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a b s t r a c t

Prosthetic joint infections (PJIs) are rare but feared complications following joint replacement surgery.
Cutibacterium acnes is a skin commensal that is best known for its role in acne vulgaris but can also cause
invasive infections such as PJIs. Some phylotypes might be associated with specific diseases, and recently,
a plasmid was detected that might harbour important virulence genes. In this study, we characterized
C. acnes isolates from 63 patients with PJIs (n¼ 140 isolates) and from the skin of 56 healthy individuals
(n¼ 56 isolates), using molecular methods to determine the phylotype and investigate the presence of
the plasmid. Single-locus sequence typing and a polymerase chain reaction designed to detect the
plasmid were performed on all 196 isolates. No statistically significant differences in sequence types
were seen between the two study groups indicating that the C. acnes that causes PJIs originates from the
patients own normal skin microbiota. Of the 27 patients with multiple tissue samples, 19 displayed the
same sequence types among all their samples. Single-locus sequence typing identified different geno-
types among consecutive C. acnes isolates from four patients with recurrent infections. The plasmid was
found among 17 isolates distributed in both groups, indicating that it might not be a marker for virulence
regarding PJIs. Patients presenting multiple sequence types in tissue samples may represent contami-
nation or a true polyclonal infection due to C. acnes.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prosthetic joint infections (PJIs), although rare [1], are the most
feared complications following joint replacement surgery since
they never resolve without surgical intervention and antibiotic
treatment [2,3]. There is a need for surgical debridement and often
a replacement of the infected prosthetic device as well as long-term
antibiotic (often combination) therapy [3].

The most common pathogens of PJIs are Staphylococcus aureus
and coagulase-negative staphylococci, predominantly Staphylo-
coccus epidermidis, which together account for >50% of all PJIs [1,4].
Other pathogens associated with PJIs are Escherichia coli,
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Pseudomonas aeruginosa, beta-haemolytic streptococci, Entero-
coccus species, and anaerobes, in particular Cutibacterium acnes
[1,5e7].

C. acnes, formerly known as Propionibacterium acnes, is a Gram-
positive, rod-shaped, slow growing bacterium. It is a common skin
commensal, but has also been found to be involved in the patho-
genesis of acne vulgaris [8]. The presence of C. acnes in, for example,
tissue samples from PJIs has long been considered as a contami-
nation [9], especially if only found in a subset of the tissue speci-
mens taken per patient. Present definitions of PJI require growth of
identical microorganisms in at least two perioperative tissue and/or
synovial fluid samples [3,10]. Although regarded as a low-virulence
bacterium, C. acnes has been associated with other foreign body
infections such as prosthetic valve endocarditis and meningitis
related to shunts and mechanic valves [5e7,11,12]. Furthermore, it
has been proposed that C. acnes may be a more common cause of
PJIs than previously assumed, and possibly sometimes
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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misinterpreted as aseptic loosening [13].
Phylotyping of C. acnes has for several years been performed by

multi-locus sequence typing (MLST), differentiating many
sequence types (STs) that can be grouped together in different
clonal complexes (CCs) [14]. In recent years, a new simplified
method has been introduced to phylotype C. acnes: single locus
sequence typing (SLST) [15]. The discriminatory powers of MLST
and the newly-described SLST are comparably high for C. acnes, but
SLST has the advantage of being less time-consuming and less
expensive [15]. Currently, over 140 STs have been identified by
SLST; they are all registered in a database that is available online
(http://medbac.dk/slst/pacnes).

To date, sixmain phylotypes of C. acnes can be distinguished: IA1,
IA2, IB, IC, II, and III [14,16]. The different types display differences in
association with clinical disease, antibiotic resistance, virulence
factors/determinants, and inflammatory properties [16e18]. It has
been proposed that C. acnes IA is the predominant phylotype in
moderate to severe acne, and types IB, II, and III are the most
prevalent in infections of soft tissue and medical implants [16].
CC36 (phylotype IB, H type in the SLST scheme) and CC53 (phylo-
type II, K type in the SLST scheme) have been shown to be associ-
ated with PJIs, while CC18 and CC28 (both phylotype IA; A and F
types in the SLST scheme, respectively) are associated with isolates
derived from patients with acne vulgaris [19,20]. However, the
clinical relevance of the distinct genetic profiles of different types
and their contribution to disease development is still not under-
stood, and further research is needed.

One possible disease-associated element is a linear plasmid,
designated pIMPLE-HL096PA1 in strain HL096PA1 (type IA). It was
recently found in some C. acnes strains that were highly associated
with the development of acne vulgaris [21], and later found among
type II strains associated with prostate cancer [22]. The plasmid
carries genes that encode for tight adherence (TAD) pili that have
been found to enhance biofilm production and colonization in
several bacterial species [21,23]. C. acnes does produce biofilm [24],
a property that is known to be important for development of PJIs in
other species.

1.1. Aim

The aim of the present study was to use molecular methods
(SLST) to characterize C. acnes isolated from patients with PJIs,
including multiple samples of C. acnes from the same patient, and
from the skin of patients intended for prosthetic joint surgery, and
to investigate the presence of the TAD pili encoding linear plasmid.

2. Material and methods

In total, 196 isolates of C. acnes were collected from 119 patients
undergoing prosthetic joint surgery. Isolates (n¼ 140) from 63
patients with PJIs were obtained from tissue samples from hip
(n¼ 50), knee (n¼ 7), and shoulder prostheses (n¼ 83) during re-
operation of suspected or verified PJIs at the University Hospitals of
€Orebro and Link€oping, Sweden, between 2002 and 2015. Control
isolates (n¼ 56) were obtained from a further 56 patients from the
skin of the planned surgical area prior to their intended prosthetic
hip or knee joint replacement surgery. From these patients only one
isolate/colony from each patient was randomly selected further
analysis.

According to the routine protocol (when performing a
debridement and revision) at least five tissue biopsies and if
possible synovial fluid samples is recommended. The median
number of samples taken was 5 (range 1e12). In 55 patients the
tissue samples showed growth of C. acnes in �2 samples. However,
in 8 patients only one sample was positive but the patients were
from a clinical point of view regarded as infected and treated as a
deep infection.

The culture and species verification of C. acneswas performed in
accordance with routine diagnostic procedures. The samples were
cultured for five days in an anaerobic atmosphere (80% N2, 10% CO2,
10% H2) at 36 �C on FAA plates (4.6% [w/v] LAB 90 Fastidious
Anaerobe Agar, LAB M, Heywood, Bury, United Kingdom, supple-
mented with 5% horse blood). The isolates were characterized by
colony morphology, Gram-staining, catalase and indole tests and in
selected cases confirmed to species level by API 20 A (bioM�erieux,
Marcy-l’�Etoile, France) before the implementation of matrix-
assisted laser desorption/ionization time-of-flight mass spectrom-
etry (MALDI-TOF MS) with a Microflex LT and Biotyper 3.1 (Bruker
Daltonics, Bremen, Germany) in January 2014. All isolates have
retrospectively been confirmed by MALDI-TOF MS. In addition, the
samples were incubated in enrichment broth (2.97% [w/v] fastid-
ious anaerobic broth, Lab M, supplemented with 1% [w/v] D-
glucose) for 7 days. If no growth was detected, the broth was
subcultured on a FAA plate for 5 days in an anaerobic environment
at 36 �C. The isolates were stored in a preservation broth (trypticase
soy broth with 0.3% yeast extract and 29% horse serum) at �80�C.

The statistical analysis was performed with IBM SPSS Statistics
23, using Fisher's exact test or the chi2 test depending on sample
size. Statistical significance was set at P< 0.05.

2.1. Ethical considerations

In the present study only subcultured bacterial isolates have
been stored, no tissue material or other biological material was
stored. The laboratory ID was anonymized before handling and the
isolates have been given a serial number, and no personal data have
been handled during this study. Information about date of sampling
and site of sampling was available.

2.2. Single locus sequence typing (SLST)

SLST was performed on all isolates. DNA was extracted from all
isolates, and the SLST fragments were amplified by PCR using the
50PRIME HotMasterMix (5 PRIME, Hamburg, Germany) with 50-
CGCCATCAAGGCACCAACAA- 30 as forward primer and 50-
ATATCGGCCCGTATTTGGGC-30 as reverse primer. The thermal
cycling started with denaturation at 96 �C for 40 s, and then 35
cycles were performed at 94 �C for 35 s, 55 �C for 40 s, and 72 �C for
40 s, with a final extension step at 72 �C for 7min. Agarose gel
electrophoresis was used to verify the amplified PCR fragments.
After PCR purification (NucleoSpin Extract Kit, Macherey-Nagel),
the amplicons were Sanger-sequenced (GATC Biotech, Cologne,
Germany). Forward and reverse sequence reads were aligned, and
the quality of the consensus controlled by manual inspection. STs
were assigned to each amplicon using the SLST database (http://
medbac.dk/slst/pacnes), which currently contains 143 STs. All
amplicons could be assigned to a ST stored in the SLST database.

2.3. Quantitative real-time PCR (qPCR)

To extract crude bacterial DNA, a full loop of bacteriawas diluted
in 0.3ml sterilized water and first boiled for 45min (>95�C) then
incubated at �20 �C overnight. Next, the suspension was boiled at
100�C for another 15min and centrifuged at 5000 g for 3min,
before 100 ml of the supernatant was stored at �20�C pending PCR
analysis.

To identify the linear plasmid, primers were used (tadA forward
primer: 50-GATCGCGTGGATACGGAACT-30 and tadA reverse primer:
50- GGTGGGTAACCATGAGGTGG-30) that targeted the tadA gene,
which is exclusively present on the plasmid and not on the C. acnes
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chromosome.
The volume of each reaction mixture was 25 ml, and contained

1� iTaq Universal SYBRGreen (Bio RAD), 0.5 mMof each primer, and
4 ml DNA template. The thermal cycling started with a pre-
incubation at 95�C, followed by 40 cycles of temperature varia-
tions (95�C for 15s, 60�C for 60s, and 65�C for 5 s). Two C. acnes
isolates, classified based on whole genome sequencing as plasmid-
positive and plasmid-negative respectively, were used as positive
and negative controls [22]. The Tm calculation for the positive
control was set to 87 �C. Based on that, all samples with a Tm of
87 �C were defined as plasmid-positive.
3. Results

3.1. Results from SLST

SLST results for all PJI and skin isolates are presented in Table 1,
and results from PJIs divided by sample site (upper body/shoulder
and lower body/hip and knee) are presented in Table 2. Since some
patients contributedmultiple tissue samples, the statistical analysis
was performed on the patients who only contributed one isolate
(n¼ 32), one sample from the patients with multiple samples with
the same ST type among all samples (n¼ 19), and the first sample
from patients with recurrent infections (n¼ 4), a total of 55 isolates,
Fig. 1.

A total of 21 previously known SLST types were found among all
isolates, and a few new types were encountered. Themost common
ST types among the isolates from PJIs were A1 (45%), D1 (11%), K8
(11%), and K2 (5%). The most common STs among skin isolates were
also A1 (41%), followed by H1, K8, and K2 (all at 5%). Many of the
other STs were only found once in one or both of the groups.

Regarding the clonal complexes, CC18 was the most common
type among PJI isolates (47%), followed by CC53 (25%). The most
common CCs among skin isolates were CC18 (46%) and CC53 (18%).

Regarding the assignment to the main six phylotypes, 36 of 55
(65%) isolates from PJIs belonged to phylotype IA1, 14 (25%) to type
Table 1
SLST types of all C. acnes isolates from patients with prosthetic joint infections (PJIs) and fr
assigned to one of the sixmain phylotypes as well as to the CC of theMLST9 scheme. The p
the 19 patients with multiple samples with the same SLST type are each represented b
collected sample.

SLST Phylotype MLST

A1 IA1 CC18
A2 IA1 CC18
A3 IA1 CC18
A18 IA1 n.d
B1 IA1 Singleton
C1 IA1 CC3
D1 IA1 CC28
D2 IA1 CC28
E3 IA1 n.d
H1 IB CC36
H4 IB CC36
K1 II CC53
K2 II CC53
K4 II CC53
K5 II CC53
K7 II CC53
K8 II CC53
K12 II n.d
L1 III Singleton
L2 III Singleton
New F type IA2 n.d
New K type II n.d
New L type III n.d

Total
II, three (5%) to type IB, and only one to type III and IA2 respectively.
Among the isolates from the skin, the most common phylotype was
also IA1, represented by 33 isolates (59%); 12 isolates (21%)
belonged to type II, five (9%) to type III and three isolates (5%) to
type IB.

There were no statistically significant differences between PIJ
isolates and control isolates regarding the phylotype, CC, or ST
distributions (p-value range: 0.0939 to 1). There were also no sta-
tistically significant differences when PJI isolates from shoulder
infections were compared with those from hip and knee infections
(p¼ 0.196e0.787).
3.2. Patients with multiple samples

Of the 63 patients with PJIs, 27 (43%) had multiple C. acnes
positive periprosthetic tissue samples available for investigation,
taken on the same day during re-operation (Fig. 1). Up to eight
samples were stored per patient. Of these 27 patients, 19 had
multiple C. acnes isolates with the same SLST type in all samples,
and eight patients had different types. The different SLST types for
each of the eight patients are shown in Table 3.
3.3. Patients with recurrent infections

Four of the 63 patients displayed multiple C. acnes positive tis-
sue samples obtained at different dates; most of them were iden-
tified several months apart. These patients had infections that were
classified as recurrent infections. Patient 1 had a total of two
C. acnes positive samples, the second obtained after 18 months.
Patient 2 also had two positive samples, the second obtained at 13
months. Patient 3 displayed five positive samples, with the second
and following samples obtained at 13, 14, 25, and 26 months after
the initial re-operation, respectively. Finally, patient 4 had four
samples, three of which were obtained one month after the pri-
mary sample. SLST results for these isolates are shown in Fig. 2.
om the skin of patients intended for prosthetic joint surgery. All SLST types were also
atients in the PJI section are represented by the 32 patients with single samples, while
y one sample. The patients with recurrent infections are represented by their first

Number of isolates from PJIs Number of isolates from skin

25 23
0 2
1 1
0 1
1 2
2 1
6 2
1 0
0 1
2 3
1 0
2 2
3 3
1 1
1 0
1 1
6 3
0 1
0 2
1 2
1 0
0 1
0 1

55 56



Table 2
Single-locus sequence typing (SLST) results for C. acnes isolates from PJIs, divided by site of the infection.

SLST Phylotype MLST Number of isolates from shoulder infections Number of isolates from hip and knee infections

A1 IA1 CC18 14 11
A3 IA1 CC18 1 0
B1 IA1 Singleton 0 1
C1 IA1 CC3 0 2
D1 IA1 CC28 5 1
D2 IA1 CC28 1 0
H1 IB CC36 0 2
H4 IB CC36 0 1
K1 II CC53 0 2
K2 II CC53 1 2
K4 II CC53 1 0
K5 II CC53 0 1
K7 II CC53 0 1
K8 II CC53 4 2
L2 III Singleton 1 0
New F type IA2 1 0

Total 29 26

Fig. 1. Distribution of single and multiple samples of C. acnes isolated from patients
with prosthetic joint infections (PJIs) typed by single-locus sequence typing (SLST).
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3.4. Presence of plasmids in PJI and skin C. acnes isolates

The presence of tad-locus containing plasmids in the C. acnes
collection was investigated using a PCR-based approach. Among
the C. acnes isolates from PJIs, 11 isolates out of 140 (8%) from 6 out
of the 63 patients were found to harbour the linear plasmid by
employing the tadA-specific PCR. The majority (10/11) of the tadA-
positive isolates were obtained from shoulder prostheses, while the
remaining isolate was obtained from a PJI of the hip. The most
commonphylotype among all tadA-positive C. acnes isolates in both
groups was type II (11/17; 65%). The plasmid was significantly more
common among C. acnes type II compared to other phylotypes
Table 3
C. acnes isolated from multiple tissue samples of eight patients with prosthetic joint inf
samples.

Patients Sample 1 Sample 2 Sample 3

1, Shoulder A1 A1 H1
2, Shoulder C3 D1
3, Hip H1 New type New type
4, Hip A1 D1 H1
5, Shoulder K2 H1 K2
6, Hip K2 K5
7, Shoulder D2 D2 D2
8, Shoulder A1 A1 A1
(p¼ 0.007; Fig. 3).
Among the controls, 6/56 (11%) of the C. acnes isolates were

tadA-positive: three isolates belonging to type IA, two to type II, and
one to type IB (Fig. 3).

There was no significant difference in prevalence of the plasmid
between isolates from the shoulder and those from the hip and
knee (p¼ 0.129).
4. Discussion

This study investigated the phylogenetic profiles of C. acnes
isolates from PJIs and from the skin of patients obtained 2e6 weeks
prior to planned hip or knee joint replacement surgery.

Five out of the six main phylotypes were identified among our
C. acnes isolates, though phylotype IA2 could only be detected in
two PJI isolates. Phylotype IC, a rather rare phylotype [14], was not
found among any of our samples. The most common phylotype
among the PJIs isolates was IA1, which is most commonly found in
the facial area and upper part of the body [22,25]. It is the phylotype
that has the strongest association with acne vulgaris [26]. A pre-
vious study described that IA1 was the most common phylotype
among infections of shoulder prostheses [25]. However, in the
present study there were no significant differences regarding
phylotypes between shoulder PJIs and hip and knee PJIs.

Several studies have investigated the phylotypes of C. acnes from
healthy skin [16,27], but the bacterium has rarely been character-
ized from the lower part of the body, since much of the research
focuses on acne vulgaris. The control isolates included in the pre-
sent study were obtained from the skin of planned surgical sites of
the hip and knee. No statistically significant difference regarding
STs could be identified between the isolates from PJIs of the upper
ections (PJIs) with different single-locus sequence typing (SLST) types among their

Sample 4 Sample 5 Sample 6 Sample 7

A1 A1 H1 A1

K2

D2 D2 D2 A1
New A New A



Fig. 2. C. acnes isolated from multiple tissue samples obtained from four patients with prosthetic joint infections with recurrent infections; intervals between the samples, and STs
for each isolate. Each ST is represented by one colour.

Fig. 3. The result of the plasmid PCR. Six patients with PJIs had plasmid positive iso-
lates among their tissue samples. Each patient is represented by one bar. Each box
represents one isolate; green depicts plasmid-positive isolates and blue depicts
plasmid-negative isolates. Each isolate's SLST type is displayed within each box. Six
plasmid-positive isolates were found among six patients in the skin group, represented
by the bar to the right. Each box represents one patient. Patient #4 here is the same as
patient #4 in Fig. 2.

C. Liew-Littorin et al. / Anaerobe 59 (2019) 54e6058
and lower part of the body. Also, here was no difference regarding
phylotypes IB/CC36 and II/CC53, which is in contradiction of two
earlier studies reporting that these phylotypes/CCs were associated
with PJIs and other foreign body infections [16,19].

Subsequently, it is not unlikely that C. acnes found in perioper-
ative tissue samples originates from the patient and has been
translocated from the skin of the patient to the surgical site during
or in close connection to the surgical procedure, and not from the
hospital environment which may be the case for PJIs caused by
other commensals such as S. epidermidis [28].

Patients, with multiple samples obtained at the same surgical
revision procedure, displaying the same phylotypes in all tissue
samples may represent a true infection. Identification of different
phylotypes in different tissue samples obtained at the same sam-
pling event may represent a true polyclonal infection or a
contamination by one or more C. acnes strains. It is possible that
multiple strains were inoculated into the surgical wound during
the primary joint replacement procedure, or that some/all of the
strains were translocated later on when the wound was still not
completely healed. Another possibility is that some of the isolates
represent a contamination during re-operation, rather than a true
infection [29].

The current diagnostic requirements of a PJI requires growth of
identical microorganisms in at least two perioperative tissue and/or
synovial fluid samples [3,10]. Several of these eight patients with
different STs among their multiple samples did not meet these
criteria, since the bacteria had different STs and thus were not
identical. This result might indicate that these patients did not fulfil
the criteria for the definition of PJI and should not have been
treated for a PJI. This opens up the possibility of clinical use of SLST
to identify true infections and spare patients from unnecessary
treatment.

Since C. acnes is regarded as a low-virulence bacterium, it has
earlier been assumed that it might be a contamination when
appearing in perioperative samples [19]. However, in the present
study two-thirds of the patients with multiple samples displayed
the same ST among all of their samples, which indicates a true
infection. Our result strengthens the proposition that C. acnes is a
more common cause of PJIs than previously assumed.

We also report four patients that were classified as having
recurrent infections with consecutive samples obtained at different
time points. The isolates from each patient had different STs in
almost every sample. Unfortunately, only one isolate was stored
from most of the surgical procedures, and so it is not possible to
confirm whether these infections were primary polyclonal in-
fections or contamination by the skin flora via an open draining
wound which subsequently resulted in the presence of several
different clones among the different samples.

Another question that could be raised regarding these recurrent
and polyclonal infections is whether these are more difficult to
eradicate compared to monoclonal infections, since they were
exposed to repeated surgical debridements. Antibiotic resistance
among C. acnes is low [9], but an increase in this resistance has been
reported, mostly among IA1 isolates and mostly against antibiotics
used as treatment of severe acne vulgaris [16].

Regarding the plasmid, several studies have reported the pres-
ence of the tad locus containing plasmid in specific strains. The tad
locus is also present in other species and likely to play a role in the
pathogenesis. For example, adhesion, pili formation, and biofilm
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production of Actinobacillus actinomycetemcomitans [22,30,31]. A
tad-negative A. actinomycetemcomitans strain had a defect in tight
adherence to surfaces [31]. Plasmid-positive C. acnes isolates from
prostate cancer are likely to possess adhesive fimbrial low-
molecular weight protein pili [22].

Since the tad locus is apparently involved in biofilm production
and pili formation, it could be hypothesized that it could represent
a virulence determinant in PJIs. However, in the present study, the
plasmid was found both in samples from patients with PJIs and in
samples from the skin, at the same frequency. The plasmid might
thus not be a marker for virulence. However, if the plasmid is
functional among these isolates, plasmid-positive infections might
be more difficult to treat because of increased biofilm production
and firmer adherence to the prosthetic device surface. Since we did
not have access to clinical data, we cannot say whether there was
any difference in outcome or treatment regimens of these patients.

Interestingly, not all isolates from the same patients that were
retrieved at the same re-operation were plasmid-positive; to our
knowledge, this is the first time this has been described. Two
separate observations regarding this phenomenon were made: i)
multiple isolates with the same ST retrieved from the same patients
but differing in the presence of a plasmid, and ii) among isolates
with different STs obtained from the same patients where the
plasmid was only found in one specific ST. The latter could be ex-
pected, since the presence of the plasmid may be lineage-specific;
particular in phylotype II strains. Regarding the first finding, one
hypothesis is that the plasmid might be transferred between iso-
lates of various STs, or among isolates of the same ST, by horizontal
gene transfer. It has been shown that the plasmid encode functions
that are connected to conjugative transfer [22].

As mentioned earlier, IA1 is a very common phylotype among
shoulder PJIs, however, when analyzing the isolates that were
plasmid positive, five out of six patients had a shoulder infection,
and the most common phylotype were type II (nine out of ten
isolates). This pattern have been observed earlier [32], and a posi-
tive correlation was found between plasmid positive isolates and
phylotype II, indicating that the plasmid might be lineage specific.
However, no statistical significant difference regarding phylotypes
and site of infections could be found. Further investigation of the
composition of phylotypes at different sites of the body, as well as
clinical data regarding the patients might bring new light on this
matter.

There are limitations to the present study. First, the sample size
is small, due to the fact that PJI is a rather uncommon complication,
and C. acnes is an uncommon pathogen in PJIs of hip and knee
prostheses. Second, all patients had multiple tissue samples
collected at revision surgery, but among several patients only one
C. acnes positive sample was stored, according to routine proced-
ures. Third, the controls consisted of isolates from the planned
surgical area of hip and knee joint replacement surgery; no skin
isolates from the shoulder were taken. In addition, only one isolate
from eachwas randomly chosen for further analysis. Finally, we had
no access to clinical data regarding the clinical course and outcome,
whichmay facilitate the interpretation and strengthened the study.

5. Conclusion

In conclusion, C. acnesmay be a more common pathogen among
PJIs than previously assumed, and in most cases not a contamina-
tion. SLST could not identify any statistically significant differences
between C. acnes isolates from PJIs and those from the skin. This
may indicate that the C. acnes that causes PJIs originates from the
patients own normal skin microbiota. The genotyping also identi-
fied patients with different STs in perioperative tissue samples. It is
unclear if this finding represents a polyclonal infection or a
contamination. The plasmid was equally prevalent in both cohorts,
indicating that it might not be a marker for virulence. However,
further research regarding the clinical aspect of these findings is
necessary to determine whether the plasmid has an impact on the
pathogenesis of PJIs caused by C. acnes.
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