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Abstract

Background

Cutibacterium acnes is a commensal on healthy human skin but can cause infections such as
biofilm-associated prostheses/hardware infections. There is no published South African data on
the susceptibility and phylogeny of C. acnes causing bone and joint infection. Empiric treatment,
guided mainly by international data, shows high clindamycin resistance in C. acnes. Clindamycin
would be a helpful oral treatment option due to its bioavailability and good bone penetration.
The study aims to assess the susceptibility profiles of C. acnes isolates sent to the laboratory
from prosthetic joint infection (PJI) patients in South Africa to guide antimicrobial therapy. The
molecular characterisation seeks to assess the genetic similarity between the isolated strains
and to determine which phylotypes predominate in bone and joint infections.

Methods

A retrospective analysis of antibiotic susceptibility profiles was performed for all intraoperative,
periprosthetic samples from patients with PJI, fracture-related infection and post-rotator cuff
repair sent routinely to Lancet Laboratories in Cape Town from January 2022 to May 2024. Only
sample sets where C. acnes was isolated on two or more samples were analysed. One organism
for each set of samples was used for the phylogenetic analysis. Single Locus Sequence Typing
(SLST) was used to perform phylotyping on the viable C. acnes isolates.

Results

Thirty-one C. acnes isolates (one per set of samples) were identified. There was 100% (31/31)
susceptibility to vancomycin, piperacillin-tazobactam, and penicillin; 81% (25/31) susceptibility to
meropenem; and 87% (27/31) susceptibility to clindamycin. Of the 12 typed strains, all showed
a high degree of genetic similarity.

Conclusion

These data show 100% susceptibility to the intravenous agents vancomycin, penicillin and
piperacillin-tazobactam, and a high degree of susceptibility to clindamycin, which can be
taken orally. This finding indicates that local susceptibility data is essential in guiding treatment
strategies for South African populations. The local phylogeny indicates that strains share a
common evolutionary history.

Level of evidence: 4
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Introduction

Prosthetic joint infection (PJI) is a growing concern due to the rising
number of arthroplasty surgeries.! Although the exact burden of
fracture-related infection (FRI) in South Africa is not known, the
global rate of infection is about 5%, which is thought to be higher
in low-resource settings.? Deep shoulder infection after rotator cuff
repair (RCR) ranges between 0.3 and 1.9%.3

PJI following primary arthroplasty rates vary: shoulder/hip ~
0.5-1%, knee ~ 2%. Infections occur early (< 4 weeks), delayed
(3-12 months), or late (> 1 year)."*% The organisms causing
PJI differ based on when the infection occurs post-arthroplasty.
Staphylococcus aureus and coagulase-negative staphylococci
predominate and are responsible for about 50-60% of all PJls.
S. aureus and Gram-negative bacilli are more common in early-
onset infections due to the increased virulence of these organisms,
which can result from wound infection post-surgery. This is followed
by coagulase-negative staphylococci and polymicrobial infections
likely to be introduced during surgery. Delayed onset infections are
often due to less virulent organisms, such as coagulase-negative
staphylococci, streptococci and enterococci, and are frequently
introduced during surgery. Late-onset infection is usually due to
haematogenous spread to the prosthesis, such as S. aureus,
streptococci or Candida species. Less commonly, anaerobic
organisms that are relatively avirulent, such as Cutibacterium
acnes, can cause late-onset PJI.' C. acnes is also the most
common anaerobe causing PJI.5

C. acnes, formerly known as Propionibacterium acnes, are
anaerobic-aerotolerant Gram-positive bacilli that reside in the
hair follicles and sebaceous glands of the normal human skin,
particularly in the upper body, and are most typically the cause
of acne vulgaris.” C. acnes is thus commonly associated with
prosthetic shoulder infections due to the proximity to a high number
of sebaceous follicles.” The male population have a higher bacterial
burden, and diabetes seems to be the only mutual comorbidity.

It is considered an opportunistic pathogen and has gained
increased recognition as a cause of prosthetic joint (particularly in
upper limb/shoulder cases), endovascular device and cerebrospinal
shunt infection, as it readily forms biofilm on these devices.? Initial
studies of periprosthetic shoulder infections underestimated the
true rate of infection caused by C. acnes as between 0 and 15%
of patients (due to diagnostic challenges), as more recent studies
show rates of 1.9-89%. C. acnes was also the most prevalent
organism causing deep site infection following rotator cuff injury in
51% of patients.®

C. acnes PJI cases typically manifest as chronic pain or subtle
inflammation, mimicking aseptic loosening. These patients often
do not present with a fever or raised inflammatory markers and are
less likely to have a sinus tract.!

For diagnosing a PJI, sampling should be performed with
a patient off antibiotics for at least two weeks to avoid false
negative culture results.'® There is also value in preoperative joint
aspiration with differential cell count and neutrophil percentage to
aid diagnosis.™ There is definitive evidence of a PJI when two or
more sterile tissue samples culture the same organism with clinical
findings according to the diagnostic criteria of the IDSA (Infectious
Diseases Society of America) and the MSIS (Musculoskeletal
Infection Society 2021).".12

C. acnes organisms are slow growing. Hence, clinical
laboratories must ensure that samples from periprosthetic sites
are cultured for 14 days.'® Standard microbiological techniques
are used to identify C. acnes isolates. Isolates are classified
as susceptible or resistant according to breakpoints set by the
Clinical Laboratory Standards Institute (CLSI) or the European
Committee on Antimicrobial Susceptibility Testing (EUCAST).
EUCAST breakpoints exist for vancomycin, benzylpenicillin,
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amoxycillin, ampicillin, ampicillin-sulbactam, amoxicillin-clavulanic
acid, cefotaxime, ceftriaxone, ertapenem, linezolid, piperacillin-
tazobactam, meropenem and clindamycin.”® CLSI breakpoint
criteria exist for ampicillin-sulbactam, piperacillin-tazobactam,
imipenem, meropenem, penicillin, clindamycin, moxifloxacin
and metronidazole for interpretation of C. acnes susceptibility.
For vancomycin, only an epidemiological cut-off value (ECV) is
available.' The CLSI method for antimicrobial susceptibility testing
for anaerobic bacteria acknowledges that using the agar gradient
method is acceptable for routine diagnostic laboratories for MIC
determination.™

Regarding C. acnes resistance, there is worldwide emergence
of resistance to tetracyclines, lincosamides and macrolides
due to the widespread use of oral and topical agents to treat
acne vulgaris.’® Clindamycin resistance rates to C. acnes vary
geographically. In North America, resistance is around 10%, while
in Europe it is about 8%.'¢ However, higher rates (30% and 26.7%)
were reported in Korea and Japan.'”'® Crane et al. found that 28
C. acnes intraoperative isolates from the shoulder showed varying
clindamycin susceptibility and reported drug-sensitive isolates
for amoxicillin, moxifloxacin, ertapenem and vancomycin in vitro.
Due to the variability in clindamycin susceptibility, the authors
suggest testing for clindamycin resistance. International guidelines
often exclude clindamycin due to reported high rates of resistance,
and these guidelines are followed in South Africa.

Antimicrobial susceptibility testing in cutibacteria is crucial for
guiding oral antibiotic therapy in PJIs and other bone and joint
infections. However, limited data exists due to factors like the
submission of a single tissue specimen, which makes it difficult
to distinguish between a skin contaminant and infection. South
Africa lacks a local antibiogram, forcing reliance on international
guidelines if testing is not available or when the organism is non-
viable for susceptibility testing.!

Specific C. acnes phylogenetic types exhibit a propensity for
biofilm formation and are frequently implicated in device-associated
infection. Examining their molecular and epidemiological
characteristics can clarify their role as pathogens versus skin
commensals. El Sayed et al. suggest a new definition of infection
or culture contamination, depending on whether the C. acnes
belonged to a distinct or similar sequence types (ST). The classical
criteria used to diagnose PJI does not encompass how complex
the microbiological diagnosis is, with a specific histological
presentation. Classical polymorphonuclear neutrophil infiltration
can be absent in C. acnes infection. Substantial plasmacytic
infiltration was reported with C. acnes in 71.4% of patients at the
reference centre of bone and joint infections in Lyon, France.?

C. acnes was historically divided into six phylogenetic groups/
phylotypes according to recA or tly PCR/sequencing method
typing: 1A1, IA2, IB, IC, Il and Ill. A more recent method to perform
molecular typing of C. acnes isolates is Single Locus Sequence
Typing (SLST). SLST is a fast and inexpensive molecular typing
method for C. acnes.?’ The SLST scheme has a more detailed
resolution as it can distinguish ten main STs: SLST types A, B, C,
D, E, F, G, H, Kand L.22 SLST types A—E correspond to phylotype
IA1 strains, whereas SLST types F, G, H, K and L correspond to
phylotypes A2, IC, IB, Il and lll, respectively.?? Dagnelie et al.
recommend that SLST be the standard reference typing method
for C. acnes due to its ability to discriminate isolates better.?!

The different phylotypes are associated with various clinical
conditions and have clinical relevance. Type I1A1 is predominantly
found in skin, and phylotype IA2 is involved in moderate to severe
acne. Types IB and |l are often associated with blood, soft tissue,
and medical device-related infections. Type lll is frequently found
on the skin of the lower trunk and has been associated with
spinal disc infections.?? Single locus STs A-E, H and K have been
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associated with hip, knee and shoulder PJI.?? Salar-Vidal et al.
analysed genotypes of C. acnes in PJI cases. Their results showed
five H1 types, two A1, one C1, one D1 as well as one type K1, a
new K type and one type F4. The SLST type H1 was the most
abundant type (66.7%) in PJI relapse cases.?

This study aims to assess the antibiotic susceptibility profiles and
perform molecular characterisation of C. acnes isolates submitted
to the laboratory from confirmed PJI/FRI patients in South Africa
to guide oral antimicrobial therapy. The molecular characterisation
aims to assess the genetic similarity between the isolated strains
and determine if the phylotypes predominating in PJI infections
sent to the laboratory during this study represent those typically
associated with prosthetic devices reported elsewhere.

Methods

The first part of the study is a laboratory-based descriptive
analysis of the susceptibility of C. acnes in patients with PJI/
FRI/RCR. Samples were submitted to Lancet Laboratories from
private sector hospitals in the Western Cape province of South
Africa based on the clinician’s clinical suspicion of a PJI/FRI/
RCR. This may include patients who had previous arthroplasty in
other geographical regions of South Africa and were subsequently
referred to a unit specialising in bone and joint infection in Cape
Town, Western Cape. All sample sets that had C. acnes isolated
on two or more periprosthetic tissues from patients with suspected
PJl, FRI and post-RCR (as indicated on the laboratory request
form) during the study period of January 2022 to May 2024 were
included in the study. Clinicians are provided with sample guides
that inform doctors on correct sampling techniques and samples
collection, which includes guidance on taking synovial fluid in
blood culture bottles, as well as at six tissue samples with separate
forceps/scalpels to avoid contamination in separate broth bottles.

Samples included tissue, bone received in thioglycolate
transport broth or standard laboratory sterile containers, where
six tissue/bone samples were collected intraoperatively. No blood
culture bottles (with synovial fluid) or implants/prosthetic samples
for sonication were received. Following routine laboratory protocol,
turbid broths indicative of microbial growth were subcultured,
and according to Corvec et al., thioglycolate broth was routinely
subcultured onto agar plates, despite presence of turbidity in the
case of C. acnes.? Organisms were identified employing matrix-
assisted laser desorption/ionisation time of flight (MALDI-TOF)
mass spectrometry.

As per standard laboratory procedures, susceptibility testing
was performed on one isolate per set of C. acnes isolates. For
susceptibility testing, fastidious anaerobic agar supplemented with
5% defibrinated horse blood (FAA-HB) was used. The inoculum
was standardised to a 1.0 McFarland turbidity, and plates were
incubated anaerobically at 35-37°C for up to 14 days. Antibiotic
susceptibility testing was performed using the Kirby-Bauer disk
diffusion method for benzylpenicillin disc 1 unit, meropenem disc
10 pg, piperacillin-tazobactam 30/6 ug disc, and clindamycin 2 ug
disc. Additionally, a gradient diffusion method was employed to
determine the vancomycin minimum inhibitory concentration (MIC)
within a range of 0.016-256 pg/ml. Zone diameters were interpreted
using EUCAST criteria for all antibiotics except vancomycin, for
which the ECV from CLSI was applied. Basic data analysis was
conducted to calculate the percentage of isolates susceptible to
each antibiotic tested.

For the second part of the study, phylogenetic analysis was
performed on C. acnes isolates stored by the laboratory. One
isolate per set of samples was included in the analysis. DNA was
extracted from viable isolates using the MagnaPure extraction
platform (Roche Diagnostics, Rotkreuz, Switzerland). Phylogenetic
typing was then conducted using the SLST method described by
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Kilian et al.?*. The resulting amplicons were assigned STs using
the SLST database (http://medbac.dk/slst/pacnes), which currently
contains 143 STs. Phylogenetic trees were constructed using
the Neighbor-Joining method, and evolutionary analyses were
conducted in MEGA11 software.?

Samples and cultures were anonymised using laboratory request
numbers to maintain patient confidentiality, and ethics approval
was obtained.

Results
There were 31 sets of intraoperative/peri-prosthetic tissue samples

that cultured at least two or more C. acnes isolates: 23 prosthetic
joint samples, four FRI samples and four samples from RCR.
Drug susceptibility testing was performed on a single isolate
from each C. acnes set. The analysis of susceptibility as well as
information on whether sample is from a PJI, FRI or RCR is listed
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Figure 1. Phylogenetic tree showing C. acnes samples related to known
single locus sequence types and Cutibacterium species
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Table I: Susceptibility breakpoints of study isolates using gradient
diffusion method for vancomycin and Kirby-Bauer disk diffusion for
benzylpenicillin, piperacillin-tazobactam, meropenem and clindamycin
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P10028 PJI S S S S S
P10066 PJI S S S S S
P6102 FRI S S S S S
P10250 RCR S S S S S
P10037 PJI S S S S S
CCP1021 PJI S S S S S
CCP3137 PJI S S S S S
CCP3142 PJI S S S S S
CCP0731 RCR S S S S S
P10049 PJI S S S S S
P10030 PJI S S S S S
P10025 PJI S S S S S
CCP4390 PJI S S S S S
CCP2187 PJI S S S S S
CCP2378 PJI S S S S S
269419648 FRI S S S S S
269419562 PJI S S S R S
269491539 PJI S S S S S
269419500 PJI S S S S S
269420124 PJI S S S S S
269418802 RCR S S S S S
267497399 FRI S S S S S
254392551 PJI S S S S S
267504677 PJI S S S S S
CPP1863 PJI S S S R R
LOOAM56L PJI S S S S S
269429063 FRI S S S R R
267508562 PJI S S S R R
267506595 PJI S S S R S
267508206 PJI S S S R S
PM RCR S S S S R

S: susceptible; R: resistant; PJI: prosthetic joint infection; FRI: fracture-related
infection; RCR: rotator cuff repair

in Table I. There was 100% (31/31) susceptibility to vancomycin,
piperacillin-tazobactam and penicillin. Six isolates were resistant
to meropenem, thus 81% (25/31) were susceptible to meropenem.
There were four isolates resistant to clindamycin, thus 87% of the
isolates were susceptible (27/31) to clindamycin.

The phylogenetic tree shows that strains H1, E1, A1, C1, F1, G1,
B1, D1, L1, K1, M1 and M2, obtained from the SLST database,
are closely related, clustering together with minimal branch
separation. Strains P10037, P10049, P10030, and P10028 form a
separate cluster, clustering closest with strain H1. According to the
SLST database, CCP3142 still has an unknown sequence type.
The strains demonstrate a high degree of genetic similarity with
only slight divergence (Figure I). All SLST phylotypes detected in
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Table II: Phylogenetic groups and phylotypes with medical device
infection association

Phylogenetic SLST Associated with medical device
group phylotype infections

IA1 A-E V

IA2 F J

B H W

IC G J

I K J

Il L V

the study have been associated with medical device infections
described in the literature (Table I/).

Discussion

The PRO-IMPLANT Foundation recommends treatment with
intravenous penicillin G or ceftriaxone empirically for the first two
weeks followed by oral amoxicillin or doxycycline with rifampicin.?
The IDSA recommends ceftriaxone or penicillin for the treatment of
C. acnes with clindamycin as an alternative.! Of note, Cutibacterium
spp. are intrinsically resistant to metronidazole likely due to the
absence of the PFOR system or an alternate pathway of pyruvate
metabolism.®

Cutibacteria are usually highly susceptible to [-lactam
antibiotics: penicillins, cephalosporins and carbapenems or
glycopeptides, e.g. vancomycin, teicoplanin and other antibiotics
administered intravenously such as daptomycin and linezolid.?”
Our data corroborates that by demonstrating 100% susceptibility
to vancomycin, penicillin and piptazobactam. Interestingly, it shows
up to 20% resistance to meropenem, indicating that this agent
should not be used in isolation as empiric parenteral antibiotic
therapy in bone and joint infection and an agent with broad Gram-
positive antibiotic cover should be added.

Parenteral antibiotics must be started postoperatively after
prosthesis removal or exchange, ensuring high bone concentrations
during the initial induction phase. The initial empiric intravenous
antibiotic choice is guided by the patient’s prior microbiological data,
prior antibiotic exposure, local antimicrobial resistance profile, and
host factors such as drug allergies and renal function. Afterwards,
once the bacterial aetiology has been identified and antimicrobial
susceptibility has been determined, the patient should transition to
a suitable oral agent with high oral bioavailability, reach high bone
concentrations, and to which the isolate is susceptible. The drug
susceptibility results show 87% susceptibility to clindamycin.

Treatment guidelines for PJI caused by C. acnes are not
standardised due to a lack of data. However, it is prudent to use
agents that penetrate bone and joints well; initial intravenous
penicillin or ceftriaxone followed by clindamycin would be a good
oral option as it penetrates bone at approximately 40-70% of
serum level.2 Daptomycin is a good empiric option with broad
Gram-positive cover and excellent bone penetration.?®

Many clinicians support adding rifampicin to C. acnes PJI
regimens for its biofilm activity, despite limited data. Kusejko et
al. studied 187 patients and found a trend toward lower relapse,
new infections, and overall treatment failure with rifampicin in the
regimen, though the results were not statistically significant.®
Vilchez et al., found that rifampicin therapy did not improve
outcomes.?' Although the data is contradictory in cases where
biofilm is suspected, many expert agree that rifampicin may be
considered as an additional agent in bone and joint infections
caused by C. acnes.
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Although the OVIVA ftrial did not specifically include cutibacteria,
switching from parenteral to oral antibiotics within seven days of
surgery or antimicrobial initiation was as effective as prolonged
parenteral therapy.?®

The antibiotic treatment duration for a PJI following debridement
and implant retention (DAIR), as well as a single stage revision, is
typically 12 weeks long; hence, oral treatments are preferred.3 In
a 12-week regimen, traditionally two weeks of intravenous therapy
are given followed by oral treatment. Shorter durations of six weeks
have also been used.®? FRIs with implant retention are treated for
six weeks, and if the implant is removed then usually four weeks is
sufficient.3® For infections following RCR, treatment duration is also
usually about four to six weeks duration.®

Routine resistance testing for daptomycin, rifampicin,
ceftriaxone, fluoroquinolones, tetracyclines and linezolid was not
performed, leaving no data on susceptibility, despite the potential
role of moxifloxacin, tetracycline, rifampicin and linezolid as
effective oral treatment options in osteoarticular infection. Note that
no EUCAST and CLSI breakpoints exist for daptomycin, rifampicin
and fluroquinolones other than moxifloxacin and tetracyclines.
The increasing antibiotic resistance of C. acnes poses a strong
argument for susceptibility testing before starting an antibiotic
regimen to most effectively and efficiently treat these potentially
serious infections.?

Infected prosthetic devices are treated with operative
interventions such as prosthesis exchange or debridement with
implant retentionand intravenous and/or oral antibiotics.3* The
surgical approach underpins treatment success. Clinical success
is improved where the surgical approach includes removing or
exchanging the hardware given the role of biofilm formation in
the pathogenesis of cutibacterium infections associated with
orthopaedic hardware.%°

To assess the genetic relationship of the strains causing bone
and joint infections, phylogenetic testing was undertaken. The
minor branch separations on the phylogenetic tree indicate high
genetic similarity. For instance, strains such as H1 and E1 and A1
and C1 are closely grouped, reflecting their near-identical genetic
makeup. Similarly, strains F1, G1, B1 and D1 show a strong
relationship, suggesting they may belong to a similar subgroup or
lineage within C. acnes. The differences in their positioning on the
tree indicate some level of divergence. However, the proximity of
these strains to each other within the tree suggests that they may
represent variations of the same subspecies or different lineages
with similar evolutionary origins.

The close phylogenetic relationship observed among strains
isolated in this study is further supported by their antibiogram
(Table I). Strains that cluster together on the phylogenetic tree,
such as H1 and E1 or A1 and C1, exhibited comparable resistance
profiles, indicating their genetic similarities reflected in their shared
antimicrobial resistance patterns. This suggests these strains
may have developed similar resistance mechanisms due to their
genetic proximity. The close genetic relationship likely contributes
to the uniformity in their resistance to specific antibiotics, providing
valuable insights into how closely related strains may behave
similarly regarding pathogenicity and treatment response.

The study is limited by the number of C. acnes isolated; however,
PJI with a C. acnes is a relatively rare phenomenon.?® Not all
isolates were viable to perform phylogenetic testing.

Conclusion

The findings have shown high susceptibility to penicillin,
piperacillin-tazobactam and vancomycin. Vancomycin is often used
as an empiric option with a Gram-negative agent. Clindamycin is
a very good option when testing is unavailable; however, clinical
diagnostic laboratories should ideally test for oral step-down options
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such as moxifloxacin, linezolid and clindamycin as breakpoints are
available. All isolates showed a high degree of genetic similarity,
and all phylotypes detected have been associated with bone and
joint infections in the literature. Further research is required on the
value of rifampicin in C. acnes treatment in bone and joint infection
as well as the best antibiotic regimen and duration of treatment for
C. acnes bone and joint infection.
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