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Abstract. Fracture-related infections (FRIs) and periprosthetic joint infections (PJIs) occur in nearly 2 % of
patients with orthopaedic devices, contributing to significant morbidity and mortality. Effective microbiological
diagnosis of these infections remains challenging, with the homogenisation of bone/tissue biopsies recognised
as the most reliable pre-analytical procedure.

This prospective study compared the inoculation of homogenised samples into a BacT/ALERT
®

VIRTUO
®

system using FA and FN PLUS blood culture bottles (BCBs) with inoculation into conventional Wilkins–
Chalgren broth. Bone and tissue samples collected during surgery for suspected or confirmed FRIs or PJIs were
homogenised with saline and glass beads. The resulting suspension was inoculated into BCBs (14 d incubation)
or into Wilkins–Chalgren broth (10 d incubation).

Among the 59 patients included, cultures remained negative in 19 cases, whereas both methods successfully
identified all pathogens in 28 patients. Although sensitivity was similar between the two methods (85 % for BCB
vs. 80 % for the conventional method; p = 0.77), the BCB method demonstrated significantly higher specificity
(93 % vs. 56 %; p = 0.0001). The BCB method yielded much faster results, with 80 % of cultures turning pos-
itive within the first 2 d of incubation (median of 24.5 h). In contrast only 16 % of cultures processed with the
conventional method were positive within the same time frame (median of 69.0 h; p = 0.03). For Cutibacterium
acnes, a minimum incubation period of 14 d was necessary with the BCB method to ensure accurate detection.

This prospective study demonstrated an enhanced method for culturing bone and tissue biopsies from pa-
tients with FRIs or PJIs using the BacT/ALERT

®
VIRTUO

®
system, resulting in improved specificity and the

significantly faster detection of pathogenic microorganisms.
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1 Introduction

In 2019, an estimated 178 million fractures occurred world-
wide. The burden of fracture-related infection (FRI) becomes
apparent when considering that approximately 1 %–2 % of
all closed fracture fixations and up to 30 % of complex open
tibial fractures worldwide develop an infection (Metsemak-
ers et al., 2024; Boxma et al., 1996; Papakostidis et al., 2011).
Periprosthetic joint infections (PJIs) occur in nearly 2 % of
joint replacements. This number is expected to increase be-
cause of an estimated global growth in prosthetic joint re-
placements (Vasoo, 2018). Orthopaedic-device-related infec-
tions (ODRIs) not only account for major morbidity and mor-
tality, but the socioeconomic burden of these complications
is also enormous (Darouiche, 2004; Moriarty et al., 2022).

Despite advancements in modern microbiological culture
techniques, 5 %–34 % of PJIs remain culture-negative (Tande
and Patel, 2014; Berbari et al., 2007). For FRIs, studies report
culture negativity ranging from 6.1 % up to 43 % using con-
ventional tissue culture techniques (Yano et al., 2014; Kuehl
et al., 2019). Most clinical microbiology laboratory methods
are based on culturing bacteria on agar plates and in enrich-
ment broth.

These methods are labour-intensive, involve sub-culturing
and require daily inspection of enrichment broth (Sanabria
et al., 2019; Minassian et al., 2014; Redanz et al., 2015).
This may include some subjectivity, as it is arbitrary whether
to consider a broth cloudy. Semi-automated methods of-
fer objective, easier and faster alternatives. Previous stud-
ies have demonstrated the added value of inoculating tissue
into blood culture bottles (BCBs) with automated growth
detection. This approach has even enabled the earlier de-
tection of slow-growing organisms, highlighting its effec-
tiveness in improving diagnostic timelines (Minassian et al.,
2014; Sanabria et al., 2019; van den Bijllaardt et al., 2019;
Tarabichi et al., 2018; Roux et al., 2011). Homogenisation
has been recognised as the most effective pre-analytical pro-
cedure for biopsy samples. This can be done using a bead
mill or stomacher or using glass beads. The National Health
Service of England proposes the use of glass beads in their
“Investigation of orthopaedic implant associated infections”
protocol.

The aim of this study is to compare the effectiveness of
homogenisation combined with inoculation in BCBs against
homogenisation and inoculation in conventional Wilkins–
Chalgren broth. Unlike previous studies, which have primar-
ily focused on tissue samples, our research includes both
bone and tissue samples from patients with FRIs, offering
a more comprehensive analysis. Another important differ-
ence from PJIs is the higher prevalence of anaerobes (16 % in
FRIs vs. 0.5 %–13 % in PJIs) as well as the greater frequency
of polymicrobial infections and Gram-negative bacilli (De-
pypere et al., 2022; Aggarwal et al., 2014).

The primary objective of this work is to evaluate the sen-
sitivity of both culture methods based on the European Bone

and Joint Infection Society (EBJIS) definition of PJI and the
consensus definition of FRI (McNally et al., 2021; Metse-
makers et al., 2018). Secondary objectives include the assess-
ment of the specificity of the culture methods by identifying
contaminant growth, analysing the time to positivity (TTP)
for both methods, determining the optimal incubation period
for blood culture bottles (BCBs), and comparing the TTP be-
tween tissue samples and bone biopsies.

2 Material and methods

2.1 Study design

Patients admitted to the University Hospitals Leuven (Bel-
gium) from 1 November 2023 to 6 August 2024 for revi-
sion surgery for either presumed aseptic failure or with sus-
pected or proven infection were included. Demographic and
clinical data were collected from patients’ electronic medical
records. Patients younger than 18 years were excluded.

2.2 Microbiological methods

A minimum of three biopsies were individually placed in a
container with 5 mL of saline and 12 glass beads (Equine and
Ovin laboratories). In the laboratory, samples were processed
in a class II safety cabinet using the aseptic technique.

The containers were vortexed for 15 s (40 Hz). From the
homogenised suspension, 1.5 mL was inoculated into Bac-
T/ALERT FA and FN PLUS (bioMérieux, Marcy l’Etoile,
France) bottles for a 14 d culture period in a BacT/ALERT

®

VIRTUO
®

microbial detection system (bioMérieux, Marcy
l’Etoile, France), while the remaining suspension (2 mL),
along with the rest of the biopsy, was inoculated into conven-
tional Wilkins–Chalgren broth (Oxoid) for a 10 d culture pe-
riod, with sub-culturing upon cloudiness or at the end of the
incubation period (terminal sub-culture). The culture process
included plating the medium onto agar plates. Terminal sub-
cultures were performed on chocolate (CHOC) agar under
both aerobic and anaerobic conditions. BCBs were only sub-
cultured if they were flagged as positive by the VIRTUO®

instrument, with no terminal sub-culture conducted. Once
flagged positive, the BCBs were not re-incubated.

Culture results were compared to the gold standards for
PJI or non-PJI, according to EBJIS definition, and for FRI
or non-FRI, according to the FRI consensus definition (see
Tables S1 and S2 in the Supplement respectively). Growth
of low-virulence microorganisms was considered relevant
(i.e. pathogenic) if identical microorganisms with similar an-
timicrobial susceptibility testing were isolated from at least
two biopsies. Growth of a virulent microorganism was con-
sidered relevant when isolated from one or more culture me-
dia.

The following cultured microorganisms were consid-
ered virulent: Staphylococcus aureus, Staphylococcus lug-
dunensis, enterococci, β-haemolytic streptococci, Strepto-
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coccus anginosus group, Streptococcus bovis group and aer-
obic Gram-negative bacilli. Other cultured microorganisms
(e.g. S. epidermidis) were considered to be low-virulence
pathogens. If there was growth of one low-virulence microor-
ganism, the decision of the multidisciplinary team involved
in the patient care, considering the clinical context and cy-
tology, counted as the final diagnosis. Growth results from
both aerobic and anaerobic culture bottles from one biopsy
with the same pathogen were considered one positive culture
result.

2.3 Statistical analysis

Descriptive statistics for categorical variables are presented
as counts and percentages, whereas continuous variables are
summarised using medians and interquartile ranges (IQRs,
p25–p75). Differences between the FRI and PJI groups were
assessed using a two-tailed t test for continuous variables and
a chi-squared test for categorical variables. Differences be-
tween the methods (sensitivity and specificity) were calcu-
lated and compared using McNemar’s test for paired propor-
tions. Differences in TTP were calculated using a two-tailed
Mann–Whitney U test. A p value of less than 0.05 was con-
sidered statistically significant.

3 Results

3.1 Patient characteristics

A total of 59 patients were included, comprising 42 suspected
cases of FRI and 17 suspected cases of PJI (Table 1). In to-
tal, 227 samples were collected, including 132 tissue sam-
ples and 95 bone samples. Among these, 15 patients with
osteosynthesis and 4 patients with prosthesis were ultimately
classified as non-infectious. A detailed overview of all of the
included samples can be found in Table S3.

In patients with prosthesis, almost exclusively tissue
(mean of 5) samples were taken, whereas in the osteosyn-
thesis group, an equal number of tissue (mean of 2.5)
and bone (mean of 3) samples were collected. In patients
with suspected FRI, the tibia was the most frequently af-
fected anatomical site (35.7 %), whereas the hip was the sole
anatomical site affected in patients with suspected PJI. The
time from trauma to infection onset was notably shorter in
the osteosynthesis group (240 d) compared to the prosthesis
group (730 d; p = 0.06; Table 1).

3.2 Detection of microorganisms

Of the 59 patients included, 19 (32 %) cultures remained neg-
ative. In 28 patients (47 %), both methods successfully de-
tected all causative pathogens, with S. epidermidis and S.
aureus being the predominant pathogens (Fig. 1). The con-
ventional method failed to recover pathogens in seven cases
(12 %). In comparison, the BCB method missed pathogens in

five cases (8 %; Table 2). However, the BCB method demon-
strated slightly higher sensitivity (85 % vs. 80 %; p = 0.77).
Table S4 gives an overview of all positive samples with at
least one method). When considering only FRIs, the conven-
tional method showed a somewhat higher sensitivity (96 %
vs. 89 %), although this difference was not statistically sig-
nificant (p = 0.6171).

One FRI case in which the conventional method failed to
identify all pathogens involved a polymicrobial culture con-
taining multiple anaerobic bacteria. Two additional FRI cases
with discrepancies also involved polymicrobial infections:
in the first case, the conventional method failed to detect
P. aeruginosa alongside S. epidermidis; in the second case,
there was only growth of C. metapsilosis but no growth of S.
epidermidis using the conventional method. In a separate PJI
case, the BCB method detected S. capitis, which was missed
by the conventional method. Another PJI patient had E. coli
identified in all samples using the BCB method, whereas no
growth was observed with the conventional method. Addi-
tionally, in one FRI case, S. epidermidis was correctly iden-
tified as the causative pathogen, but the conventional method
detected it in only a single sample, which would have been
considered negative without confirmation from the two posi-
tive BCB samples. The patient’s symptoms were compatible
with a low-grade infection (e.g. pain, non-union and an ele-
vated C-reactive protein value of 18 mg L−1).

For microorganisms detected with the conventional
method but missed by the BCB method, one patient tested
positive for S. aureus using the conventional approach, al-
though only one of six collected samples was positive. An-
other discrepancy involved a patient for which S. epidermidis
was missed by the BCB method.

In the specific context of the slow-growing C. acnes
pathogen, the BCB method identified it in one case that
the conventional method missed. However, the conventional
method detected C. acnes in three cases where the BCB
method failed.

To assess specificity, the frequency of at least one contam-
inant per patient was evaluated. No contamination was ob-
served in 28 patients, while contamination was detected us-
ing both methods in seven cases. The BCB method showed
contamination in two cultures (3 %) that were not contam-
inated using the conventional method. However, the con-
ventional method yielded contamination in 22 cases (37 %),
while no contaminants were detected with the BCB method
(Table 3). It appears that the specificity of the new method
is clearly superior to that of the conventional method (p <
0.001). Focusing solely on patients diagnosed with FRIs, the
BCB method again demonstrated superiority, with a speci-
ficity of 96 % compared to 69 % for the conventional method
(p = 0.0033).
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Table 1. Baseline patient characteristics.

Patient characteristics

Osteosynthesis group Prosthesis group p value
n= 42 (%) n= 17 (%)

Sex

Male 28 12 0.77

Age (years), median (p25–p75) 56 (44–64) 70 (57–79) < 0.001∗

Number of samples per patient

Tissue samples, median (p25–p75) 2.5 (0–5) 5 (4–7) < 0.001∗

Bone samples, median (p25–p75) 3 (3–3) 0 (0–1) 0.001∗

Anatomical localisation

Humerus 6 (14.3)
Clavicula 1 (2.4)
Radius/ulna 1 (2.4)
Femur 6 (14.3)
Tibia 15 (35.7)
Fibula 4 (9.5)
Femur and tibia 1 (2.4)
Fibula and tibia 5 (11.9)
Olecranon 2 (4.8)
Calcaneus 1 (2.4)
Hip 17 (100)
Knee 0 (0)
Shoulder 0 (0)

Fracture type

Open GA grade 1 2 (4.8)
Open GA grade 2 4 (9.5)
Open GA grade 3A 2 (4.8)
Open GA grade 3B 1 (2.4)
Unknown 2 (4.8)
Closed 31 (73.8)

Time since trauma (days), median (p25–p75) 240 (40–670) 730 (50–3420) 0.06

Fracture healing status

Healed 21 (50.0)
Unhealed/non-union 21 (50.0)

Clinical presentation

Fistula 6 (14.3) 0 (0) 0.37
Sinus 0 (0) 0 (0)
Wound breakdown 9 (21.4) 1 (5.9) 0.15
Purulent drainage/pus 7 (16.7) 0 (0) 0.27
Clinical signs (rubor, tumour, dolour, calour, fever) 34 (81.0) 15 (88.2) 0.5
New-onset joint effusion 2 (4.8) 2 (11.8) 0.33
Wound drainage 13 (31.0)

Identified pathogens by culture confirmation 26 (61.9) 12 (70.6) 0.53

Identified pathogens by culture suggestion (infection likely) 1 (2.4) 1 (5.9) 0.5

Evaluated as non-infectious 15 (35.7) 4 (23.5) 0.36

Antibiotic treatment < 2 weeks before sampling 5 (11.9) 2 (11.8) 0.99
Monomicrobial culture 21 (50.0) 13 (76.5) 0.06
Polymicrobial culture 6 (14.3) 0 (0) 0.37
∗ Statistically significant at p< 0.05. Blank cells indicate items that are not applicable.
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Figure 1. Microorganisms and the time to detection using the blood culture bottle method (a) and the conventional method (b).

Table 2. Comparison of pathogen detection using the blood culture bottle (BCB) and the conventional method.

Pathogen identified BCB positive BCB negative Total

Conventional method positive 28 5 33
Conventional method negative 7 19 26

Total 35 24 59

3.3 Time to positivity

For the analysis of the TTP, contaminants were excluded.
Using the BCB method, 80 % (29 of 36) of the cultures be-
came positive within the first 2 d of incubation (median of
24.5 h, p25–p75 of 22–42). In contrast, only 16 % (6 of 37)
of cultures processed with conventional method were posi-
tive within the same period (median of 69.0 h, p25–p75 of
65.0–94.5). It took 4 d for 80 % of the conventional method
cultures to show positivity, constituting a statistically signif-
icant difference (p = 0.03; Fig. 1).

Further analysis of bacterial detection times with the BCB
method revealed that aerobic bacteria became positive within
up to 10 d of incubation, while anaerobic, slow-growing bac-
teria required up to 14 d. For the conventional method, most
anaerobic, slow-growing pathogens were detected between
days 7 and 8 of incubation (Fig. 1).

In the subgroup of patients with FRIs, comparable find-
ings were noted. The BCB method had a median TTP of 25 h
(p25–p75 of 22.4–34.5), whereas the conventional method
showed a significantly longer median TTP of 67.5 h (p25–
p75 of 57.0–94.0), although this difference narrowly failed to
reach statistical significance (p = 0.08). Within the first 2 d,
79 % of the cultures became positive with the BCB method,
while the conventional method showed a markedly poorer
performance, with only 15 % positivity within the same time
frame.

A sub-analysis on both patients with FRIs and PJIs was
conducted to compare TTP for tissue and bone samples using

both methods. The BCB method yielded 168 positive sam-
ples (61 bone and 107 tissue), while the conventional method
yielded 126 positive samples (55 bone and 71 tissue). As
the conventional method has already been shown to take sig-
nificantly longer to achieve positivity, comparisons between
sample types were made only within each method. For the
new method, bone samples had a median TTP of 32 h, while
tissue samples had a median TTP of 27 h. Similarly, with the
conventional method, only a small difference was observed
between the two sample types. Bone samples tested positive
after a median of 71.5 h, whereas tissue samples tested posi-
tive after a median of 70 h. Both differences were not statis-
tically significant (Table 4).

4 Discussion

Recent advances in microbiological diagnostics, including
sonication and homogenisation techniques, have improved
bacterial yield. While the IDSA (Infectious Diseases Society
of America) guidelines of 2013 called for further research on
bead mill processing and homogenisation, more recent stud-
ies have confirmed their added value (Osmon et al., 2013;
Redanz et al., 2015; Suren et al., 2017). Another promising
approach is direct inoculation into BCBs, which we evalu-
ated for homogenised bone and tissue biopsies from FRI and
PJI patients. Despite evidence supporting BCB use, previ-
ous studies excluded bone samples from FRI patients, limit-
ing direct comparisons (Roux et al., 2011; Fang et al., 2021;
Sanabria et al., 2019; Minassian et al., 2014).

https://doi.org/10.5194/jbji-10-317-2025 J. Bone Joint Infect., 10, 317–326, 2025
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Table 3. Contamination rates for the blood culture bottle (BCB) method vs. the conventional method.

Contamination rate BCB – growth BCB – no growth Total
of contaminant of contaminant

Conventional method – growth of contaminant 7 22 29
Conventional method – no growth of contaminant 2 28 30

Total 9 50 59

Table 4. Comparison of bone and tissue samples analysed with both the blood culture bottle (BCB) method and the conventional method
(CM) and the time to positivity (TTP).

BCB CM

Bone Tissue Bone Tissue

No. of samples (without contaminants) 61 107 55 71
TTP, median (hours) 32.0 27.0 71.5 70
TTP, IQR1 (hours) 22.0 22.3 51.8 65
TTP, IQR3 (hours) 48.0 51.0 96 138
p value 0.63 0.73

Methodological variations further complicate assess-
ments; for instance, one study used only paediatric bot-
tles, restricting anaerobic growth, while another added horse
blood, per manufacturer guidelines, to enhance fastidious
organism recovery. Given the rarity of these pathogens in
FRIs/PJIs and the contamination risk, we opted against this
(Birdsall et al., 2021; Sanabria et al., 2019; Minassian et al.,
2014; Hughes et al., 2011; Dudareva et al., 2018; van den
Bijllaardt et al., 2019; Peel et al., 2016). Choosing the right
anaerobic bottles is also crucial.

BacT/ALERT
®

SN bottles (bioMérieux, Marcy l’Etoile,
France) support anaerobic growth but lack antibiotic-
absorbing resins, unlike FN PLUS bottles (bioMérieux,
Marcy l’Etoile, France) that improve recovery of Bac-
teroides, Clostridium and Prevotella species and benefit pa-
tients pre-treated with antibiotics (Lee et al., 2013).

While one study found higher C. acnes recovery with SN
bottles, we use the VIRTUO® (bioMérieux, Marcy l’Etoile,
France) incubation system and focus on FRIs, where anaer-
obes (excluding C. acnes) are more prevalent than in PJIs
(Jeverica et al., 2020; Kuehl et al., 2019; Tande and Patel,
2014; Trampuz and Zimmerli, 2006; Trampuz et al., 2005).
Thus, FN PLUS bottles were chosen for our study.

4.1 Microbiological detection

The primary objective of this study was to compare the sensi-
tivity of the blood culture bottle method and the conventional
culture method. No significant difference was observed be-
tween the two methods, aligning with previous research that
reported comparable or superior specificity for the BCB sys-
tem (Bemer et al., 2016; Sanabria et al., 2019; Hughes et al.,
2011; Peel et al., 2016; Birdsall et al., 2021; Velay et al.,

2010). As patients with PJIs cannot be directly compared to
those with FRIs due to the higher prevalence of polymicro-
bial cultures and anaerobic mixed flora in FRIs, this study
specifically focused on the subpopulation of patients with
FRIs. Within this subgroup of FRI patients, similar results
were observed. The lack of superiority in this study may be
attributed to the use of enrichment media and terminal sub-
culturing for all samples in the conventional method.

Pathogenic microorganisms were missed in five patients
with the BCB method and seven patients with the conven-
tional method, consistent with findings by Peel et al. (2016).
In one case where the conventional method failed to detect E.
coli, the patient had received preoperative antibiotics, high-
lighting the BCB system’s advantage of using resin-coated
bottles to neutralise antibiotics. Additionally, polymicrobial
cultures were identified in six patients, with the BCB method
detecting a greater number of microorganisms, particularly
anaerobic pathogens, in one case. Further research is needed
to clarify whether the FN PLUS bottle outperforms the SN
bottle with respect to detecting anaerobic pathogens other
than C. acnes.

C. acnes is a slow-growing organism associated with PJI
of the shoulder and the hip (Shah et al., 2015; Hedlundh
et al., 2021). Due to its minimal CO2 production, it often
produces a delayed positive signal in blood culture systems,
for which a longer incubation time could be necessary (Jev-
erica et al., 2020; Achermann et al., 2014). When looking
at this pathogen, it was missed once with the conventional
method, whereas it was missed three times with the BCB
method. This could potentially be attributed to the type of
BCB used, although the microorganism was successfully de-
tected in three patients.
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As a secondary end point, the study evaluated the speci-
ficity of both methods. The BCB method demonstrated a sig-
nificantly lower contamination rate compared to the conven-
tional method. This observation was confirmed in the sub-
group of patients with FRIs, where the BCB method also
demonstrated markedly higher specificity. This advantage is
likely due to the reduced sample handling in the closed BCB
system, which reduces the risk of contaminating the sample
during the laboratory work-up. A lower contamination rate
simplifies culture interpretation and minimises the need for
multidisciplinary discussions about infection status.

4.2 Time to positivity

The BCB method outperformed the conventional method in
terms of the TTP, leveraging the BacT/ALERT

®
VIRTUO

®

Microbial Detection System (bioMérieux, Marcy l’Etoile,
France) which is known to allow faster detection of micro-
bial growth (She et al., 2018). In this study, the TTP was
defined as the time from laboratory reception until pathogen
identification was available to the treating physician, a criti-
cal metric for guiding antibiotic therapy.

While the TTP for the BCB method was significantly
shorter than for the conventional method, our observed TTP
values were slightly longer than those reported in some stud-
ies, which measured time to signal detection rather than
pathogen identification. For the BCB method, over 70 % of
bacteria were detected within the first 18 h of incubation in
other studies, whereas our findings demonstrated significant
improvements compared to the conventional method despite
a longer TTP (Sanabria et al., 2019; Bemer et al., 2016). The
BCB method’s faster TTP clearly offers an advantage for
timely antibiotic management. To date, no studies have re-
ported the TTP in patients with FRIs. Consistent with earlier
findings for PJIs, our results indicate that the TTP is con-
siderably reduced when bone and tissue biopsies of patient
with FRIs are inoculated into BCBs. Although this differ-
ence did not reach statistical significance, a clear trend to-
ward a shorter TTP with the BCB method was observed. This
lack of significance is likely attributable to the limited sam-
ple size in the FRI patient group, which was constrained by
the mandatory exclusion of both negative and contaminated
samples for this sub-analysis.

The appropriate incubation period for recovery of anaer-
obes remains a topic of debate. While some studies sug-
gest that shorter durations may suffice (Rieber et al., 2018),
the detection of C. acnes often requires longer incubation
(8.7 d) (Sanabria et al., 2019). Our findings showed that C.
acnes was detected after 11–14 d of incubation with the BCB
method, supporting a minimum 14 d incubation period. This
recommendation aligns with prior studies using conventional
methods (Butler-Wu et al., 2011; Schafer et al., 2008). How-
ever, extended incubation periods should be critically as-
sessed, as delayed positivity could be associated with con-
tamination. In our patient cohort, one C. acnes infection was

missed by the BCB method but was successfully identified
through sonication culture, a technique routinely performed
in our laboratory. Peel et al. (2016) demonstrated that, while
longer incubation increases contamination risk, a 14 d period
remains a reasonable balance for detecting slow-growing
pathogens.

4.3 Limitations

This study has some limitations. First, it was conducted on
a small scale and within a single centre. Not all bacteria
that are challenging to culture were detected (e.g. H. influen-
zae and S. pneumoniae), limiting our ability to draw conclu-
sions regarding these organisms. Additionally, only a small
number of anaerobic bacteria were detected, providing lim-
ited evidence in this area. Nevertheless, the BCB method
demonstrated the ability to detect more anaerobic bacteria
in polymicrobial cultures.

A second limitation is that the available 5 mL sample had
to be divided between the two methods, with 1.5 mL allo-
cated to each BCB and approximately 2 mL to the conven-
tional method. In routine practice, a higher volume can be
inoculated into the BCBs, which would likely enhance both
the sensitivity and the TTP of this method.

A third limitation is that the incubation time for the BCB
method was longer than that of the conventional method.
However, terminal sub-culturing was performed for the con-
ventional method.

5 Conclusions

In conclusion, our prospective study demonstrated an en-
hanced method for culturing bone and tissue biopsies from
patients with FRIs or PJIs using an automated BCB system,
resulting in improved specificity and significantly faster de-
tection of pathogens. This approach can facilitate earlier op-
timal patient treatment. To ensure the detection of all anaer-
obic bacteria, an incubation period of 14 d is required when
using FN PLUS bottles.

Code availability. All of the data analyses and processing were
performed using commercially available and widely used software
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Data availability. The underlying research data are not publicly
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providing public access to the raw data is not necessary.
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