous biopsies, urine or puncture
fluids, were classified as ‘others’. The samples came from the
Public Assistance Hospitals of Marseille (AP-HM) (17,776,
54 %), other French hospitals (14,748, 44.8 %) and from
abroad (424, 1.2 %). Concerning patients for whom several
samples were received in order to diagnose the same clinical
entity, only one positive sample was kept for analysis in
this study.

Aetiological agents found for each syndrome

Among the 2,998 respiratory samples tested, 197 were posi-
tive (6.6 % of the total number of respiratory specimens
tested). The predominant microorganisms that were identified
in this series were Tropheryma whipplei (43, 21.8 % of pos-
itive samples), Mycobacterium tuberculosis (23, 11.7 %),
Streptococcus pneumoniae (19, 9.6 %), Mycobacterium spp.
(19, 9.6 %), Pseudomonas aeruginosa (12, 6.1 %),Mycoplas-
ma pneumoniae (10, 5.1 %), Bordetella pertussis (9, 4.6 %)
and Staphylococcus aureus (9, 4.6 %) (Fig. 1a).

Among the 3,558 samples tested for endocarditis diagnosis
(EDTA-blood samples or valvular tissues), 252 were positive
for 182 patients (7 % of specimens tested). The predominant
microorganisms that were identified in this series were Staph-
ylococcus aureus (24, 13.1 % of positive samples), Coxiella
burnetii (23, 12.6 %), Enterococcus faecalis (20, 10.9 %),
Streptococcus gallolyticus (20, 10.9 %), oral streptococci (16,
8.7 %), Tropheryma whipplei (11, 6 %), Bartonella quintana
(8, 4.4 %), Streptococcus pneumoniae (8, 4.4 %) and
Bartonella henselae (7, 3.8 %) (Fig. 1f).

Among the 1,052 ocular samples tested, 46 were positive
for 37 patients (4.37 % of specimens tested). The predominant
microorganisms that were identified in this series were Pseu-
domonas aeruginosa (10, 27 %), Staphylococcus epidermidis
(4, 10.8 %) and Streptococcus pneumoniae (3, 8.1 %)
(Fig. 1g).

Among the 4,316 osteoarticular samples tested, 370 were
positive for 287 patients (8.6 % of specimens tested). The
predominant microorganisms that were identified in this series
were Staphylococcus aureus (122, 42.5 % of positive sam-
ples) and Kingella kingae (25, 8.7 %) (Fig. 1c).

Among the 2,306 CSF samples tested, 81 were positive for
73 patients (3.5 %). The predominant microorganisms that
were identified in this series were Neisseria meningitidis (16,
21.9 % of positive samples), Streptococcus pneumoniae (12,
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16.4 %), Tropheryma whipplei (9, 16.4 %), Streptococcus
agalactiae (8, 11 %), Escherichia coli (4, 5.5 %), Pseudomo-
nas aeruginosa (4, 5.5 %) and Staphylococcus aureus (3,
4.1 %) (Fig. 1e).

Among the 772 lymph nodes tested, 147 were positive for
131 patients (19 % of specimens tested). The predominant
microorganisms that were identified in this series were
Bartonella henselae (68, 51.9 % of positive samples), Staph-
ylococcus aureus (14, 10.7 %), coagulase-negative staphylo-
cocci (8, 6.1 %), Mycobacterium tuberculosis (6, 4.6 %) and
Streptococcus pyogenes (4, 3.1 %) (Fig. 1b).

Among the 130 cerebral abscesses tested, 61 were positive
for 44 patients (47 % of specimens tested). The predominant
microorganisms that were identified in this series were Staph-
ylococcus aureus (11, 25 % of positive samples), Streptococ-
cus intermedius (10, 22.7 %), Propionibacterium acnes (3,
6.8 %) and Mycoplasma faucium (2, 4.5 %) (Fig. 1d).

Usefulness of molecular tools

Real-time specific PCR versus conventional broad-range
PCR

Among the 437 diagnoses included in this study for which
both conventional and targeted RT-PCR had been performed,
275 were established by RT-PCR only (62.9 %). A total of
28 % of these diagnoses included endocarditis. In this clinical
context, microorganisms for which only RT-PCRwas positive
with a negative conventional amplification were Streptococ-
cus gallolyticus (16/20, 80 %), Staphylococcus aureus (16/24,
67 %), Enterococcus faecalis (11/20, 55 %), Coxiella burnetii
(16/23, 70 %), Bartonella henselae (4/7, 57.1 %), Bartonella
quintana (3/8, 37.5 %), Enterococcus faecium (2/2, 100 %)
and Streptococcus pneumoniae (3/7, 42.8 %). RT-PCR also
showed a better detection rate for the diagnosis of
osteoarticular infections, for which the sensitivity fell below
50 % (30/175), in particular in those due to Staphylococcus

aureus, for which only 19 (16.2 %) were positive using
conventional broad-range PCR as well as only seven of the
26 infections due to Kingella kingae (27 %). The majority of
meningitis diagnoses (51/73, 70 %) were established using
specific RT-PCR. Of the 12 cases for which conventional
broad-range PCR had been performed, only four were positive
(33 %). Finally, of the 72 lymph nodes that were positive for
Bartonella henselae using specific RT-PCR, only 50 % were
also positive using broad-range PCR; the result was similar for
Francisella tularensis (four diagnoses, 25 % positive using
16S rDNA amplification).

Broad-range conventional PCR remains useful when spe-
cific RT-PCR for particular targets are not available in our
microbiology lab, as was the case with 109 of the 287
osteoarticular infections (38 %), 56 of the 197 respiratory
samples (28 %), 24 of the 131 adenitis samples (18.3 %), 41
of the 183 endocarditis samples (22.4 %), 19 of the 73 men-
ingitis samples (26 %) and 19 of the 44 cerebral abscesses
(43.2 %). Moreover, complementarity between these two
techniques allowed for the identification of several
aetiological agents for 16 polymicrobial samples, which main-
ly concern BAL and cerebral abscesses (five for both)
(Table 2). Finally, RT-PCR failed to detect three endocarditis
(two due to Enterococcus faecalis and one due to Streptococ-
cus mitis) and one osteoarticular infection due to Staphylo-
coccus aureus that were all positive by broad-range conven-
tional PCR.

Benefits of molecular tools compared to axenic culture

Among the 1,192 positive samples for which activity is inde-
pendent of the National Reference Center, 25%were sterile in
culture and 6 % yielded a different microorganism than that
found by PCR (data not shown). Culture-negative infections
due to cultivable bacteria represented 60.5 % of meningitis,
37.7 % of osteoarticular infections and 59.5 % of endocarditis

Table 1 Diagnosis technique for each infection, grouped by syndrome, and comparison with standard microbiological results

Meningitis Respiratory
infections

Cerebral
abscesses

Osteoarticular
infections

Endocarditis Ocular
infections

Adenitis Pericarditis

No. of diagnoses/no. of samples 73/2,306 197/2,998 44/130 287/4,316 183/3,558 37/1,052 131/772 10/131

Both performed 12 16 22 175 123 3 83 3

Real-time specific PCR
positive only

50 127 5 140 98 1 51 0

Both positive 4 13 19 35 44 2 39 3

Conventional broad-range
PCR positive only

19 57 23 109 41 36 41 7

RT negative with 16S
positive (%)

0 0 0 1 2 0 0 0

16S negative with RT
positive (%)

8 (66.7) 3 (25) 3 (13.6) 140 (80) 76 (61.7) 1 (50) 44 (53) 0

Culture positive/performed (%) 19/48 (39.5) 84/121 (69.4) 33/37 (81.8) 129/207 (62.3) 36/84 (40.5) 10/14 (71.4) 15/21 (71.4) 5/9 (55.6)
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Fig. 1 Aetiological agents most commonly found for each syndrome: a respiratory infections, b adenitis, c osteoarticular infections, d cerebral
abscesses, e meningitis, f endocarditis, g ocular infections
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diagnoses (Table 1). Culture-negative osteoarticular infections
were mostly Staphylococcus aureus (37/88, 42 %) and
Kingella kingae (8/88, 9.1 %). For blood culture-negative
endocarditis, excluding strict intracellular bacteria, Strepto-
coccus gallolyticus predominated (12/48, 22.4 %), followed
by Staphylococcus aureus (10/48, 20.4 %), Enterococcus
faecalis (7/48, 14.2 %) and Streptococcus pneumoniae
(4/48, 8.1 %). Six tuberculous lymphadenopathies were de-
tected by specific RT-PCR, which permitted early diagnosis
by culture, of which one node remained sterile. Moreover,
nine anaerobic agents were detected using conventional
broad-range PCR on osteoarticular samples, of which four
did not grow. Finally, four fastidious or anaerobic agents were
detected in cerebral abscesses, of which only three were
cultivated (Table 3).

Contribution of a systematic syndromic PCR panel
and incidental diagnosis

Incidental diagnosis concerned samples collected outside of
the AP-HM, for which a systematic panel of PCR regarding
the clinical syndrome was performed, regardless of the initial
request. Thus, the use of a systematic syndromic PCR panel
permitted the identification of an aetiological agent for five
cerebral abscesses, 15 osteoarticular infections, eight

endocarditis, one sexually transmitted disease (STI), one tu-
berculosis lymphadenitis and one pericarditis (Table 4).

Usefulness of conventional fungal and eukaryotic
amplification

Fungal amplification targeting the 28S ribosomal sub-
unit gene allowed for the diagnosis of 14 infections,
four of which were not detected by culture methods .
These diagnoses include six from respiratory samples,
three osteoarticular infections and two ophthalmic infec-
tions. The amplification of the eukaryotic 18S ribosomal
subunit gene allowed for the diagnosis of an ocular
infection due to Acanthamoeba castellanii.

Discussion

Herein, we report our experience regarding the diagnosis of
infectious diseases using molecular tools. We are confident in
our results; using PCR routinely for the last decade has
allowed us to assess many PCR systems, which enabled us
to confirm even our most unexpected results (Online
Resources 1 and 2). The shift to the syndrome-driven diagno-
sis, which consists of testing a panel of microorganisms fre-
quently involved in a clinical context, ensures the complete-
ness of the microbiological documentation.

Molecu la r too ls have shown the i r benef i t s
concerning the diagnosis of infections caused by fas-
tidious microorganisms. Thus, 27 % of the endocarditis
cases included in this series were due to strict intracel-
lular bacteria, as were 57 % of the adenitis diagnoses.
Likewise, osteoarticular infections caused by Kingella
kingae, a fastidious bacterium requiring culture enrich-
ment and prolonged incubation [25], is more likely to
be diagnosed by PCR, as shown by the five isolates
cultured among the 26 diagnoses established. Finally,
among other fastidious bacteria (bacteria of the
HACCEK group, anaerobes and deficient streptococci)
identified in this work, 18 had not been cultured
(Table 3). The complementarity between molecular
and culture-dependent techniques is illustrated by the
proportion of positive samples for which a culture is
negative, up to 25 %. Bacterial dormancy is a possible
explanation for the negative cultures, especially in
cases of osteitis with low inoculum. Furthermore, anti-
biotic therapy administered before sampling, particular-
ly concerning endocarditis before surgery, is common.
RT-PCR also permitted the early diagnosis of 64 my-
cobacterial infections (45 pulmonary forms, 11
osteoarticular forms and eight lymphadenitis) before

Table 2 Samples for which the combination of specific and broad-range
polymerase chain reaction (PCR) permitted the identification of several
microorganisms

Sample Real-time specific
PCR

Conventional broad-range
PCR

BAL M. tuberculosis K. pneumoniae

BAL S. pneumoniae Acinetobacter pittii

BAL S. pneumoniae N. meningitidis

BAL Tropheryma whipplei Moraxella nonliquefaciens

BAL Tropheryma whipplei Neisseria subflava

Bone S. aureus Bacteroides fragilis

Bone S. aureus M. morganii

Bone S. aureus Bacteroides fragilis

Cardiac valve S. gallolyticus Prevotella oris

Cardiac valve Tropheryma whipplei E. faecalis

Cerebral
abscess

S. intermedius Eikenella corrodens

Cerebral
abscess

S. intermedius, Aggregatibacter aphrophilus

Cerebral
abscess

M. faucium P. aeruginosa

Cerebral
abscess

M. faucium S. aureus

Cerebral
abscess

M. faucium S. aureus

Node S. aureus Pasteurella multocida
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culture, which may change, as spectacular improve-
ments have recently been reported [26].

The difference in sensitivity between specific RT-
PCR and broad-range PCR in this study is dramatic.
Indeed, the use of conventional PCR would have only
allowed us to diagnose 53.6 % of endocarditis included
in this study, along with 51.2 % of the osteoarticular
infections, with detection rates estimated at 38.3 % and
20 %, respectively.. However, conventional broad-range
PCR allowed us to identify bacteria for which specific
RT-PCR systems were not available, which includes
22.3 % (266/1,192) of infections diagnosed in this
work, particularly osteoarticular infections, for which a
large variability of aetiological agents can be involved.
Its contribution is essential to identify emerging, rare or
unexpected pathogens, as illustrated by the 125 different

microorganisms found in this work (Fig. 2). Even if
polymicrobial infections were one of the pitfalls of
conventional broad-range PCR [24], its association with
pathogen-specific RT-PCR permitted the diagnosis of 16
polybacterial infections (Table 2).

The syndrome-driven diagnosis, which groups a panel of
microorganisms to test, allowed us to diagnose 31 infections,
including 15 osteoarticular, eight endocarditis and five cere-
bral abscesses. These benefited from the incrementing of
specific PCRs targetingMycoplasma faucium and Streptococ-
cus intermedius following a multiple 16S rDNA sequencing
study [21, 27] (Table 2, Online Resource 3). Furthermore, the
high prevalence of Tropheryma whipplei in BAL (21.8 %),
which was initially tested prospectively, should lead us to add
this targeted RT-PCR to the respiratory tract infection
syndromic PCR panel.

Table 3 Fastidious microorgan-
isms detected in this series and
standard microbiological results.
NA: not available. Comparisons
had not been performed
concerning strictly intracellular
bacteria

Infection Microorganism n Culture

Positive Sterile Other species NA

Endocarditis Coxiella burnetii 23

Tropheryma whipplei 11

Bartonella quintana 11

Bartonella henselae 6

Gemella haemolysans 2 1 1

Gemella morbillorum 2 0

Abiotrophia defectiva 1 1

Aggregatibacter aphrophilus 1 1

Gemella bergeri 1 1

Haemophilus segnis 1 1

Veillonella dispar 1 1

CSF Porphyromonas endodontalis 1 1

Osteoarticular infections Kingella kingae 26 5 9 12

Granulicatella adiacens 4 0 0 4

Bacteroides fragilis 3 2 1

Finegoldia magna 2 1 1

Fusobacterium necrophorum 2 2

Aggregatibacter aphrophilus 1 1

Fusobacterium nucleatum 1 1

Porphyromonas gingivalis 1 1

Prevotella bivia 1 1

Cerebral abscesses Aggregatibacter aphrophilus 1 1

Bacteroides fragilis 1 1

Eikenella corrodens 1 1

Parvimonas micra 1 1

Porphyromonas gingivalis 1 1

Prevotella oris 1

Prevotella pleuritidis 1 1

Pericarditis Aggregatibacter aphrophilus 1 1

Respiratory infections Chlamydia trachomatis 1 1
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In conclusion, this study focuses on the complementarity of
molecular tools with culture techniques, in particular for

fastidious or intracellular microorganisms, and antibiotic ad-
ministration before sampling. This study also adds value to the

Table 4 Incidental diagnoses using a syndromic PCR panel

Specimen Initial query Result Kit Test added Result

Cerebral abscess 16S rDNA Plurimicrobial Cerebral abscess S. aureus (real-time) Positive

Cerebral abscess 16S rDNA Negative Cerebral abscess S. aureus (real-time) Positive

Cerebral abscess Rickettsia, Bartonella Negative Cerebral abscess 16S rDNA Pseudomonas
fluorescens

Cerebral abscess 16S rDNA Negative Cerebral abscess Streptococcus intermedius
(real-time)

Positive

Cerebral abscess 16S rDNA Plurimicrobial Cerebral abscess Streptococcus intermedius
(real-time)

Positive

Articular 16S rDNA Negative Cerebral abscess Kingella kingae (real-time) Positive

Articular 16S rDNA Negative Osteoarticular
infection

Kingella kingae (real-time) Positive

Articular 16S rDNA Negative Osteoarticular
infection

S. aureus (real-time) Positive

Articular 16S rDNA Negative Osteoarticular
infection

S. aureus (real-time) Positive

Articular 16S rDNA Negative Osteoarticular
infection

S. aureus (real-time) Positive

Articular Bartonella Negative Osteoarticular
infection

16S rDNA Kingella kingae

Articular Kingella kingae Negative Osteoarticular
infection

16S rDNA Staphylococcus aureus

Articular Tropheryma whipplei Negative Osteoarticular
infection

16S rDNA Staphylococcus aureus

Pericardial fluid 16S rDNA Negative Pericarditis S. aureus (real-time) Positive

Bone 16S rDNA Negative Osteoarticular
infection

S. aureus (real-time) Positive

Bone 16S rDNA Negative Osteoarticular
infection

S. aureus (real-time) Positive

Bone 16S rDNA Negative Osteoarticular
infection

S. aureus (real-time) Positive

Bone Mycobacterium
tuberculosis

Negative Osteoarticular
infection

16S rDNA Bacillus cereus

Bone Tropheryma whipplei Negative Osteoarticular
infection

16S rDNA Granulicatella adiacens

Bone Tropheryma whipplei Negative Osteoarticular
infection

16S rDNA Staphylococcus aureus

bone Tropheryma whipplei Negative Osteoarticular
infection

16S rDNA Streptococcus salivarius

Blood 16S rDNA Negative Endocarditis Streptococcus gallolyticus
(real-time)

Positive

Urine Chlamydia trachomatis Negative STI Neisseria gonorrhoeae (real-time) Positive

Cardiac valve 16S rDNA Negative Endocarditis Enterococcus faecalis (real-time) Positive

Cardiac valve 16S rDNA Negative Endocarditis Streptococcus gallolyticus
(real-time)

Positive

Cardiac valve 16S rDNA Negative Endocarditis Streptococcus gallolyticus
(real-time)

Positive

Cardiac valve 16S rDNA Negative Endocarditis Streptococcus oralis (real-time) Positive

Cardiac valve Tropheryma whipplei Negative Endocarditis 16S rDNA Abiotrophia defectiva

Cardiac valve Tropheryma whipplei Negative Endocarditis 16S rDNA Enterococcus faecalis

Cardiac valve Coxiella burnetii Negative Endocarditis 16S rDNA Haemophilus segnis

Node Bartonella henselae Negative Node Mycobacterium spp. and
Mycobacterium avium

Positive
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Fig. 2 Microarray of identified organisms for each syndrome. The different levels of shading indicate the prevalence of each organism
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diagnosis of meningitis, endocarditis, osteoarticular infections
and adenitis [28]. The dramatic lack of sensitivity of conven-
tional broad-range PCR reported in this work should lead
microbiologists to perform in priority targeted specific RT-
PCR regarding the clinical syndrome.
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