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Prolonging culture to 15 days improves bacterial detection in bone
and joint infections
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Abstract Since the optimal incubation period of cultures for
diagnosis of bone and joint infections is still a matter of de-
bate, the present study aimed to evaluate the effects of differ-
ent incubation periods (5 and 15 days) on microbial isolation.
Samples from 387 patients with bone and joint infections (in-
cluding prosthetic ones) were analyzed from March 2012 to
February 2014. In 197 patients (51 %) growth was obtained
within 48 hrs, while in 124 (32 %) and 66 (17 %) patients
cultures yielded positive results within and after 5 days of
incubation, respectively. Of 449 microorganisms isolated,
247 grew within 48 hrs, 131 within the first 5 days of incuba-
tion while 71 were isolated after 5 days. Staphylococcus
aureus was the most frequently isolated pathogen within
48 hrs, while Propionibacteria were prevalently isolated after
5 days of incubation. Interestingly, about 25% of microorgan-
isms isolated after 5 days of incubation were coagulase-
negative staphylococci. Extending incubation period of broth
cultures improves isolation rates of pathogens involved in
bone and joint infections thus improving management of these
infections.

Introduction

Bone-joint infections are associated with difficult clinical and
surgical management, severe complications, long hospital stay
and high costs to society [1].

The cornerstone of the diagnosis of bone or joint infections
is the identification of a microorganism from a bone, a
contiguous anatomical structure or from a blood culture.
Diagnosis of osteo-articular infections, particularly of
the prosthetic ones (PJIs), is still a challenge for clini-
cians and microbiologists, although several improve-
ments in their detection have been introduced in the
recent past. Overall, cultures from bones, soft tissue
biopsies, prosthetic components, subperiosteal exudates
or joint fluids provide a microbiological diagnosis in
only 30–80 % of cases [2]. Molecular methods may
shorten the time needed for an etiological diagnosis
[3], nevertheless a limit is that specific assays are not
available for all microorganisms, especially in late in-
fections. Nonetheless, culture methods are indispensable
because they allow the determination of antibiotic sus-
ceptibility [4].

A variety of culture incubation periods have been reported
in the literature. Typically, the majority of bacterial cultures of
tissues and fluids obtained from sterile sites are incubated for
5 days or less [5, 6]. Antimicrobial therapy before sampling,
slow and fastidious growth of microorganisms and
changes in metabolism due to growth in biofilm are
among the reasons for a high rate of false negative
results of culture [3]. Therefore, a number of studies
have demonstrated the importance of extending culture
incubation beyond one week [7–9].

The aim of the present study was to evaluate if prolonging
samples' incubation from 5 to 15 days may contribute to in-
creased rate of microbial isolation.
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Methods

Sample collection and analysis

Samples (prostheses, tissue specimens, synovial fluids) were
taken as part of standard care and sent to the Laboratory of
Clinical Chemistry and Microbiology of IRCCS Galeazzi
Orthopaedic Institute of Milan, Italy, from March 2012 to
February 2014. The study was approved by the Ethics
Committee of the Institute and was performed in accordance
with the Helsinki Declaration. Written consent was obtained
by all patients before enrolment into the study.

Prostheses were considered infected if the same pathogen
was isolated by cultures from at least two separate samples
obtained from the affected prosthetic joint [10, 11].

Tissue samples and prosthetic implants were aseptically
collected in the operating theatre and put in plastic sterile
containers with no transport media. Synovial fluid (at least
1 mL) was obtained through intraoperative aspiration and col-
lected in sterile tubes. For each patient, 3–7 samples were
collected.

Prostheses were processed by sonication until the introduc-
tion of treatment with dithiothreitol (DTT) in routine microbi-
ological diagnosis in February 2013 [12]. Sonication was per-
formed as described by others [13]. The sonicated fluid was
accurately resuspended, collected in sterile tubes and centri-
fuged at 3000 rpm for 10 minutes at 4 °C. DTT treatment was
carried out as previously described [13]. Synovial fluid was
centrifuged at 3500 rpm for 10 minutes at 4 °C. Tissue spec-
imens were washed with phosphate buffered saline (PBS),
stirred with an orbital shaker for 10 minutes and then centri-
fuged at 3000 rpm for 10 minutes at 4 °C. The pellet obtained
after centrifugation of all samples (sonicated or DTT-treated
implants, tissues and synovial fluids) was resuspended in a
volume of about 1.5 mL.

One hundred microliters from each sample were plated
onto Chocolate Agar (CA), McConkey Agar (MC),
Mannitol Salt Agar (MSA), Sabouraud Agar (SAB), Brain
Heart Infusion Broth (BHI) (BioMerieux, Marcy L'Etoile,
France) and Thioglycollate Broth (TH) (Oxoid, Milan,
Italy). CA was incubated at 37 °C for 24 hours in 10 % CO2

enriched atmosphere, MC at 37 °C for 24 hours, MSA and
SAB at 37 °C for 48 hours, while BHI and TH were incubated
for 15 days at 37 °C and daily controlled for microbial growth.
Aliquots from broths showing visible turbidity were plated on
Blood Agar (BA) and, in the case of TH, also on Schaedler
Blood Agar (SBA) (BioMerieux). BAwas incubated at 37 °C
for 24 hours in 10 % CO2 enriched atmosphere, while SBA
was incubated in anaerobiosis at 37 °C for 48–72 hours.
On the 15th day each broth was vortexed for 30 seconds
and 100 μL were plated on BA and SBA plates.
Identification of the isolates was carried out by Vitek2
Compact (BioMerieux).

Comparison of 5 days incubation between chocolate agar
plates and broths

To compare prolonged incubation of agar plates with that of
broths, in a parallel arm of the study, samples from 250 pa-
tients were plated on CA and inoculated in BHI and TH
broths. CA plates were incubated for 5 days at 37 °C in
10 % enriched atmosphere while broths were maintained for
15 days at 37 °C in aerobiosis. Plates and broths were daily
checked for microbial growth. Broths were plated on BA
plates in case of turbidity and after 5 and 15 days of
incubation.

Results

Prolonged incubation of broths

Samples collected from 1,039 patients (mean age±SD: 63.9±
15.6 years, range 24–82 years; 628 females and 411 males;
810 with suspected PJI and 229 with suspected osteomyelitis)
were analyzed. In 652 patients (62.8 %) no microbial growth
was observed, while samples from the remaining 387 (37.2 %;
291 with suspected PJI and 96 with chronic/acute osteomye-
litis) yielded positive cultures. These latter were retrospective-
ly analyzed: in 197 patients (51 %) growth was obtained both
on agar plates and in broth subcultures, while 124 (32 %) and
66 (17 %) patients had positive broths within and after 5 days
of incubation, respectively, without differences between 5 and
15 days of incubation. Positive cultures obtained from agar
plates, 5 days of broth incubation and more than 5 days of
broth incubation were 21.6, 68.4 and 9.5 % for prostheses,
23.5, 67.4 and 9.1 % for biopsies and 20.8, 67.4 and 11.3 %
for synovial fluids, respectively.

On the whole, 449 microorganisms were isolated: 247
(55 %) grew on agar plates, 131 (29.2 %) were obtained from
broths in the first 5 days of incubation while 71 (15.8 %) were
isolated when incubation lasted more than 5 days. Sixty-two
patients (16 %) presented a polymicrobial infection.

All the microorganisms isolated are listed in Table 1: the
species most frequently isolated was S. aureus (25.7 %),
which in most cases grew on agar plates (82.8 % vs 13.8 %
within 5 days and 3.4 % after 5 days). Propionibacterium
acnes (32.4 %) was the microorganismmostly identified from
broths after 5 days of incubation; it was isolated in 23 (92 %)
patients after 5 days and only in two (8 %) within 5 days of
incubation. Also coagulase-negative staphylococci (CoNS)
other than S. epidermidis were often isolated after 5 days
(18.3 %), while S. epidermidis was more frequently isolated
within 5 days of incubation (39.7 %).

Other bacteria that were found almost exclusively after
5 days of enrichment were Lactococcus spp., Granulicatella
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spp., Sphingomonas paucimobilis, Actinomyces spp. and
corynebacteria.

Comparison between 5 days incubation of solid media
and enrichment broths

Results obtained from agar plates and broths after 5 days in-
cubation are reported in Table 2. Concordance between agar
plates and broths was obtained in 186/250 patients (74.4 %):
in 29 (11.6 %) cases microbial growth was observed for both
plates and broths, while for the remaining 157 patients,

samples did not yield microbial growth. Discordant results
were observed for samples from 64 patients. In 14 of them,
growth on solid media was not followed by that in broths;
bacteria isolated were CoNS and propionibacteria, and these
microorganisms were considered contaminants in most cases,
because they grew only from one of multiple samples.
Moreover, these patients did not show any other clinical sign
suggestive of infection. Instead, in the remaining 50 patients
only broths became positive. For these patients, we considered
number and type (prosthesis, tissue or synovial fluid) of spec-
imen, pre-operative C-reactive protein and erythrocytes sedi-
mentation rate values and clinical signs to determine if they
were suggestive for infection or for merely contamination,
according to common definition of prosthetic infection [11],
whereby 41 of them (82 %) met these criteria.

Discussion

Apart from the notable technical improvement of recent years
with development of methods able to dislodge microorgan-
isms from biofilms, the optimal period of culturing samples

Table 1 Microorganisms
isolated from patients with bone-
joint infections

Microorganism Total (n) Agar plates Within 5 days After 5 days

n % n % n %

S. aureus 116 96 82.8 16 13.8 4 3.4

S. epidermidis 77 20 26 52 67.5 5 6.5

Other CoNS 60 17 28.3 30 50 13 21.6

Streptococci 26 18 69.2 6 23.1 2 7.7

Enterococci 26 18 69.2 7 26.9 1 3.9

Pseudomonas spp 25 20 80 4 16 1 4

E. coli 13 13 100 – – – –

Other Enterobacteria 26 21 80.8 5 19.2 – –

Acinetobacter spp 11 10 90.9 – – 1 9.1

Corynebacterium spp 9 1 – 3 – 5 –

Bacillus spp 6 1 – 2 – 3 –

Sphingomonas paucimobilis 4 – – 1 – 3 –

Candida spp 5 5 – – – – –

Ralstonia pickettii 2 – – 1 – 1 –

Micrococcus spp 2 – – – – 2 –

S. maltophilia 2 2 – – – – –

Granulicatella spp 2 – – – – 2 –

Aerococcus viridans 2 1 – 1 – – –

Lactococcus spp 1 – – – – 1 –

Arcanobacterium spp 1 – – – – 1 –

Moraxella spp 1 – – 1 – – –

Pasteurella spp 1 1 – – – – –

P. acnes 25 – – 2 8 23 92

Actinomyces 4 1 – – – 3 –

Total 449 247 55 131 29.2 71 15.8

Table 2 Comparison between results obtained after 5 days incubation
of solid media and broths

Solid media Broths Number (n) Percent (%)

Negative Negative 157 62.8

Positive Negative 14 5.6

Negative Positive 50 20

Positive Positive 29 11.6
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for diagnosis of bone and joint infections is still a matter of
debate.

Generally, standard culture techniques contemplate a short
period of broth incubation (5 days) or prolonged incubation of
agar plates, which may not meet the requirements for reliable
identification of slowly growing organisms [9]. On the other
hand, a few authors suggested that an incubation period of
2 weeks is a promising approach toward optimization of in-
fection diagnostics [8, 14].

Therefore, the aim of this study was to investigate the util-
ity of extended culture incubation in an orthopaedic institute
and to evaluate the differences between bacterial species iso-
lated within and after 5 days of media incubation.

Our results showed that without the prolongation of incu-
bation times, for a significant number of patients (66, i.e. 17%
of positive patients, 6.4 % of all patients) cultures would have
yielded negative results. Therefore, extending incubation pe-
riod really improves isolation rates of pathogens involved in
bone and joint infections.

Microorganisms isolated on agar plates, within and after
5 days of incubation, were not the same. The most noticeable
difference between agar plates and enrichment broths after
5 days was that bacterial species commonly associated with
orthopaedic infections (S. aureus, Pseudomonas aeruginosa,
Escherichia coli and other enterobacteria, enterococci) were
mainly isolated from agar plates, while prolonging incubation
allowed the isolation of unusual bacteria. The real clinical
significance of lactococci, micrococci, Ralstonia spp. or
Sphingomonas spp. may be questionable since, in some cases,
their retrieval could be caused by sample contamination,
which might occur during sample collection or subsequent
treatment before plating. The role of Arcanobacterium and
Bacillus spp has not been clearly established and is limited
to a few reports [15–19], while Corynebacterium,
Actinomyces andGranulicatella species are occasional causes
of PJIs and Acinetobacter is an emerging nosocomial patho-
gen, which has also been isolated from osteomyelitis and PJIs
[20, 21].

In our study, the microorganism most frequently isolated
after 5 days of incubation was Propionibacterium spp, a com-
mensal bacterium of the deep layers of skin, respiratory, di-
gestive and eyemucosa with low level of virulence, but able to
cause a range of postoperative and device-related infections
[22]. P. acnes was isolated with high frequency in our setting,
compared with other investigations. The 15-day incubation
period in our study provides a reasonable explanation for this
finding, because propionibacteria were detected almost exclu-
sively during the second week of culture.

Interestingly, about 25 % of microorganisms isolated after
5 days of incubation were coagulase-negative staphylococci
(CoNS). This is a very interesting result, since in literature
there are scarce data on the importance of prolonged cultures
for the isolation of CoNS; only a very old study reports that

the most common Bbroth only isolates^ (microorganisms
which grew only in the inoculated thioglycollate broth and
not on the directly inoculated solid media) were CoNS [13].
The role of CoNS in healthcare-associated infections has been
acknowledged in recent years, accounting for 30–40% of PJIs
[23–25].

A recent study states that the use of prolonged incubation
times for solid media failed to increase the detection of
implant-related infections [5]. Therefore for 250 patients we
extended incubation of AC plates. Our findings only partially
confirm results of Esteban et al.; in fact, AC plates of 17.2 %
of patients became positive after the first day of incubation.
Only in a few cases the growth on solid media was not follow-
ed by a growth in broths and microorganisms grown only on
AC plates were often contaminants.

Anyway, in the remaining cases, in which growth on AC
was confirmed by broths, prolonged incubation times for solid
media allowed the detection of a certain percentage (11.6 %)
of positivity.

However, since in most cases growth on AC plates after the
first day of incubation was confirmed by that in broths, longer
incubation times of broths seems to be preferable to a prolon-
gation of solid media incubation.

In conclusion, extending incubation period of broths im-
proves isolation rates of pathogens involved in bone and joint
infections thus allowing determination of susceptibility pro-
files in order to ameliorate management of these infections.
Moreover, prolonged incubation of broths greatly increases
the detection of infections in comparison to solid media.
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