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Microbiological cultures are moderately sensitive for
diagnosing prosthetic joint infection (PJI). This study
was conducted to determine whether amplification-
based DNA methods applied on intraoperative sam-
ples could enhance PJI diagnosis compared with cul-
ture alone in routine surgical practice. Revision
arthroplasty was performed for suspected PJI (n � 41)
and osteoarthrosis control (n � 28) patients, and a
diagnosis of PJI was confirmed in 34 patients. Ampli-
fication by polymerase chain reaction was performed
on both 16S ribosomal DNA universal target genes
and femA Staphylococcus-specific target genes. Spe-
cies identification was achieved through amplicon
sequencing. Amplification of the femA gene led to
subsequent testing for methicillin resistance by am-
plification of the mecA gene. Microbiological and mo-
lecular assays identified a causative organism in 22 of
34 patients (64.7%) and in 31 of 34 patients (91.2%),
respectively. In 18 of the 22 culture-positive patients,
molecular and microbiological results were concor-
dant for bacterial genus, species, and/or methicillin
resistance. Bacterial agents were identified only by
molecular methods in nine PJI patients, including
seven who were receiving antibiotics at the time of
surgery and one with recent but not concomitant
antibiotherapy. DNA-based methods were found to
effectively complement microbiological methods,
without interfering with existing procedures for
sample collection, for the identification of caus-
ative pathogens from intraoperative PJI samples ,
especially in patients with recent or concomitant
antibiotherapy. (J Mol Diagn 2008, 10:537–543; DOI:

10.2353/jmoldx.2008.070137)

Orthopedic implants have become an essential compo-
nent of modern medicine. Since the number of trauma
cases is steadily rising and the percentage of patients
aged �65 years is on the increase in industrialized coun-
tries, the number of patients requiring implants will con-
tinue to grow, as will the risk for orthopedic device-related
infections. The most common pathogens involved in
prosthetic joint infections (PJIs) are coagulase-negative
staphylococci (CoNS) and Staphylococcus aureus. Other
microorganisms, such as streptococci, Gram-negative
bacilli, enterococci, and anaerobes, are less frequently
isolated.1,2

Given the wide spectrum of potential pathogens, de-
finitive identification of the microbial agent is mandatory
to optimize the surgical strategy and initiate appropriate
long-term antibiotherapy.3,4 The gold standard for the
diagnosis of infection is still culture and isolation of the
causative pathogen. However, standard microbiological
cultures are only moderately sensitive and specific for PJI
diagnosis. The most frequently encountered limitations of
conventional microbiological methods are previous anti-
microbial treatment, prophylaxis before sampling, and
methodology problems.5

Nonculture molecular approaches based on amplifica-
tion and/or sequence analysis of conserved or species-
specific genomic targets have shown high sensitivity in
identifying non-growing or slow-growing bacterial agents
responsible for bone or prosthetic infections.6–9 How-
ever, the true impact of molecular methods on PJI diag-
nosis in routine clinical practice has yet to be confirmed.
In a previous study, we addressed this issue by studying
infectious discitis.9 In the current study, we set out to
assess the ability of these molecular methods to identify
the causative pathogen in PJI compared to conventional
microbiological testing, without interfering with existing
procedures for sample collection.
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Table 1. Patients Presenting with a Presumed Diagnosis of PJI or Revision Arthroplasty for Osteoarthrosis: Clinical, Microbiological
and Molecular Data

Patient Age/sex
Prosthetic

site

Prior
joint

infection

Culture results
(methicillin

resistance status)
16S rDNA,

G�/G- femA mecA

DNA-based
identification
(methicillin

resistance status)

Antibiotherapy before
surgery (duration or
time elapsed since
discontinuation of

antibiotics) Comments

Patients matching a diagnosis of PJI
Discordant positive results: positive culture and molecular results but discordant identification
1 67/F Knee Yes S. faecalis and

S. pyogenes
G� 0 ND S. pyogenes No Rare growing colonies;

probable S. faecalis
contamination during the
subculture process;
S. pyogenes subsequently
identified by culture after
molecular results were
known

2 61/F Hip Yes Bacillus sp G� 1 0 Staphylococcus sp.
(S)

Ongoing (4 W) Samples for culture and DNA
analysis not collected from
the same sites

3 55/M Hip Yes P. aeruginosa G- ND ND Serratia sp. and
P. aeruginosa

Discontinued (48 W) Past history of PJI due to
P. aeruginosa

4 62/M Hip Yes CoNS (S) G- ND ND Clostridium sp. Ongoing (5 D) Past history of PJI
communicating within an
endopelvic abscess
infected by polymicrobial
flora

Discordant results: negative culture results and positive molecular results
5 41/F Hip No NI G� 1 0 S. aureus (S) Ongoing (4 W) Purulence at the time of

surgery
6 50/M Hip Yes NI G� 1 0 S. epidermidis (S) Ongoing (5 W) CoNS cultured in

preoperative joint aspirate
7 71/M Hip Yes NI G� 1 0 S. epidermidis (S) Discontinued (10 D) PJI with positive culture

(CoNS) diagnosed 6
months before

8 62/F Knee No NI G� 0 ND S. anginosus Ongoing (3 W) Preoperative joint aspirate
positive for S. anginosus

9 60/F Knee No NI G� 1 0 S. hominis (S) No Included at third episode of
aseptic loosening

10 53/M Hip Yes NI G� 1 1 S. epidermidis (R) Ongoing (2 D) Methicillin resistant CoNS
cultured 3 and 6 months
later

11 46/F Hip No NI G� 0 ND Serratia sp Ongoing (10 D) Purulence at the time of
debridement

12 77/F Hip No NI G� 1 0 S. hominis (S) Ongoing (10 D) Purulence at the time of
surgery

13 62/M Hip (right) No NI G� 0 ND S. bovis Ongoing (20 D) Aortic endocarditis caused
by S. bovis, complicated
by left and right PJI;
preoperative joint aspirate
positive for S. bovis

Concordant positive results
14 56/F Hip No S. agalactiae G� 0 ND S. agalactiae Discontinued (15 D)
15 79/F Hip Yes S. aureus (R) G� 1 1 S. aureus (R) Discontinued (52 W)
16 72/F Hip No S. aureus (R) G� 1 1 S. aureus (R) No
17 70/M Hip Yes S. aureus (S) G� 1 1 S. aureus (S) Discontinued (7 D)
18 72/M Hip No CoNS (R) G� 1 1 S. epidermidis (R) No
19 57/M Hip No S. aureus (S) G� 1 0 S. aureus (S) No
20 77/F Hip No S. aureus (R) G� 1 1 S. aureus (R) Discontinued (7 W) Previous antibiotherapy for

soft tissue MRSA infection
21 80/M Hip No L. monocytogenes G� 0 0 L. monocytogenes Ongoing (2 W) Ongoing antibiotherapy

justified by earlier positive
blood cultures for
L. monocytogenes

22 62/M Hip (left) No S. bovis G� 0 ND S. bovis No Aortic endocarditis caused
by S. bovis complicated by
left and right PJI

23 58/F Hip No S. bovis G� 0 ND S. bovis Ongoing (7 D)
24 42/F Knee Yes S. anginosus G� 0 ND S. anginosus Discontinued (3 W)
25 66/M Hip No S. haemolyticus

group G
G� 0 ND S. dysgalactiae No

26 48/M Knee Yes P. aeruginosa G- ND ND P. aeruginosa No
27 72/M Hip Yes CoNS (R) G� 1 1 S. epidermidis (R) No
28 73/M Hip No S. sanguis G� 0 ND S. anginosus No
29 59/F Hip Yes S. aureus (S) G� 1 S. aureus Discontinued (10 D)

(table continues)
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Materials and Methods

Patient Characteristics

This prospective study included 41 patients (21 men and
20 women) with a median of age 63 years (range, 41–82
years), who underwent revision arthroplasty by the same
surgeon for suspected PJI (hip, 29; knee, 12) (Table 1). It
should be pointed out that one patient underwent surgery
on both hips over a 1-month period and was readmitted
1 year later. For the purposes of the study, he was as-
sessed as four distinct cases (patients 13, 22, 30, and
31). Patient enrollment was based on presumed PJI,
including patients with or without previous infections, and
with or without ongoing or recent antibiotherapy. All tis-
sue samples were collected concurrently for molecular
and microbiological assays. Inclusion criteria for pre-
sumed diagnosis of PJI were as follows: local or systemic
clinical symptoms suggestive of PJI; local and/or referred
persistent pain at the site of the device with or without
implant loosening; and exclusion of any other unrelated
confounding etiological factors.

PJI was diagnosed in the presence of one of the fol-
lowing conditions: 1) a sinus tract communicating with
the prosthesis, confirmed either by arthrography or direct
examination during surgery; 2) evidence of purulence
surrounding the prosthesis at the time of debridement
and subsequent identification of a microorganism after
culture, although this criterion was not mandatory; 3) two
or more positive cultures on intraoperative specimens
with at least one of the following criteria: inflammation on
histopathological examination of periprosthetic tissue,

clinical and laboratory signs of infection, and radiological
or nuclear signs of infection; 4) at least one of the follow-
ing criteria: inflammation on histopathological examina-
tion of periprosthetic tissue, clinical and laboratory signs
of infection, and radiological or nuclear signs of infection
but negative culture. The latter was considered retro-
spectively as PJI on the basis of pre- and/or postopera-
tive microbiological results. Regarding CoNS, three pos-
itive specimens were required to be considered as a
positive result. All cases with insufficient clinical follow-up
or biological data (n � 5) were excluded from this study.

Sample Collection

Routine intraoperative culture was systematically per-
formed on biopsies, swabs, or aspirates. Samples were
obtained from tissues in close proximity to the surface of
the prosthesis, as well as tissues presenting with signs of
inflammation. A swab of joint fluid was also taken on
entering the capsule. Specimens (n � 3–6) were sam-
pled from different sites and were not placed into specific
anaerobic containers. To avoid interfering with routine
surgical practice for sample collection, two aliquots were
dispatched to the molecular laboratory for pathogen
genotyping using a molecular-based method, while all
other specimens were sent to the microbiology unit. The
personnel of the two units were blinded to each other’s
results. A single investigator assessed all of the cases by
recording demographic data, orthopedic case history
and follow-up, preoperative joint aspiration results, type
of infection, signs and symptoms, laboratory parameters

Table 1. Continued

Patient Age/sex
Prosthetic

site

Prior
joint

infection

Culture results
(methicillin

resistance status)
16S rDNA,

G�/G- femA mecA

DNA-based
identification
(methicillin

resistance status)

Antibiotherapy before
surgery (duration or
time elapsed since
discontinuation of

antibiotics) Comments

30 63/M Hip (right) No S. bovis G� 0 ND S. bovis No Relapse after arthrotomy
debridement

31 63/M Hip (left) No S. bovis G� 0 ND S. bovis No Relapse after arthrotomy
debridement

Concordant negative results
32 53/F Knee Yes NI 0 ND ND NI NA Culture positive for

S. agalactiae 6 weeks later
33 43/M Knee No NI 0 ND ND NI Ongoing (10 W) S. faecalis cultured 6 weeks

after antibiotic
discontinuation

34 82/M Hip No NI 0 ND ND NI Ongoing (10 W) Aortic endocarditis caused
by S. bovis

Patients with unconfirmed diagnosis of PJI
1¢ 60/F Hip No ND No Follow-up: �2 years
2¢ 68/F Knee No ND No Follow-up: �2 years
3¢ 67/F Knee No G� 1 1 S. hominis (R) No Follow-up: �2 years; allergic

reaction to wire
4¢ 49/M Knee No ND No Follow-up: �2 years
5¢ 63/F Knee No ND No Follow-up: 9 months
6¢ 78/M Hip No ND No Follow-up: �2 years
7¢ 74/F Knee No ND No Revision arthroplasty 15

months later; all cultures
negative except one for
Corynebacterium sp

Controls (revision arthroplasty for osteoarthrosis) n � 28

Controls included patients who presented for hip (n � 16) or knee (n � 12) revision arthroplasty for osteoarthrosis. Sex ratio (M/F), 11/17; mean
age, 63.5. NI, no identification of the causative bacteria; 0, no amplification of the target gene; 1, amplification of the target gene; (S), methicillin
susceptible; (R), methicillin resistant; ND, not done; D, days; W, weeks.
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of inflammation (white blood cell count, neutrophil per-
centage, C-reactive protein), microbiology, histology, im-
aging procedures, intraoperative surgical findings, and
antimicrobial therapy.

Blind Control Analysis

Patients (n � 28) undergoing primary hip or knee arthro-
plasty for osteoarthrosis in the absence of any laboratory,
histopathological, microbiological, or intraoperative signs
of infection were considered as negative controls.

Microbiological Analysis

Synovial fluid was streaked onto sheep blood agar plates
(BD BBL Columbia agar with 5% sheep blood) and choc-
olate agar plates (BD BBL chocolate II agar). Agar plates
were incubated in aerobic (5% to 7% CO2) and anaero-
bic conditions at 35°C to 37°C. Residual liquid aspirates
were inoculated into Bactec bottles (Bactec Plus aero-
bic/F medium and Bactec Plus anaerobic/F medium,
Becton Dickinson, Franklin Lakes, NJ). They were incu-
bated at 35°C and followed up for 1 week to detect
bacterial activity by a rise in CO2 levels using a Bactec
9240 machine (Becton Dickinson). Subcultures were per-
formed from positive bottles on Columbia agar sheep
blood (Becton Dickinson) and on thioglycolate medium
broth (Difco, Detroit, MI) at 35°C for 2 days, with a first
examination after 24 hours. Additional blind subcultures
were performed after 7 days. Organisms and antibiotic
sensitivities were identified by standard methods, as pre-
viously described.10 The same procedure was performed
for tissue specimens, except that they were first ho-
mogenized in 3 ml of BHI broth (BD BBL BHI broth) for
1 minute.

Molecular Identification of Bacteria

Preanalytical processing of biological samples, the DNA
extraction procedure for clinical samples, duplex poly-
merase chain reaction (PCR), control of PCR contamina-
tion and inhibition, and molecular species identification
have been extensively detailed elsewhere by our group.9

Briefly, duplex-specific amplification of the 16S ribosomal
DNA gene was performed to identify signals correspond-
ing to the presence of Gram-positive, Gram-negative, or
mixed associated Gram-positive and Gram-negative
bacteria. It was based on the use of a consensus forward
primer common to Gram-positive and Gram-negative
bacteria and reverse primers specific for Gram-positive
and Gram-negative bacteria (see Trampuz et al14 for the
description of primers and PCR conditions). Discrimina-
tion between Gram-positive bacteria and Gram-negative
bacteria was performed by running PCR products on a
2% agarose gel stained with ethidium bromide. Accord-
ing to bacterial species, expected size of the amplicons
was variable and ranged from 206 to 217 bp for Gram-
positive bacteria, and from 405 to 412 bp for Gram-
negative bacteria. The corresponding amplicons were
sequenced in both directions on an automated ABI 377 A

apparatus (Applied Biosystems, Nieuwekerk, The Neth-
erlands), using the Taq Dye Deoxy Terminator cycle se-
quencing kit from the same manufacturer. Weak bands
were sequenced after extraction from the agarose gel
and cloning using the TOPO XL PCR cloning kit (Invitro-
gen, Carlsbad, CA), according to the manufacturer’s pro-
tocol. Sequences were compared with public databases
for similarity-based species identification using the BLAST
program from the National Center for Biotechnology In-
formation database, according to scores proposed by
Bosshard et al.11 A Gram-positive signal led to a femA PCR
amplification for Staphylococcus species and methicillin re-
sistance detection (mecA), as previously described.9

Special attention was paid to the quality control pro-
cess. Each clinical specimen was processed concomi-
tantly with an extraction control (DNA-free Tris-HCl, 10
mmol/L buffer, pH 8). To prevent contamination, PCR was
performed under stringent conditions. All DNA manipu-
lations pre- and post-PCR were performed in separate
designated rooms with separate pipetting devices to
avoid contamination of the samples with foreign DNA.
Furthermore, all equipment used in the preamplification
steps was DNA-free and further irradiated by ultraviolet
light to avoid false-positive results from contaminating DNA.
Master mixture water controls and DNA extraction controls
were used for every batch of samples processed.

In each case without DNA amplification, PCR inhibition
was investigated. Briefly, 104 copies of a TOPO-XL plas-
mid carrying the 16S ribosomal DNA of S. aureus was
mixed with the sample and added to the PCR mixture;
amplification was performed as described above. PCR
inhibition was considered relevant when no amplification
or markedly decreased amplification of 104 plasmid cop-
ies of S. aureus was observed in the mixture.

Results

Microbiological Findings

In the cohort of patients with a presumed diagnosis of
PJI, seven patients who did not fulfill the PJI criteria were
excluded. Altogether, there were 34 cases with con-
firmed PJI, among which 22 (64.7%) had a positive cul-
ture result (Table 1). No microorganisms were detected
by culture in the 12 remaining cases (35.3%). Only single
pathogens were isolated by culture: CoNS in three cases
(identification at the species level is not routinely per-
formed), S. aureus in six, Bacillus species in one, Strep-
tococcus agalactiae in one, S. bovis in four, S. anginosus in
one, S. sanguis in one, S. haemolyticus in one, S. faecalis
in one, Pseudomonas aeruginosa in two, and Listeria
monocytogenes in one). Methicillin resistance was de-
tected in five staphylococci, among which three were
S. aureus and two were CoNS. No bacterial growth was
observed on samples from the 28 control patients.

Molecular Analysis

Altogether, the molecular markers allowed bacterial
agent identification in 31 (91.2%) of the 34 cases with PJI
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(Table 1). No significant inhibition was observed. A single
pathogen was identified at the species level in 30 cases,
including 15 staphylococci (among which seven were
S. aureus), 11 streptococci, one Clostridium species, one
L. monocytogenes, one P. aeruginosa and one Serratia
species. In patient 3, the original sequences were sug-
gestive of a mixed population of bacteria. Accordingly,
cloning was necessary to resolve mixed sequences
(TOPO XL kit) (Serratia sp. and P. aeruginosa). The ex-
traction controls remained negative in all of the samples
from presumed PJI. None of the 28 control patient sam-
ples were PCR positive, but one of the samples from the
seven patients with ruled out infection was positive by
PCR for methicillin-resistant S. hominis.

Bacterial DNA was amplified using 16S rDNA, femA,
and mecA in 31, 15, and six of the 34 patient samples,
respectively. Among the 31 16S rDNA-positive samples,
28 were Gram-positive/16S rDNA and three were Gram-
negative/16S rDNA. Fifteen of the Gram-positive/16S
rDNA amplicons matched staphylococcal sequences
and all of the corresponding samples appeared to be
femA-positive. Sequencing the 15 16S rDNA and femA
amplicons allowed to identify 14 staphylococcal species,
among which seven were S. aureus, five were S. epider-
midis, and two were S. hominis. Sequence analysis of the
13 non-staphylococcal Gram-positive/16S rDNA identi-
fied S. bovis (five), S. anginosus (two), S. agalactiae (one),
S. haemolyticus (one), S. sanguis (one), S. pyogenes (one),
Clostridium sp. (one), and L. monocytogenes (one).

Comparison of Bacteriological and
Molecular Results

In case of PJI, concordance was observed between bac-
teriological and molecular analyses in 18 patients with
positive results and three patients with negative results
(Table 2). Discrepant results between the two methods
were obtained in 13 patients (patients 1 to 13). In four
patients (patients 1 to 4), both analyses identified a
pathogen, but the presumed causative organism was
different. In patient 1, S. faecalis was identified from a
blind subcultures of the Bactec bottle, while PCR was
positive for S. pyogenes alone. On the basis of this result,
new subcultures were performed on rare growing colo-
nies and S. pyogenes was ultimately identified. Accord-
ingly, this S. faecalis was felt to be a probable contami-
nant. In patient 2, Bacillus sp. was identified by culture,

but molecular testing revealed Staphylococcus. Identifi-
cation at the species level could not be completed due to
the poor quality of the sequence. In patient 3, only P.
aeruginosa was cultured, while DNA analysis identified
P. aeruginosa and Serratia sp. Patient 4 presented with
a PJI relapse 9 months after a polymicrobial (fecal flora)
infection of the hip. At relapse, culture identified S. epi-
dermidis in three samples from this patient, but Clostrid-
ium sp. was found by molecular testing in a further two
samples.

Bacteria were identified by DNA analyses in nine sam-
ples (patients 5 to 13) in which conventional microbiolog-
ical testing consistently produced negative results. In
patients 5, 11, and 12, purulence was found at the time of
surgery. In patients 6 and 8, the molecular diagnosis was
confirmed by microbiological results on preoperative joint
aspirate (CoNS in patient 6 and S. anginosus in patient 8).
Patient 7, with genotypic identification of S. epidermidis,
had already been treated 6 months earlier for microbio-
logically proven (CoNS) PJI. In patient 9, with genotypic
identification of S. hominis, reimplantation was justified
because of a third episode of hip arthroplasty loosening
in the presence of increased leukocytosis and an ele-
vated C-reactive protein level, consistent with septic
loosening. In patient 10, with genotypic identification of
S. epidermidis, follow-up data confirmed the molecular
results, and this patient was readmitted 3 months later for
microbiologically proven (CoNS) PJI. In patient 13, the
positive PCR result was confirmed by prior concordant
positive culture in joint aspirate obtained 20 days before
initiating antibiotherapy (aortic endocarditis caused by
S. bovis, complicated by left and right PJI). All but one
patient had recently received or were still receiving anti-
biotics at the time of surgery (median duration, 3 weeks;
range, 2 days to 5 weeks).

Concordant false-negative results were obtained in
three patients. In patient 32, the diagnosis of PJI was
supported by the presence of a fistula, an elevated C-re-
active protein level, and a positive leukocyte scan. Six
weeks after surgery, conventional cultures became pos-
itive for S. agalactiae. The other two patients (patients 33
and 34) were receiving ongoing antibiotherapy for more
than 10 weeks at the time of surgery. In patient 33, the
diagnosis of PJI at enrolment inclusion was borne out a
posteriori by the growth of S. faecalis 6 weeks after anti-
biotic discontinuation. In patient 34, the diagnosis was

Table 2. Comparison between DNA-Based and Culture Results: Details on Concordant and Discordant Results

Culture and DNA-based methods:
result comparison

Global rate
(percentage)

Details

Microbiology
Molecular

assay
Rate per category

(percentage)
Patient
number

Concordance 21/34 (61.8)
� � 18/34 (52.9) 14–31
� � 3/34 (8.8) 32–34

Discrepancy 13/34 (38.2)
� � 4/34 (11.8) 1–4
� � 9/34 (26.5) 5–13

Clinical, microbiological, and molecular results for each patient are detailed in Table 1.
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supported by the clinical occurrence of PJI during the
treatment of S. bovis endocarditis.

Discussion

In PJI, appropriate antimicrobial therapy and an optimal
surgical approach depend on identification of the spe-
cific etiological microorganism(s) involved and ade-
quate antimicrobial susceptibility testing.3–6 Culture of
periprosthetic tissue provides the most reliable means of
detecting the pathogen and is considered the technique
of choice for diagnosing PJI. However, the sensitivity of
culture ranges from 65% to 94%.12–14 Numerous factors
can lead to false-negative results: prior antimicrobial
treatment, perioperative prophylaxis administered before
tissue specimen collection, a small inoculum of bacteria
in the stationary growth phase, the presence of fastidious
organisms such as nutritionally variant streptococci or
small-colony variants of staphylococci or Escherichia
coli,15,16 as well as technical problems like prolonged
transport time to the microbiology laboratory, inappropri-
ate culture medium or difficulty dislodging bacteria grow-
ing in biofilms on the prosthesis surface.

Nonculture molecular methods based on amplification
and/or sequence analysis of conserved or species-spe-
cific genomic targets are expected to overcome some of
the above-mentioned limitations. Several studies have
addressed the usefulness of PCR in the diagnosis of PJI.
Most were based on bacterial 16S rDNA as the genetic
target for detection of medically significant bacteria in
culture-negative or polymicrobial samples.7,9,17,18 The
major shortcomings of these studies were the paucity of
clinical data and the lack of follow-up. Nonetheless,
Fenollar et al recently showed that this strategy may
detect previously unknown pathogens and potentially
novel bacterial species.18 However, the overriding con-
cern is the risk of generating false-positive results when
using broad-range PCR assays, as in the current study.
Hoeffel et al19 attempted to reduce the false-positive
amplification of broad-range PCR by developing genus-
specific PCR primers, which target a subgroup of Gram-
positive cocci and exclude E. coli, a common contaminant
of test reagents.19 To address the issue of false-positive
molecular results, special attention was paid to sample
collection, processing, and elimination of exogenous
bacterial DNA, which could be present in the polymer-
ase, as previously reported.9 It is worth noting that all
extraction controls remained negative throughout the
study, both in samples from presumed and ruled out PJI,
as well as in negative control samples.

Full concordance between positive and negative mo-
lecular results and conventional microbiological findings
was observed in 18 of 34 and three of 34 patients with
PJI, respectively. Good concordance between DNA-
based and culture-positive samples was noted either for
genus and/or species identification or detection of meth-
icillin resistance. While a high prevalence of staphylo-
cocci was confirmed in case of PJI, DNA assays allowed
them to be identified at the species and methicillin resis-
tance level, except in one sample. Whether or not CoNS

molecular species identification is of clinical value re-
mains an issue,20 but mounting evidence suggests that
some CoNS species, such as S. lugdunensis, may have
virulence factors that closely resemble those of S. aureus
and, consequently, could cause similarly aggressive and
destructive infections.21 Regarding positive but discrep-
ant species identification by culture and DNA assay, the
discrepant phenotype (S. faecalis and S. pyogenes) and
genotype (S. pyogenes) found in patient 1 were clearly
attributed to contamination by S. faecalis. In patient 2,
DNA analysis failed to detect the Bacillus sp. on two
consecutive samples, but contamination during either
culture or molecular sample processing cannot be ex-
cluded. In patient 3, who suffered a microbiologically
(P. aeruginosa) proven relapse, both P. aeruginosa and
Serratia sp. were detected at the DNA level. Evidence of
a double sequence led us to clone the PCR amplicons to
separately analyze amplicons of distinct origin. In pa-
tient 4, Clostridium sp. was detected by DNA analysis,
whereas S. epidermidis was cultured from three intraop-
erative specimens. This patient, who had not been re-
ceiving ciprofloxacin for 5 days at the time of surgery,
had a past history of PJI communicating within an en-
dopelvic abscess and superinfection by a polymicrobial
flora (Citrobacter freundii, Enterococcus faecium, Lactoba-
cillus sp., and Candida glabrata). While the DNA-based
assay and cultures were clearly discordant, a Clostridium-
negative culture at the time of surgery could have
resulted from the lack of an anaerobic container for
transport of the clinical samples to the laboratory. Cip-
rofloxacin, which exhibits some activity against Clostrid-
ium sp., could also have been a contributing factor. The
reason why S. epidermidis was not genotypically identi-
fied remains unclear, but it could have been related to the
sampling procedure.

The use of molecular diagnostics to complement cul-
ture methods increased the identification rate of patho-
gens from 22 of 34 (64.7%) to 31 of 34 (91.2%). It should
be noted that seven of the nine culture-negative PCR-
positive patients had been receiving antibiotics for a period
of 2 days to 5 weeks at the time of surgery. In patient 3,
antibiotics were discontinued only 10 days before sur-
gery. These findings confirm previous data reporting the
persistence of bacterial DNA in samples collected from
septic arthritis up to 22 days after antibiotic initiation.22

Using pathogen-specific primers, persistence of S. aureus
DNA was also identified up to 10 weeks after initiation of
therapy in a patient with knee PJI.23 Likewise, specific
nucleic acids were shown to persist in gonococcal arthritis
a few days after the start of therapy.24 These converging
data corroborate current observations and highlight the
interest of molecular testing in patients receiving antibio-
therapy, in whom the rate of false-negative culture can
reach 50%.5

The current protocol involved collecting and sending
separate samples for molecular and bacteriological anal-
yses. Our aim was to avoid interfering with the usual
procedure followed in the operating theater, ie, undue
sample manipulation by the surgical personnel charged
with dispatching the samples to the laboratories. The
objective was to assess the performance of molecular
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assays in a real surgical setting without affecting the
normal workload. While it could be argued that this ex-
perimental design does not compare results of different
methods on identical samples, it does compare results
from the same infected or presumed infected surgical
sites. An alternative would have been to send the sam-
ples to a specially designated receiving area, and then
assign them for respective molecular and microbiological
analyses.

The cost of implementing amplification-based DNA
analyses in a clinical setting was another major issue.
Accordingly, and despite the preliminary and experimen-
tal design of the current study, we attempted to assess
the financial constraints potentially related to these meth-
ods. Only the variable costs of processing a single spec-
imen were considered, therefore excluding all expenses
related to human resources, equipment, and infrastruc-
ture. The assessment simply took into account the DNA-
based identification strategy applied in our study. The
variable cost was $15.50 per sample extraction or PCR
assay and $42.50 per amplicon sequence. Altogether,
145 PCRs were performed on samples collected from 60
patients (mean, 2.4 PCRs/sample), including 82 Gram-
positive/Gram-negative 16rDNA, 47 femA and 16 mecA,
as well as 55 sequence analyses. The cost of the whole
study was therefore $5590 (euro), giving a mean of $93
(euro)/sample, which should be compared with the cost
of current microbiological identification methods. In the
near future, the outlay could be substantially reduced
with automation and processing of several samples
concurrently.

In conclusion, current data reveal the high sensitivity
and specificity of DNA-based methods and support their
use as an adjunct to microbiological approaches for
identification of causative agents in intraoperative PJI
samples. Indeed, in the present study, the combined use
of molecular and culture methods increased the bacterial
detection rate from 73.5% to 91.2%, proving especially
effective in case of non-growing pathogens due to recent
or concomitant antibiotherapy.
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