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Abstract. Introduction: The BIOFIRE Joint Infection (JI) Panel is a diagnostic tool that uses multiplex-PCR
testing to detect microorganisms in synovial fluid specimens from patients suspected of having septic arthritis
(SA) on native joints or prosthetic joint infections (PJIs). Methods: A study was conducted across 34 clinical
sites in 19 European and Middle Eastern countries from March 2021 to June 2022 to assess the effectiveness
of the BIOFIRE JI Panel. Results: A total of 1527 samples were collected from patients suspected of SA or
PJI, with an overall agreement of 88.4 % and 85 % respectively between the JI Panel and synovial fluid cultures
(SFCs). The JI Panel detected more positive samples and microorganisms than SFC, with a notable difference on
Staphylococcus aureus, Streptococcus species, Enterococcus faecalis, Kingella kingae, Neisseria gonorrhoeae,
and anaerobic bacteria. The study found that the BIOFIRE JI Panel has a high utility in the real-world clinical
setting for suspected SA and PJI, providing diagnostic results in approximately 1 h. The user experience was
positive, implying a potential benefit of rapidity of results’ turnover in optimising patient management strategies.
Conclusion: The study suggests that the BIOFIRE JI Panel could potentially optimise patient management and
antimicrobial therapy, thus highlighting its importance in the clinical setting.

1 Introduction

The incidence of septic arthritis is 4–10 per 100 000 individ-
uals per year, a figure which increases to 30–60 per 100 000
individuals for patients having underlying joint disease or a
prosthetic joint (Geirsson et al., 2008; Weston et al., 1999;
Favero et al., 2008; Smith et al., 2006; He et al., 2023; Patel,
2023). Younger children and older adults are the most vulner-
able groups (Roerdink et al., 2019). The prevalence of pros-
thetic joint infections (PJIs) ranges from 2.0 %–2.4 % after
primary interventions, a figure which increases to 20 % in pa-
tients undergoing revision procedures (Signore et al., 2019).
About 60 %–70 % of PJIs occur during the first 2 years post-
surgery, and nearly 50 % of all revision arthroplasties are due

to PJI, contributing to a 1 %–3 % annual mortality (Postler et
al., 2018).

Septic arthritis (SA) on native joints is usually aetiolog-
ically monomicrobial; the pathogen profile is relatively ho-
mogenous across patient populations; and it is associated
with acute clinical manifestations, with classic signs and
symptoms of swelling, pain, and redness at the infected
site. Conversely, PJIs may be aetiologically mono- or poly-
microbial and are commonly classified according to the time
of presentation from implantation of the prosthesis (Zim-
merli et al., 2004; Benito et al., 2019).

A number of fastidious pathogens which are more diffi-
cult to grow in culture can also be responsible for SA and
PJI, including Kingella kingae, a common cause of SA in
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younger children (Hunter et al., 2022; Yagupsky, 2022), and
Neisseria gonorrhoeae, an important cause of septic arthri-
tis in newborns and sexually active individuals (Kleiman
and Lamb, 1973; Moussiegt et al., 2022). Moreover, in an
extensive review conducted by Tande and Patel (2014) in-
cluding data from over 6700 specimens, the authors demon-
strated that Staphylococcus aureus was the most common
pathogen in early-onset PJI. These outcomes were consistent
across other prominent publications for PJIs (Benito et al.,
2019; Peel et al., 2012) and SA (Horowitz et al., 2011; He
et al., 2023). When acute haematogenous cases were anal-
ysed, Staphylococcus aureus alone was identified in 68 %
of samples (Stefánsdóttir et al., 2009). Thereafter, the most
common pathogens are Streptococcus species, Enterococcus
species, and gram-negative bacilli (Tande and Patel, 2014;
Stefánsdóttir et al., 2009; Wouthuyzen-Bakker et al., 2019).
Most notably, polymicrobial infections contribute to more
than 31 % of early infections and 15 % for all time-period
infections (Tande and Patel, 2014).

Traditional culturing of pathogens for a definitive microbi-
ological diagnosis of joint infections has several limitations.
Aside from limitations related to the turnaround time, tradi-
tional cultures are associated with a substantial false nega-
tive rate (Schulz et al., 2021), most notably related to pre-
analytical issues (e.g. SA patients previously treated with
antibiotics have a higher risk of false negative results with
culture methods. Moreover, the probability of having false-
negative results of PJI cultures increases with late com-
pared with early post-surgical period infections and ranges
from 6.5 %–17 % (Stefánsdóttir et al., 2009; Aggarwal et
al., 2014). In a review of 64 manuscripts, the average sen-
sitivity and specificity were, 65.6 % and 94.4 % respectively,
whereas for molecular diagnosis, sensitivity and specificity
were 74.1 % and 95.2 % respectively (Cozzi Lepri et al.,
2019). In another study, among 543 cases of SA, only 40 %
had positive synovial fluid cultures (McBride et al., 2020).

Remarkably, molecular methods such as PCR are often un-
available in hospitals and may also take 1–2 d to obtain a di-
agnosis due to turnaround time. Finally, cultures are much
more likely to miss polymicrobial infections (Schulz et al.,
2021).

A missed or delayed diagnosis can have a tremendous im-
pact on patients and put high financial strain on our health-
care budget. Moreover, this can result in extended rehabili-
tation trajectories, permanent disabilities, and psychological
consequences. It is known to increase morbidity and mortal-
ity. Also, prolonged administration of inappropriate antimi-
crobials can result in antimicrobial resistance, addressed by
the WHO as one of the main global public health threats we
are facing in our society.

Molecular diagnostic methods are currently being ex-
plored in various settings, and their benefits in proving crit-
ical information about the nature of the causative organisms
to optimise targeted therapy is evident (Kullar et al., 2023).
The BIOFIRE® Joint Infection (JI) Panel, a rapid syndromic

multiplex-PCR assay (hereafter the JI Panel), is an in vitro
diagnostic assay which detects 31 bacterial and yeast nucleic
acids and selects eight antimicrobial resistance genes most
involved in joint infections. The JI Panel has 91.7 % sensitiv-
ity and 99.8 % specificity. The fully integrated all-in-one sys-
tem required 2 min of hands-on time and 0.2 mL of synovial
fluid and provides diagnostic results within approximately
1 h (bioMérieux, 2022). In recent studies, positive percent
agreement and negative percent agreement for the JI Panel
and routine culture for on-panel organisms on SA and PJIs
were 91.6 % and 93.0 % (Saeed et al., 2022), and the com-
parison of JI Panel with culture on SA and acute PJI demon-
strated a sensitivity of 80.6 % and a specificity of 100.0 % for
the JI Panel (Schoenmakers et al., 2023).

The purpose of this study was to evaluate the agreement
between the JI Panel and the synovial fluid culture and assess
the user experience with the JI Panel in a multi-national site
study of real-world settings.

2 Materials and methods

A total of 30 to 60 JI Panels were provided to 34 clinical
sites across 19 countries in Europe and the Middle East. In-
structions were provided to utilise the JI Panel per labelled
indication in addition to the standard of care in patients sus-
pected of having SA or PJI using leftover synovial fluids. The
JI Panel includes 29 bacterial targets, 2 yeasts, and 8 resis-
tance markers (details of the microorganisms are in Tables 2
and 3). The JI Panel tests were intended for investigational
use only, and no data provided by the JI Panel were used
for clinical decision-making. To capture the real-world data
with the least amount of bias, the study allows the standards
of care to vary (e.g. disease epidemiology, patient manage-
ment methods, and facility capacities) across clinical sites.
Data on the JI Panel results and their synovial fluid culture
counterparts performed per standard of care in each centre
were collected prospectively by individual investigators in
each centre during approximately 16 months, from Febru-
ary 2021 to June 2022. Subsequently, the sites were asked to
comment on whether the JI Panel results would have had an
impact on patient management, in order to evaluate the user
experience and possible perspectives in utilising the JI Panel
in real-life use.

Only descriptive analyses were done for the data inter-
pretation. Overall agreement was calculated at sample level,
based on results obtained with synovial fluid routine culture
and JI Panel for each sample; a positive result means that at
least one microorganism was detected by the method. Then,
the detection results by organism were assessed on if both
or only one of the methods detected the microorganism. The
final diagnosis of SA or PJI was not considered in this cal-
culation. Ethical aspects, such as required approval and pa-
tient consent forms, were handled on a case-per-case basis
depending on the site and country requirements. Only sus-
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Table 1. Distribution of age, joint infection origin, and type.

Evaluable Percent of samples
parameters (n= 1527 samples)

Age of patient

≤ 18 years old 6 % (87)
19–55 years old 23 % (357)
≥ 56 years old 59 % (898)
Unknown 12 % (185)

Joint infection type

Native 57 % (873)
Prosthetic 26 % (398)
Unknown 17 % (256)

Joint type

Knee 54 % (826)
Hip 16 % (251)
Shoulder 5 % (79)
Elbow 4 % (57)
Spine 2 % (34)
Ankle 2 % (31)
Wrist 1 % (13)
Unknown 16 % (236)

pected cases of SA and PJI were included. In addition, all
specimens in which cultures only grew organisms missing
from the JI Panel menu were excluded for the on-panel anal-
ysis results.

3 Results

There were 1527 synovial fluid analysed across the 34 par-
ticipating sites, including 873 (57 %) specimens for SA and
398 (26 %) in PJI. The sites reported use of the JI Panel most
commonly in patients over the age of 56 years. The distribu-
tion of joint types was the following: knee (54 %), hip (16 %),
shoulder (5 %), elbow (4 %), spine (2 %), ankle (2 %), and
wrist (1 %).

Table 1 presents the patient age groups, joint infection
types, and involved joints.

3.1 Native joint infection microorganism distribution

3.1.1 Overall agreement between synovial fluid cultures
and JI Panel results at specimen level

The comparison by specimen between the JI Panel and syn-
ovial fluid cultures (SFCs) led to an overall agreement of
88.4 %. There were 147 specimens found to be positive (de-
tection of at least one microorganism) by both SFC and the JI
Panel, and 641 specimens were found to be negative by both
SFC and the JI Panel. There were 73 specimens found to be

positive only by the JI Panel and 12 specimens found to be
positive only by SFC.

3.1.2 Comparison of microorganism and resistance
marker detections obtained by synovial fluid
cultures and JI Panel

For each microorganism and resistance marker, Table 2 pro-
vides detections obtained with both SFC and JI Panel, de-
tections only obtained with SFC, and detections only ob-
tained with JI Panel. Table 2 also provides the total numbers
of microorganisms and resistance markers detected by each
method.

The most common microorganism identified was Staphy-
lococcus aureus, followed by Streptococcus and Enterococ-
cus species. Out of 26 Streptococcus spp. detected, 13 were
only detected by the JI Panel, while SFCs were negative,
whereas SFC detected Streptococcus spp. in three samples
in which the JI Panel was negative. Out of 17 gram-positive
anaerobes detected, the JI Panel detected 15 which were not
detected by SFC, whereas both methods were positive in only
two cases. Out of 17 detections of Enterococcus species, SFC
detected 1 which was not detected by the JI Panel, and the JI
Panel detected 7 which were not detected by SFC. Moreover,
from a total of 117 Staphylococcus aureus, 26 were detected
by the JI Panel and not by SFC, whereas 7 were detected by
the JI Panel and not by SFC. In addition, out of 9 Streptococ-
cus pneumoniae, 7 were detected by the JI Panel and not by
SFC. Notably, the JI Panel detected 7 Neisseria gonorrhoeae
and 3 Kingella kingae that SFC did not detect.

Figure 1 provides the overall distribution by microorgan-
ism for SFC and the JI Panel. For all microorganisms, the
detection rate is higher with the JI Panel than with SFC ex-
cept for Pseudomonas aeruginosa.

In terms of antimicrobial resistance gene detection, out of
12 methicillin resistance genes associated with Staphylococ-
cus aureus (mecA/C/MREJ), 6 were only detected by the JI
Panel, 2 only by antimicrobial susceptibility testing follow-
ing SFC, and 4 by both methods. JI Panel also detected resis-
tance genes of CTX-M (2 associated with Klebsiella pneu-
moniae), NDM, OXA-48-like, and VIM (1 associated with
Serratia marcescens).

Only microorganisms and resistance markers included in
the JI Panel menu are reported in Table 2 and Fig. 1.

Regarding “off-panel” microorganisms, i.e. microorgan-
isms not covered by the JI Panel and detected by SFC, the
most common microorganisms identified were Staphylococ-
cus epidermidis (6 %), followed by Staphylococcus capi-
tis (4 %), Bacillus species (2 %), and Cutibacterium acnes
(2 %).
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Figure 1. Distribution of microorganisms in native joint infections (on-panel).

3.2 Prosthetic joint infection microorganism distribution

3.2.1 Overall agreement between synovial fluid cultures
and JI Panel results at specimen level

The comparison by specimen between the JI Panel and SFC
led to an overall agreement of 85.7 %. There were 138 speci-
mens found to be positive (detection of at least one microor-
ganism) by both the JI Panel and SFC and 210 specimens
found to be negative by both the JI Panel and SFC. There
were 38 specimens found to be positive only by the JI Panel
and 12 specimens found to be positive only by SFC.

3.2.2 Comparison of microorganism and resistance
marker detections obtained by synovial fluid
cultures and JI Panel

For each microorganism and resistance marker, Table 3 pro-
vides detections obtained with both SFC and the JI Panel,
detections only obtained with SFC, and detections only ob-
tained with the JI Panel. Then, Table 2 also provides the total
numbers of microorganisms and resistance markers detected
by each method.

As obtained for SA, for PJI the most common microor-
ganism identified was Staphylococcus aureus, followed by
Streptococcus and Enterococcus species. Out of 74 Staphylo-
coccus aureus, 14 were detected by the JI Panel only. Out of
21 Enterococcus species detections, 9 were detected by the JI
Panel only. Similarly, out of 5 Finegoldia magna detections,
4 were only detected by the JI Panel. Out of 14 Klebsiella
species detections, 8 were detected by JI Panel and not by
SFC.

Figure 2 provides the overall distribution by microorgan-
ism for SFC and JI Panel. For all microorganisms, the detec-
tion rate is higher with the JI Panel than with SFC except for
Pseudomonas aeruginosa.

In terms of antimicrobial resistance gene detection, out of
nine methicillin resistance genes associated with Staphylo-
coccus aureus (mecA/C/MREJ), four were only detected by
the JI Panel and five by both methods. The JI Panel also de-
tected one resistance gene of vanA/B associated with Entero-
coccus faecium and CTX-M, NDM, OXA-48-like, and VIM
resistance gene associated with gram-negative bacteria.

Only microorganisms and resistance markers included in
the JI Panel menu are reported in Table 3 and Fig. 2.

Off-panel microorganisms for patients with PJI included
similarly Staphylococcus epidermidis as the most preva-
lent (nearly 12 %) followed by Bacillus species (1.5 %),
Corynebacterium species (1.5 %), Cutibacterium acnes, and
Staphylococcus capitis (1 %).

3.3 User experience

The user experience was divided into the perceived experi-
ence by positive and negative detections by the JI Panel per
SA and PJI. Approximately half of the utilisers provided their
feedback on the potential benefits of the JI Panel. Among re-
sponders using the JI Panel for SA, 64 % reported that the JI
Panel results would have modified the patient management
when the panel detected a positive outcome (i.e. success-
fully detected a pathogen), and among responders using the
JI Panel for PJI, 70 % reported that the JI Panel results would
have modified the patient management when the panel de-
tected a positive outcome. Furthermore, among responders
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Table 2. Detection results per microorganism and resistance genes for SFC and JI Panel in native joints (on-panel).

Number Number Number Number Number Number
SFC (+) SFC (−) SFC (+) total (+) JI (+) SFC (+)

JI (+) JI (+) JI (−)

G
ra

m
-p

os
iti

ve
ba

ct
er

ia

A
er

ob
es

Enterococcus faecalis 9 5 1 15 14 10
Enterococcus faecium 0 2 0 2 2 0
Staphylococcus aureus 84 26 7 117 110 91
Staphylococcus lugdunensis 2 2 0 4 4 2
Streptococcus spp. 10 13 3 26 23 13
Streptococcus agalactiae 9 3 1 14 13 11
Streptococcus pneumoniae 2 7 0 9 9 2
Streptococcus pyogenes 3 3 1 7 6 4

A
na

er
ob

es

Anaerococcus prevotii/vaginalis 0 6 0 6 6 0
Clostridium perfringens 1 0 0 1 1 1
Cutibacterium avidum/granulosum 0 0 0 0 0 0
Finegoldia magna 0 4 0 4 4 0
Parvimonas micra 0 2 0 2 2 0
Peptoniphilus 1 3 0 4 4 1
Peptostreptococcus anaerobius 0 0 0 0 0 0

G
ra

m
-n

eg
at

iv
e

ba
ct

er
ia

A
er

ob
es

Citrobacter spp. 0 0 0 0 0 0
Enterobacter cloacae complex 0 2 1 3 2 1
Escherichia coli 9 3 0 12 12 9
Haemophilus influenzae 0 2 0 2 2 0
Kingella kingae 0 3 0 3 3 0
Klebsiella aerogenes 0 0 0 0 0 0
Klebsiella pneumoniae Group 4 1 0 5 5 4
Morganella morganii 0 1 1 2 1 1
Neisseria gonorrhoeae 4 7 1 12 11 5
Proteus spp. 2 3 0 5 5 2
Pseudomonas aeruginosa 9 1 3 13 10 12
Salmonella spp. 0 0 0 0 0 0
Serratia marcescens 1 2 2 5 3 3

Anaerobes Bacteroides fragilis 1 2 0 3 3 1

Yeasts Candida spp. 0 1 0 1 1 0
Candida albicans 1 0 0 1 1 1

R
es

is
ta

nc
e

m
ar

ke
rs

Gram- mecA/C and MREJ 4 6 2 12 10 6
positive van A/B 0 0 0 0 0 0

G
ra

m
-n

eg
at

iv
e CTX-M 0 2 0 2 2 0

IMP 0 0 0 0 0 0
KPC 0 0 0 0 0 0
NDM 0 1 0 1 1 0
OXA-48-like 0 1 0 1 1 0
VIM 0 1 0 1 1 0

Abbreviations are as follows: JI – Joint Infection Panel, SFC – synovial fluid culture.

using the JI Panel for SA, 31 % reported that the JI Panel
results could have modified the patient management when
the panel did not detect a positive outcome (i.e. no pathogen
was detected by the panel), and among responders using the
panel for PJI, 20 % reported that the JI Panel results could
have modified the patient management when the panel did
not detect a positive outcome.

4 Conclusions

Delay in diagnosis and inadequate antibiotic therapy in septic
joints including PJI can lead to worse outcomes, and there-
fore enhancing microbiological diagnostic yield is an impor-
tant factor in the management and outcome of septic arthritis
(Costales and Butler-Wu, 2018).
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Figure 2. Distribution of microorganisms in prosthetic joint infections (on-panel).

We report the findings for a multi-national evaluation of
the JI Panel in comparison with SFC for synovial fluid (na-
tive and PJI) samples to consider its potential impact on the
management of joint infections in various laboratory settings.

At specimen level, the overall agreement between the two
methods was high for both SA (88.4 %) and PJI (85.7 %),
with more specimens found to be positive by the JI Panel than
synovial fluid cultures. SFC is the current reference method
but seems to fail to identify some microorganisms leading
to a lower diagnostic yield than the JI Panel. Even if there
were no discrepant analyses at the specimen level, these re-
sults are in accordance with recent publications, demonstrat-
ing that the positivity rate obtained by SFC is lower than the
one obtained with the JI Panel (Saeed et al., 2022; Esteban et
al., 2023).

The most frequent microorganisms identified in both types
of infections were Staphylococcus aureus, Streptococcus,
and Enterococcus species. The JI Panel found many addi-
tional detections of these three microorganisms, which could
potentially lead to more appropriate antimicrobial treatment,
a crucial element in tackling antimicrobial resistance, and
better patient outcome. Additionally, the panel detected more
anaerobic organisms which can be generally difficult to grow,
or they can easily perish during suboptimal sample process-
ing. More than 30 anaerobic microorganisms such as Anaero-
coccus prevotii/vaginalis, Finegoldia magna, Peptoniphilus,
and Parvimonas micra were only detected by the JI Panel and
not by SFC. While these microorganisms are less prevalent
based on culture epidemiology, their detection by the JI Panel
will potentially change the nature of the epidemiology of SA
and PJI and possible antibiotics guidance; however we need

more studies to confirm this impact. The JI Panel also iden-
tified some microorganisms that were overlooked by SFC,
such as Neisseria gonorrhoeae and Streptococcus pneumo-
niae, which might not routinely be suspected by clinicians.

Early diagnosis of Neisseria gonorrhoeae septic arthritis
is not only important for the patient but also for contact trac-
ing as well checking other potential sexually transmitted dis-
eases.

Regarding paediatric patients, Kingella kingae is the most
prevalent pathogen for children under 5 years old. The JI
Panel was able to detect three cases of Kingella kingae in
paediatric SA samples that were missed by SFC as they are
difficult to grow organisms.

Confirming the findings from Saeed et al. (2022), accu-
rate identification in children with septic arthritis is critical
to avoid cartilage damage and could also support an adjusted
antimicrobial prescription with an earlier switch of route of
administration and facilitate discharge (Alcobendas et al.,
2023).

Additionally, it is important to note that the JI Panel’s
ability to quickly detect certain common antimicrobial re-
sistance genes may optimise antimicrobial therapy which
will impact antimicrobial stewardship, especially in regions
with a high prevalence of drug resistant pathogens, as
well as impact infection prevention, isolation for cases of
methicillin-resistant S. aureus (MRSA), extended spectrum
beta-lactamase producers (ESBL), and vancomycin-resistant
enterococci (VRE). The JI Panel detected more resistance
genes overall, especially for Staphylococcus aureus with me-
thicillin resistance genes.
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Table 3. Detection results per microorganism and resistance genes for SFC and JI Panel in prosthetic joint infections (on-panel).

Number Number Number Number Number Number
SFC (+) SFC (−) SFC (+) total (+) JI (+) SFC (+)

JI (+) JI (+) JI (−)

G
ra

m
-p

os
iti

ve
ba

ct
er

ia

A
er

ob
es

Enterococcus faecalis 10 8 0 18 18 10
Enterococcus faecium 2 1 0 3 3 2
Staphylococcus aureus 58 14 2 74 72 60
Staphylococcus lugdunensis 8 2 0 10 10 8
Streptococcus spp. 15 4 3a 22 19 18
Streptococcus agalactiae 9 2 0 11 11 9
Streptococcus pneumoniae 0 0 0 0 0 0
Streptococcus pyogenes 2 1 0 3 3 2

A
na

er
ob

es

Anaerococcus prevotii/vaginalis 0 2 0 2 2 0
Clostridium perfringens 0 0 0 0 0 0
Cutibacterium avidum/granulosum 1 1 0 2 2 1
Finegoldia magna 1 4 0 5 5 1
Parvimonas micra 1 1 1 3 2 2
Peptoniphilus 0 1 0 1 1 0
Peptostreptococcus anaerobius 0 0 0 0 0 0

G
ra

m
-n

eg
at

iv
e

ba
ct

er
ia

A
er

ob
es

Citrobacter spp. 1 1 1 3 2 2
Enterobacter cloacae complex 9 4 1 14 13 10
Escherichia coli 11 3 2 16 14 13
Haemophilus influenzae 0 0 0 0 0 0
Kingella kingae 0 0 0 0 0 0
Klebsiella aerogenes 1 2 0 3 3 1
Klebsiella pneumoniae group 5 6 0 11 11 5
Morganella morganii 2 0 0 2 2 2
Neisseria gonorrhoeae 0 1 0 1 1 0
Proteus spp. 1 1 0 2 2 1
Pseudomonas aeruginosa 3 2 3 8 5 6
Salmonella spp. 0 0 0 0 0 0
Serratia marcescens 2 1 0 3 3 2

Anaerobes Bacteroides fragilis 2 0 0 2 2 2

Yeasts Candida spp. 0 0 1b 1 0 1
Candida albicans 1 1b 0 2 2 1

R
es

is
ta

nc
e

m
ar

ke
rs

Gram- mecA/C and MREJ 5 4 0 9 9 5
positive van A/B 1 1 0 2 2 1

G
ra

m
-n

eg
at

iv
e CTX-M 3 3 0 6 6 3

IMP 0 0 0 0 0 0
KPC 0 0 0 0 0 0
NDM 0 4 0 4 4 0
OXA-48-like 0 4 0 4 4 0
VIM 0 2 0 2 2 0

Abbreviations are as follows: JI – Joint Infection Panel, SFC – synovial fluid culture.
a One identified as Streptococcus pyogenes by JI Panel. b Candida spp. by SFC identified as Candida albicans by JI Panel.

The study has limitations, including its retrospective na-
ture; interlaboratory variations of SFC; and sites perform-
ing the study at different time points, with criteria for na-
tive SA or PJI that could have potentially varied from site to
site based on suspicion of infection. Furthermore, as a non-
interventional study, we have no prior information about an-

tibiotic exposure and the impact of this on culture. Finally,
we did not assess impact on antimicrobial management and
infection prevention when a resistance gene was detected
by the panel. Additionally, it is important to mention that a
certain proportion of organisms identified by SFC were not
detected by the JI Panel as the panel does not cover those
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specific organisms and not because of any limitations in the
accuracy of detection, such as coagulase negative Staphylo-
cocci (apart from S. lugdunensis) and Cutibacterium acnes.

More studies such as controlled or interventional studies
are needed to better evaluate the clinical impact in terms
of antimicrobial resistance, surgical management, and long-
term patient-reported outcomes.

Despite these limitations, the JI Panel detected more mi-
croorganisms and more resistance genes in both SA and PJI
compared to synovial fluid cultures and applicable methods
for resistance identification. Even if the study did not directly
compare the turnaround times of SFC and the JI Panel, as
per recent publications, the JI Panel, with a 1 h turnaround
time, provided a faster time to results compared to a Gram
stain and SFC, which can take up to 4 h and 14 d respectively
(Azad et al., 2022; Berinson et al., 2023; Hoffman et al.,
2023). Given the high precision of diagnosis with the JI Panel
relative to SFC and the ability to quickly detect microorgan-
isms and resistance markers, in 1 h, the JI Panel may yield
a higher number of correctly identified pathogens in both
septic arthritis in native joints and prosthetic joint infections,
possibly leading to an optimised antimicrobial stewardship,
as delayed appropriate therapy could increase the time of an-
tibiotic therapy (Balada-Llasat et al., 2022). Hence, patients
could also benefit from an earlier antibiotic de-escalation
and/or switch of antibiotic (Berinson et al., 2023). This could
also support the surgical strategy (Indelli et al., 2023) and ap-
propriate patient management for better patient outcomes.

The JI Panel must always be used alongside synovial fluid
culture for patients with a suspicion of SA or PJI, and the
final diagnosis should follow dedicated guidelines. Prefer-
ences should not be given to a specific joint since there is
no significant difference.

In this real-world evidence study, the JI Panel was pro-
vided to clinical sites across several countries to further un-
derstand its utility as assessed by the final users. The impact
on patient management observed on positive samples is cor-
related with results obtained when culture as having a fast
and accurate result could improve patient management. User
experience needs to be further evaluated through surveys and
testimonials to gather more informative data on its clinical
utility.

In summary, the JI Panel had increased yield for on-panel
organisms compared to synovial fluid cultures and with rapid
turnaround times, demonstrating a potential adjuvant to stan-
dard cultures with more clinical impact on patient manage-
ment.

Data availability. No data sets were used in this article.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/jbji-9-87-2024-supplement.

Author contributions. All participating sites were responsible
for local study design, test implementation, sample collection and
testing, local analysis, and data report. All participating sites re-
viewed the final paper before submission.

All authors were responsible for data aggregation from all partic-
ipating sites and analysis, for manuscript writing with the support
of LyonaPharm Consulting, and for manuscript submission to the
journal.

Competing interests. At least one of the (co-)authors is a mem-
ber of the editorial board of Journal of Bone and Joint Infection.
The peer-review process was guided by an independent editor, and
the authors also have no other competing interests to declare.

Ethical statement. Ethical aspects were handled on a case-per-
case basis depending on the site and on the country.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Acknowledgements. As only one to two authors per partici-
pating sites were included in the authors’ list, authors thank all
participating site members who took part in this evaluation. The
BIOFIRE® JI Panels were provided by bioMérieux to all partici-
pating sites.

Review statement. This paper was edited by Bryan Springer and
reviewed by two anonymous referees.

References

Aggarwal, V. K., Bakhshi, H., Ecker, N. U., Parvizi, J., Gehrke, T.,
and Kendoff, D.: Organism profile in periprosthetic joint infec-
tion: pathogens differ at two arthroplasty infection referral cen-
ters in Europe and in the United States, J. Knee Surg., 27, 399–
406, https://doi.org/10.1055/s-0033-1364102, 2014.

Alcobendas, R. M., Udaondo, C., and Calvo, C.: Exclusively Oral
Treatment for Osteoarticular Infections in Children. Is It Time?,
Iris Publishers Archives of Rheumatology & Arthritis Research
– ARAR, 2, https://doi.org/10.33552/ARAR.2023.02.000548,
2023.

Azad, M. A., Wolf, M. J., Strasburg, A. P., Daniels, M. L., Starkey,
J. C., Donadio, A. D., Abdel, M. P., Greenwood-Quaintance, K.
E., and Patel, R.: Comparison of the BioFire Joint Infection Panel
to 16S Ribosomal RNA Gene-Based Targeted Metagenomic Se-
quencing for Testing Synovial Fluid from Patients with Knee
Arthroplasty Failure, J. Clin. Microbiol., 60, e01126-01122,
https://doi.org/10.1128/jcm.01126-22, 2022.

https://doi.org/10.5194/jbji-9-87-2024 J. Bone Joint Infect., 9, 87–97, 2024

https://doi.org/10.5194/jbji-9-87-2024-supplement
https://doi.org/10.1055/s-0033-1364102
https://doi.org/10.33552/ARAR.2023.02.000548
https://doi.org/10.1128/jcm.01126-22


96 S. Pascual et al.: Potential value of a rapid syndromic multiplex PCR for the diagnosis of native and PJIs

Balada-Llasat, J.-M., Stamas, N., Vincent, T., Timbrook, T. T.,
Saiontz-Martinez, C., Hemmert, R. B., and Berger, A.: Epi-
demiology and Economic Outcomes Associated with Timely
versus Delayed Receipt of Appropriate Antibiotic Therapy
among US Patients Hospitalized for Native Septic Arthri-
tis: A Retrospective Cohort Study, Antibiotics, 11, 1732,
https://doi.org/10.3390/antibiotics11121732, 2022.

Benito, N., Mur, I., Ribera, A., Soriano, A., Rodríguez-Pardo, D.,
Sorlí, L., Cobo, J., Fernández-Sampedro, M., Del Toro, M. D.,
Guío, L., Praena, J., Bahamonde, A., Riera, M., Esteban, J.,
Baraia-Etxaburu, J. M., Martínez-Alvarez, J., Jover-Sáenz, A.,
Dueñas, C., Ramos, A., Sobrino, B., Euba, G., Morata, L., Pi-
grau, C., Horcajada, J. P., Coll, P., Crusi, X., and Ariza, J.: The
Different Microbial Etiology of Prosthetic Joint Infections ac-
cording to Route of Acquisition and Time after Prosthesis Im-
plantation, Including the Role of Multidrug-Resistant Organ-
isms, J. Clin. Med., 8, 673, https://doi.org/10.3390/jcm8050673,
2019.

Berinson, B., Spenke, L., Krivec, L., Tanida, K., Both, A., Keller,
J., Rolvien, T., Christner, M., Lütgehetmann, M., Aepfelbacher,
M., Klatte, T. O., and Rohde, H.: Performance and Hypotheti-
cal Impact on Joint Infection Management of the BioFire Joint
Infection Panel: a Retrospective Analysis, J. Clin. Microbiol., 0,
e00592-00523, https://doi.org/10.1128/jcm.00592-23, 2023.

bioMérieux: BIOFIRE JI Panel Instructions For Use, https://
www.biofiredx.com/support/documents/ (last access: 26 Febru-
ary 2024), 2022.

Costales, C. and Butler-Wu, S. M.: A Real Pain: Diagnostic Quan-
daries and Septic Arthritis, J. Clin. Microbiol., 56, e01358-
01317, https://doi.org/10.1128/jcm.01358-17, 2018.

Cozzi Lepri, A., Del Prete, A., Soderi, S., Innocenti, M.,
and Civinini, R.: The identification of pathogens associ-
ated with periprosthetic joint infection in two-stage re-
vision, Eur. Rev. Med. Pharmacol. Sci., 23, 101–116,
https://doi.org/10.26355/eurrev_201904_17480, 2019.

Esteban, J., Salar-Vidal, L., Schmitt, B. H., Waggoner, A., Laurent,
F., Abad, L., Bauer, T. W., Mazariegos, I., Balada-Llasat, J.-M.,
Horn, J., Wolk, D. M., Jefferis, A., Hermans, M., Verhoofstad,
I., Butler-Wu, S. M., Umali-Wilcox, M., Murphy, C., Cabrera,
B., Craft, D., Bredow, B. v., Leber, A., Everhart, K., Bard, J.
D., Flores, I. I., Daly, J., Barr, R., Holmberg, K., Graue, C., and
Kensinger, B.: Multicenter evaluation of the BIOFIRE Joint In-
fection Panel for the detection of bacteria, yeast, and AMR genes
in synovial fluid samples, J. Clin. Microbiol., 0, e00357-00323,
https://doi.org/10.1128/jcm.00357-23, 2023.

Favero, M., Schiavon, F., Riato, L., Carraro, V., and Punzi, L.:
Rheumatoid arthritis is the major risk factor for septic arthri-
tis in rheumatological settings, Autoimmun. Rev., 8, 59–61,
https://doi.org/10.1016/j.autrev.2008.07.018, 2008.

Geirsson, A. J., Statkevicius, S., and Víkingsson, A.: Sep-
tic arthritis in Iceland 1990-2002: increasing incidence due
to iatrogenic infections, Ann. Rheum. Dis., 67, 638–643,
https://doi.org/10.1136/ard.2007.077131, 2008.

He, M., Arthur Vithran, D. T., Pan, L., Zeng, H., Yang, G., Lu,
B., and Zhang, F.: An update on recent progress of the epi-
demiology, etiology, diagnosis, and treatment of acute septic
arthritis: a review, Front Cell Infect. Microbiol., 13, 1193645,
https://doi.org/10.3389/fcimb.2023.1193645, 2023.

Hoffman, T., Kriger, O., Cohen, S., Gefen-Halevi, S., Yahav, D.,
and Amit, S.: Real-Life Experience and Diagnostic Utility of the
BioFire Joint Infection PCR Panel in Bone and Joint Infections:
Analysis of a Prospective Validation Study, Infect. Dis. Ther., 12,
1437–1443, https://doi.org/10.1007/s40121-023-00809-x, 2023.

Horowitz, D. L., Katzap, E., Horowitz, S., and Barilla-LaBarca, M.
L.: Approach to septic arthritis, Am. Fam. Physician, 84, 653–
660, 2011.

Hunter, S., Chan, H., and Baker, J. F.: Global epidemiology of child-
hood bone and joint infection: a systematic review, Infection, 50,
329–341, https://doi.org/10.1007/s15010-021-01741-3, 2022.

Indelli, P. F., Ghirardelli, S., Valpiana, P., Bini, L., Festini, M.,
and Iannotti, F.: Debridement, Antibiotic Pearls, and Retention
of the Implant (DAPRI) in the Treatment of Early Peripros-
thetic Joint Infections: A Consecutive Series, Pathogens, 12, 605,
https://doi.org/10.3390/pathogens12040605, 2023.

Kleiman, M. B. and Lamb, G. A.: Gonococcal arthritis in a newborn
infant, Pediatrics, 52, 285–287, 1973.

Kullar, R., Chisari, E., Snyder, J., Cooper, C., Parvizi, J., and Snif-
fen, J.: Next-Generation Sequencing Supports Targeted Antibi-
otic Treatment for Culture Negative Orthopedic Infections, Clin.
Infect. Dis., 76, 359–364, https://doi.org/10.1093/cid/ciac733,
2023.

McBride, S., Mowbray, J., Caughey, W., Wong, E., Luey, C., Sid-
diqui, A., Alexander, Z., Playle, V., Askelund, T., Hopkins, C.,
Quek, N., Ross, K., Orec, R., Mistry, D., Coomarasamy, C.,
and Holland, D.: Epidemiology, Management, and Outcomes of
Large and Small Native Joint Septic Arthritis in Adults, Clin. In-
fect. Dis., 70, 271–279, https://doi.org/10.1093/cid/ciz265, 2020.

Moussiegt, A., François, C., Belmonte, O., Jaubert, J., Traversier,
N., Picot, S., Josse, F., Guillot, X., Poubeau, P., Moiton, M.
P., Bertolotti, A., and Raffray, L.: Gonococcal arthritis: case
series of 58 hospital cases, Clin. Rheumatol. 41, 2855–2862,
https://doi.org/10.1007/s10067-022-06208-w, 2022.

Patel, R.: Periprosthetic Joint Infection, N. Engl. J. Med., 388, 251–
262, https://doi.org/10.1056/NEJMra2203477, 2023.

Peel, T. N., Cheng, A. C., Buising, K. L., and Choong, P. F.: Micro-
biological aetiology, epidemiology, and clinical profile of pros-
thetic joint infections: are current antibiotic prophylaxis guide-
lines effective?, Antimicrob. Agents Chemother., 56, 2386–2391,
https://doi.org/10.1128/aac.06246-11, 2012.

Postler, A., Lützner, C., Beyer, F., Tille, E., and Lützner, J.: Anal-
ysis of Total Knee Arthroplasty revision causes, BMC Mus-
culoskelet. Disord., 19, 55, https://doi.org/10.1186/s12891-018-
1977-y, 2018.

Roerdink, R. L., Huijbregts, H., van Lieshout, A. W. T., Dietvorst,
M., and van der Zwaard, B. C.: The difference between native
septic arthritis and prosthetic joint infections: A review of lit-
erature, J. Orthop. Surg. (Hong Kong), 27, 2309499019860468,
https://doi.org/10.1177/2309499019860468, 2019.

Saeed, K., Ahmad-Saeed, N., Annett, R., Barlow, G., Barrett, L.,
Boyd, S. E., Boran, N., Davies, P., Hughes, H., Jones, G., Leach,
L., Lynch, M., Nayar, D., Maloney, R. J., Marsh, M., Milburn, O.,
Mitchell, S., Moffat, L., Moore, L. S. P., Murphy, M. E., O’Shea,
S. A., O’Sullivan, F., Peach, T., Petridou, C., Reidy, N., Selvarat-
nam, M., Talbot, B., Taylor, V., Wearmouth, D., and Aldridge,
C.: A multicentre evaluation and expert recommendations of use
of the newly developed BioFire Joint Infection polymerase chain

J. Bone Joint Infect., 9, 87–97, 2024 https://doi.org/10.5194/jbji-9-87-2024

https://doi.org/10.3390/antibiotics11121732
https://doi.org/10.3390/jcm8050673
https://doi.org/10.1128/jcm.00592-23
https://www.biofiredx.com/support/documents/
https://www.biofiredx.com/support/documents/
https://doi.org/10.1128/jcm.01358-17
https://doi.org/10.26355/eurrev_201904_17480
https://doi.org/10.1128/jcm.00357-23
https://doi.org/10.1016/j.autrev.2008.07.018
https://doi.org/10.1136/ard.2007.077131
https://doi.org/10.3389/fcimb.2023.1193645
https://doi.org/10.1007/s40121-023-00809-x
https://doi.org/10.1007/s15010-021-01741-3
https://doi.org/10.3390/pathogens12040605
https://doi.org/10.1093/cid/ciac733
https://doi.org/10.1093/cid/ciz265
https://doi.org/10.1007/s10067-022-06208-w
https://doi.org/10.1056/NEJMra2203477
https://doi.org/10.1128/aac.06246-11
https://doi.org/10.1186/s12891-018-1977-y
https://doi.org/10.1186/s12891-018-1977-y
https://doi.org/10.1177/2309499019860468


S. Pascual et al.: Potential value of a rapid syndromic multiplex PCR for the diagnosis of native and PJIs 97

reaction panel, Eur. J. Clin. Microbiol. Infect. Dis., 42, 169–176,
https://doi.org/10.1007/s10096-022-04538-w, 2022.

Schoenmakers, J. W. A., de Boer, R., Gard, L., Kampinga,
G. A., van Oosten, M., van Dijl, J. M., Jutte, P. C., and
Wouthuyzen-Bakker, M.: First evaluation of a commercial mul-
tiplex PCR panel for rapid detection of pathogens associated
with acute joint infections, J. Bone Joint Infect., 8, 45–50,
https://doi.org/10.5194/jbji-8-45-2023, 2023.

Schulz, P., Dlaska, C. E., Perka, C., Trampuz, A., and Renz, N.:
Preoperative synovial fluid culture poorly predicts the pathogen
causing periprosthetic joint infection, Infection, 49, 427–436,
https://doi.org/10.1007/s15010-020-01540-2, 2021.

Signore, A., Sconfienza, L. M., Borens, O., Glaudemans, A. W. J.
M., Cassar-Pullicino, V., Trampuz, A., Winkler, H., Gheysens,
O., Vanhoenacker, F. M. H. M., Petrosillo, N., and Jutte, P. C.:
Consensus document for the diagnosis of prosthetic joint infec-
tions: a joint paper by the EANM, EBJIS, and ESR (with ES-
CMID endorsement), Eur. J. Nucl. Med. Mol. Imaging, 46, 971–
988, https://doi.org/10.1007/s00259-019-4263-9, 2019.

Smith, J. W., Chalupa, P., and Shabaz Hasan, M.: Infectious arthri-
tis: clinical features, laboratory findings and treatment, Clin.
Microbiol. Infect., 12, 309–314, https://doi.org/10.1111/j.1469-
0691.2006.01366.x, 2006.

Stefánsdóttir, A., Johansson, D., Knutson, K., Lidgren, L., and
Robertsson, O.: Microbiology of the infected knee arthroplasty:
report from the Swedish Knee Arthroplasty Register on 426
surgically revised cases, Scand. J. Infect. Dis., 41, 831–840,
https://doi.org/10.3109/00365540903186207, 2009.

Tande, A. J. and Patel, R.: Prosthetic joint infection, Clin. Micro-
biol. Rev., 27, 302–345, https://doi.org/10.1128/cmr.00111-13,
2014.

Weston, V. C., Jones, A. C., Bradbury, N., Fawthrop, F., and Do-
herty, M.: Clinical features and outcome of septic arthritis in a
single UK Health District 1982–1991, Ann. Rheum. Dis., 58,
214–219, https://doi.org/10.1136/ard.58.4.214, 1999.

Wouthuyzen-Bakker, M., Sebillotte, M., Lomas, J., Taylor, A., Palo-
mares, E. B., Murillo, O., Parvizi, J., Shohat, N., Reinoso, J. C.,
Sánchez, R. E., Fernandez-Sampedro, M., Senneville, E., Huo-
tari, K., Barbero, J. M., Garcia-Cañete, J., Lora-Tamayo, J., Fer-
rari, M. C., Vaznaisiene, D., Yusuf, E., Aboltins, C., Trebse, R.,
Salles, M. J., Benito, N., Vila, A., Toro, M. D. D., Kramer, T.
S., Petersdorf, S., Diaz-Brito, V., Tufan, Z. K., Sanchez, M.,
Arvieux, C., and Soriano, A.: Clinical outcome and risk fac-
tors for failure in late acute prosthetic joint infections treated
with debridement and implant retention, J. Infect., 78, 40–47,
https://doi.org/10.1016/j.jinf.2018.07.014, 2019.

Yagupsky, P.: The Past, Present, and Future of Kingella kingae De-
tection in Pediatric Osteoarthritis, Diagnostics (Basel), 12, 2932,
https://doi.org/10.3390/diagnostics12122932, 2022.

Zimmerli, W., Trampuz, A., and Ochsner, P. E.: Prosthetic-
joint infections, N. Engl. J. Med., 351, 1645–1654,
https://doi.org/10.1056/NEJMra040181, 2004.

https://doi.org/10.5194/jbji-9-87-2024 J. Bone Joint Infect., 9, 87–97, 2024

https://doi.org/10.1007/s10096-022-04538-w
https://doi.org/10.5194/jbji-8-45-2023
https://doi.org/10.1007/s15010-020-01540-2
https://doi.org/10.1007/s00259-019-4263-9
https://doi.org/10.1111/j.1469-0691.2006.01366.x
https://doi.org/10.1111/j.1469-0691.2006.01366.x
https://doi.org/10.3109/00365540903186207
https://doi.org/10.1128/cmr.00111-13
https://doi.org/10.1136/ard.58.4.214
https://doi.org/10.1016/j.jinf.2018.07.014
https://doi.org/10.3390/diagnostics12122932
https://doi.org/10.1056/NEJMra040181

	Abstract
	Introduction
	Materials and methods
	Results
	Native joint infection microorganism distribution
	Overall agreement between synovial fluid cultures and JI Panel results at specimen level
	Comparison of microorganism and resistance marker detections obtained by synovial fluid cultures and JI Panel

	Prosthetic joint infection microorganism distribution
	Overall agreement between synovial fluid cultures and JI Panel results at specimen level
	Comparison of microorganism and resistance marker detections obtained by synovial fluid cultures and JI Panel

	User experience

	Conclusions
	Data availability
	Supplement
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Acknowledgements
	Review statement
	References

