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PANABIERES Catherine
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RAVEL Christophe
ROUBILLE Camille
SCHUSTER-BECK Iris
SZABLEWSKY

THEVENIN-RENECéline

MCU-PH de 2°™ classe
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BOETTO Julien
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HERBAUX Charles
HUBERLANT Stéphanie
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RANISAVELJEVIC Moémie

SOUCHE Frangois-Régis

Biochimie et biologie moléculaire

Biologie cellulaire

Bactérologie-virologie ; hygiéne hospitaliére

Parasitologie et mycologie

Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
Physiologie

Anatomie et cytologie pathologiques

Immunologie

Physiologie

Génétique

Neurochirurgie

Biophysique et médecine nucleaire

Biostatistiques, informatique médicale et technologies de la communication
Dermato-vénéréologie

Bactérologie-virologie ; hygiéne hospitaliére

Histologie, embryologie et cytogénétique

Physiologie

Hématologie, transfusion

Gynécologie-obstétrique ; Gynécologie médicale

Parasitologie et mycologie

Médecine interne ; gériatrie et biologie du vieillissement ; addictologie
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Chirurgie viscérale et digestive

Maitres de Conférences des Universités

Maitres de Conférences hors classe
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MCU-MG de 1™ classe
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MCU-MG de 2°™ classe
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Sciences du médicament et des autres produits de santé
Sciences biologiques fondamentales et cliniques
Sciences biologiques fondamentales et cliniques

Meurosciences

Mathematiques appliquées et applications des mathématiques
Sciences du Médicament et autres produits de santé
Sciences du médicament et autres produits de santé
Sciences physico-chimigues et technologies pharmaceutiques
Neurosciences

Philosophie

Physiologie

Histologie

Sciences du Médicament et autres produits de santé

Biologie Cellulaire

Maitres de Conférences des Universités - Médecine Générale

Maitres de Conférences associés - Médecine Générale
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PH charges d'enseignements
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Titre

Multicentric and retrospective study of monomicrobial Cutibacterium acnes
prosthetic joint infections: clinical differences between upper and lower limbs
and impact of choice of antibiotic therapy on successful healing.

Abstract

Background : Cutibacterium acnes prosthetic joint infection affects mainly, but not
exclusively, the shoulder. There is limited or no data in the literature comparing clinical
setting and failure rates between shoulder implants (SI) and lower limb implants (LLI).

Method : Comparative, multicentric, and retrospective study including monomicrobial
Cutibacterium acnes prosthetic joint infections of the shoulder, knee, and hip occurring
between 2012 and 2022 at the Montpellier and Nimes University Hospitals. We compared
clinical data and failure rates between Sl infection and ILM. We also conducted an
analysis of predictive factors for failure.

Results : We included 56 patients. Pain was significantly more frequent and presentation
more frequently acute in LLI. The most frequently antibiotic prescribed was clindamycin
(> 7 days in 87.5% of patients). Amoxicillin was used in 16.5% of patients. Rifampicin was
associated in 28.6%. Failure rate was high, particularly for LLI (10/27, 37.0%) compared
with 5/24 (20.8%) for Sl (P-value=0.235). The reason for failure appeared to be different
according to infected joint, with significantly more relapses with the same germ in Sli
(16.7% vs 0.0% P=0.043), and more new infections for LLI (29.6% vs 4.2% P=0.026).
The only factor significantly associated with failure was acute infection. There was
insufficient data to conclude on antibiotic therapy, but failures tended to be less frequent
in patients who received amoxicillin (12.5%).

Conclusion : The high frequency of new infections in failures in LLI infections suggests
that the isolation of only C. acnes in LLI infection should be considered with caution. Our
data are insufficient to suggest ways of optimising antibiotic strategy to improve the poor
outcome of C. acnes PJI.
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Introduction
Shoulder prosthesis implantation has increased significantly since the advent of reverse
prosthesis. Reverse prostheses provide better functional recovery with improved range
of motion [1]. However, they seem to present a higher risk of complications, particularly
infectious, with a 5% rate of prosthetic joint infection (PJI) [2]. Shoulder PJI have a
particular bacteriological feature compared to other PJIs. They are more frequently
chronic PJI due to Cutibacterium acnes (C. acnes) [3].

C. acnes, previously named Propionibacterium acnes, is a bacilliform, anaerobic, Gram-
positive bacteria commensal of the skin. This bacterium is more commonly found in
seborrheic areas, and in particular in the axilla [4]. Antibiotic prophylaxis and skin
decontamination are not very effective in preventing the occurrence of infection with this
microorganism [5]. C. acnes produce biofilm [6], which contributes to the difficulty to treat
osteoarticular infections with this germ.

There are few data on the efficacy of the antibiotic regimen in C. acnes osteoarticular
infections. In the 2010 recommendations of the “Société de Pathologie Infectieuse de
Langue Francaise” (SPILF) on osteoarticular prosthesis infections [7], the recommended
antibiotic regimens are single therapy using amoxicillin, cefazolin, ceftriaxone, or
clindamycin. In a 2015 review article focusing on anaerobic germ prosthesis infections
[8], only intravenous treatments were proposed for a duration of 4 to 6 weeks, with either
penicillin G or ceftriaxone proposed as the reference. The alternatives were clindamycin
or vancomycin. In current practice in France, it is generally preferred to treat with oral
therapy, and often for a longer duration compared to infections due to other bacteria. The
optimal oral antibiotic strategy is however unknown. Observational studies suggest that
the use of levofloxacin [9], or clarithromycin may increase the risk of failure [10]. But in
the other end, another study focusing on clindamycin use do not suggest this trend [11].
Rifampicin was shown useful in an animal model to reduce the biofilm created by C.
acnes, with a higher frequency of cured animals treated with a combined therapy
including rifampicin [12]. Rifampicin based treatment did not show benefit in small
retrospective observational studies [10-13]. However, a European multicentric study with
more than 187 patients showed a non-significant positive trend in favour of rifampicin [14].
Therefore, with no strong data available, antibiotic therapy is not standardized, and differs
from one centre to another.

C. acnes is often considered as a contaminant in lower limb surgery, but it can be
responsible for true PJI in hip joint implant [15] and in knee joint implant [16]. Only a few
studies compared the difference of clinical presentation and outcome between shoulder
and lower limb C. acnes PJI. A recent study [17] tried to compare those different joints
infection, but focused on radiologic and surgical management. Most studies that try to
compare retrospectively the impact of antibiotic regimens in C. acnes PJI include only
shoulder PJI [7;11;10;13], The studies [14-18] that included those 3 joints did not take in
consideration the possible difference of clinical presentation and outcome according to
the infected joint. Of note, the choice of antibiotic regimen may be different between those
3 joints, and thus bias the results.

The first aim of this study is to compare retrospectively clinical setting, antibiotic regimen
and outcome of C. acnes PJI according to the location of infection, shoulder vs hip and
knee.
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Materials and Methods

Study population.

This retrospective multicentric study was carried in 2 centres (Montpellier University
Hospital and Nimes University Hospital) and included adult patients who contracted a
monomicrobial C. acnes shoulder, hip or knee PJI between 2012 and 2022. At least 2
surgical samples positive for C. acnes were required, as well as the absence of isolation
of other microorganisms. Samples were incubated for at least 14 days in both centres.
We included patients who had undergone all type of surgery (1 or 2 stage replacement of
the prosthesis, debridement and retention of prosthesis (DAIR) or explantation without
reimplantation of prothesis). To define the type of prosthesis infection we used a modified
Tsukayama classification [19] : the PJI was considered acute when symptom occurred
for less than 30 days, chronic if symptom occurred for more than 30 days; the PJI was
considered as early if symptoms appeared within a year after implantation, late if
symptoms appeared more than 1 year after implantation

Endpoints
The objective of this study was to compare clinical setting, antibiotic regimen and outcome
between shoulder and lower limb (hips and knee) PJI.

For the outcome analysis, a failure was defined as the necessity of repeat surgery or new
antibiotic treatment regardless of the infectious agent after the initial treatment. A relapse
was defined as the necessity of repeat surgery or new antibiotic treatment with 2 new
surgical samples positive for C. acnes. A new infection was defined as the necessity of
repeat surgery or new antibiotic treatment with surgical samples positive for other germs
than C. acnes. We also studied the impact of the choice of antibiotic regimen on the risk
of failure, including rifampicin, amoxicilin and clindamycin and antibiotics of the
fluoroquinolone class that have been grouped together for this study. Antibiotic regimens
were considered in the analysis only if they were prescribed for 7 days or more.

As a secondary analysis, we also planned to perform survival analyses according to the
joint, the type of infection, some clinical setting and the antibiotic regimen, with a analyse
of the failure rate at 2 years. Exclusion criteria for the analyse of failure consisted in a
follow-up of less than 6 months and antibiotic therapy longer than 6 months.

An evaluation of adverse events related to antibiotic regimen was also carried out,
adverse events were graded according to the Common Terminology Criteria for Adverse
Events (CTCAE) Version 5.0.

Collected data

Eligible patients were identified by cross-referencing the bacteriology file (all
osteoarticular samples isolating C. acnes) with clinical data from the infectious disease
records.

We collected from the patient records general socio-demographic data such as age, sex,
weight, BMI. We also collected medical data such as renal function, smoking status,
presence of diabetes. We noted all the dates of the different surgeries related to the
implantation and the revision(s) of the prosthesis.

Regarding the antibiotic therapy, we have gathered the name of the molecule(s) used, as
well as the dosage, the administration methods, the start and end date of the probabilistic
and adapted antibiotic therapy for each patient.
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This study was approved by the local Institutional Review Board of the university hospital
of Montpellier ; Agreement number : 202201150

Statistical analysis

Patients were compared for their clinical, sociodemographic and therapeutic
characteristics according to the joint using a Chi-2 or Fischer's exact test for qualitative
variables, a Student's t-test if the conditions of application allow it, or Mann Witney test
for quantitative variables.

We used the Kaplan-Meier method to estimate survival probabilities and their pointwise
95% confidence intervals. The log-rank non-parametric test for comparison of survival
distributions was used to compare survival differences between groups. The alpha risk
was set to 5.0%. Statistical analysis was performed with EasyMedStat (version 3.27;
www.easymedstat.com).

Results

Study population

We included 56 patients from 2 hospitals (29 from Montpellier 27 from Nimes). 69.6% of
the patients were male with a median age of 67 years. In 48.2% of cases PJI affected a
shoulder implant (Sl), in 33.9% a hip prosthesis and in 17.9% a knee prosthesis. Main
characteristics of the patients are described in Table 1.

Table 1. Patient demographics and baseline characteristics of the 56 patients and in function of the joint, Shoulder vs lower limb

All patients Shoulder Hip (19) and Knee (10) P-Value
Total 56 27 29
General patient information
Hospital of recruitement Montpellier 29 (51.8%) 19 (70.4%) 8 (29.6%) 0.016
Nimes 27 (48.2%) 10 (34.5%) 19 (65.5%)
Sex Male 39 (69.6%) 22 (81.5%) 17 (58.6%) 0.084
Female 17 (30.4%) 5 (18.5%) 12 (41.4%)
Age (median, IQR) 67 (57 - 74) 71 (64 -73) 63 (53 - 74) 0.096
Body mass index, kg/m"2, (Median, IQR) 26.1 (23.9 - 28.3) 26.1 (23.4 - 28.6) 26.09 (24.1 - 28.2) 0.941
Diabetes mellitus n, % 9 (16.1%) 7 (25.9%) 2 (6.9%) 0.073
smoking status Active smokers 8/53 (15.1%) 2/26 (7.7%) 6/27 (22.2%) 0.081
Former quitters 12/53 (22.6%) 9/26 (34.6%) 3/27 (11.1%)
Renal insufficiency (CrCl <60 mL/min) n, % 7 (12.5%) 2 (7.4%) 5 (17.2%) 0.424
Previous surgery* n, % 37 (66.1%) 19 (70.4%) 18 (62.1%) 0.58
Including prosthesis® n, % 22 (39.3%) 7 (25.9%) 15 (51.7%) 0.089
History of cured infection n, % 8 (14.3%) 4 (14.8%) 4 (13.8%) 0.999
Planned surgery n, % 50 (89.3%) 24 (88.9%) 26 (89.7%) >0.999

Abrevation : IQR, interquartile ratio ; CrCl,Creatinine clearance.
*All history of surgery on the joint that occur before the surgery that lead to the infection of this joint.
“Only history of placement or replacement of prosthesis on the joint that occur before the surgery that lead to the infection of this joint.

The clinical presentation of the infection and surgical management are described in Table
2. The infection was classified as acute (< 30 days of symptoms) in 8 patients (14.3%),
and chronic (> 30 days of symptoms) in 48 patients (85.7%). Infection occurred within
one year of implantation (early) in 39 patients (69.6%), and after 1 year (late) in 17
patients (30.4%). Infection was diagnosed before revision surgery in 34 patients (60.7%),
during revision surgery in 6 (10.7%), and after revision surgery in 16 (28.6%). Median
time between onset of symptoms and diagnosis of infection was 209 days. The revision
surgery consisted of a 2-stage prosthesis change for 18 patients (32.1%), a 1-stage
prosthesis change for 30 patients (53.6%), a DAIR for 8 patients (14.9%) and a removal
without insertion of material for 1 patient (1.8%).
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Table 2 : clinical presentation an surgical setting of the 56 patients and in function of the joint

, Shoulder vs lower limb

All patients Shoulder Hip (19) and Knee (10) P-Value
Total 56 27 29
Clinical presentation
Pain 49 (87.5%) 21 (77.8%) 28 (96.6%) 0.048
Including isolated pain® 16 (28.6%) 7 (25.9%) 9 (31%) 0.771
Other symptoms Fistula 16 (28.6%) 8 (29.6%) 8 (27.6%) >0.999
Inflammatory signsb 15 (26.8%) 6 (22.2%) 9 (31.0%) 0.552
Haematoma 5 (8.9%) 1 (3.7%) 4 (13.8%) 0.353
Luxation 8 (14.3%) 4 (14.8%) 4 (13.8%) >0.999
duration of the infection® Acute 8 (14.3%) 1(3.7%) 7 (24.1%) 0.052
Chronic 48 (85.7%) 26 (96.3%) 22 (75.9%)
time to onset" Early 39 (69.6%) 16 (59.3%) 23 (79.3%)
Late 17 (30.4%) 11 (40.7%) 6 (20.7%) 0.147
CRP >15mg/L or positive®  n, % 27 (69.2%) N=39 12 (70.6%) N=17 15 (68.2%) N=22 >0.999
CRP >50mg/L n, % 10 (28.6%) N=35 3 (23.1%) N=13 7 (31.8%) N=22 0.708
Surgery setting
Time of diagnosis Before surgery (n, %) 34 (60.7%) 18 (66.7%) 16 (55.2%) 0.544
During surgery (n, %) 6 (10.7%) 4 (14.8%) 2 (6.9%) 0.414
After surgery (n, %) 16 (28.6%) 5 (18.5%) 11 (37.9%) 0.143
Time to make the diagnosisf In day (median, IQR) 209 (32.5; 520.75) 144 (26 ; 405.5) 251 (34 ; 749) 0.309
Surgical strategy n, % 48 (85.7%) 23 (85.2%) 25 (86.2%) >0.999
1-stage exchange 30 (53.6%) 14 (51.9%) 15 (51.7%) 0.964

2-stage exchange 18 (32.1%) 8 (29.6%) 10 (34.5%)
Explantation only 1(1.8%) 1 (3.7%) 0 (0.0%)
DAIR 8 (14.9%) 4 (14.8%) 4 (13.8%)

Abrevation : IQR, interquartile ratio ; CRP, C reactive protein ; DAIR, Debridement, antibiotics and implant retention.

“patient for who the pain was the only symptom.

®|nflammatory symptom include: swelling, redness and warmth.

°Acute when symptom occure for less than 30 days, chronic if symptom occure for more than 30 days.

9Early if symptom appear within a year after the surgery, late if symptom appear more than 1 year after the surgery.

‘Include patient for who the CRP value was >15mg/L or for who it was write in the consultation file that the CRP was positive without the value known.
‘Number of days between the infecting surgery and the diagnosis of infection

In terms of laboratory data, a preoperative joint puncture was performed in 26 patients
(46.4%), and was positive for C. acnes in only 12 patients (46.2%). It should be noted
that 2 of the joint punctures were positive for other germs (7.7%) (2 coagulase-negative
staphylococci). During revision surgery, the median number of surgical samples was 6,
and the median number of positive samples was 4, for an average positivity rate of 69%.
The median growth time was 6.5 days, ranging from 3 to 17 days. Penicillin susceptibility
was tested 44 times and was found to be sensitive in all cases (100%). Penicillin
susceptibility testing has been performed on penicillin G for one centre since 2018, and
on amoxicillin since 2012 for the other centre. 1 out of 55 strains was found to be resistant
to clindamycin, and 1 out of 54 to rifampicin. For fluoroquinolone susceptibility, 38 of the
44 strains tested were found to be sensitive, and 6 strains were found to be sensitive at
high doses ; it should be pointed out that the breakpoint values and the antibiotic tested
on the antibiogram for the fluoroquinolones varied greatly over the study period for the
study in the 2 centres.

Data on antibiotic treatment are displayed on Table 3. The median duration of antibiotic
treatment was 89.5 days (12-13 weeks). It did not differ significantly according to the type
of surgery, with a median duration of 86.5 days for DAIR, 89.5 days for 1-stage prosthesis
changes, and 83 days for 2-stage changes (p-value= 0.399). The median duration of IV
treatment was 10 days, and of oral treatment 76 days (10-11 weeks). 80.4% of patients
received a postoperative IV treatment. Regarding oral treatment, 19 patients (33.9%)
were treated with a dual antibiotic therapy. 87.5% of patients were treated for at least 7
days with clindamycin, 28.6% with rifampicin, 16.1% with amoxicillin, and 12.5% with a
fluoroquinolone (levofloxacin or ofloxacin). More data about rifampicin dual therapy is
available in supplementary table 3. The median follow-up time was 442.5 days, and after
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excluding 5 patients who had follow-up times of less than 6 months, the median was 468

days.
Table 3 : Antibiotic data of the 56 patients and in function of the joint, Shoulder vs lower limb

All patients Shoulder Hip (19) and Knee (10) P-Value
Total 56 27 29
Antibiotic data :
Number of IV treatment® n, % 45 (80.4%) 22 (81.5%) 23 (79.3%) >0.999
IV antibiotics duration In day (median, IQR) 10 (7 ;15) (N=46) 10 (7 ; 14.5) (N=23) 10 (7.5 ; 15) (N=23) 0.658
PO antibiotics duration In day (median, IQR) 76 (55.75 ; 90.25) 75 (53.5 ; 90) 77 (61 ; 91) 0.838
Total antibiotics duration In day (median, IQR) 89.5 (69 ; 99.25) 87 (68 ; 98) 90 (71 ; 100) 0.768
Clindamycin >7 days n, % 49 (87.5%) 22 (81.5%) 27 (93.1%) 0.244
Rifampicin >7 days n, % 16 (28.6%) 10 (37.0%) 6 (20.7%) 0.24
Amoxicilin >7 days n, % 9 (16.1%) 5 (18.5%) 4 (13.8%) 0.725
Fluorouinolone >7 days® n, % 7 (12.5%) 5 (18.5%) 2 (6.9%) 0.244
Dual therapy >7days n, % 19 (33.9%) 12 (44.4%) 7 (24.1%) 0.159
Follow up time In day (median, IQR) 442.5 (314.5 ; 925) 369 (233 ; 917) 462 (349 ; 916) 0.512
Follow up time (>6 month)® In day (median, IQR) 468 (346.5 ; 967.0) 458 (333.75 ; 983.75) 468 (357.5 ; 934) 0.699

N’ N=51 N=24 N=27

Abrevation : IQR, interquartile ratio ; 1V, intravenous ; PO, oral

“Numbers of patients that receive a intravenus antibiotic treatment just after the surgery, other patients receive no treatment (most of the time its due to a diagnosis after the surgery)

bFluoroquinolone treatment include ofloxacin and levofloxacin
“patient with a folow up period for less than 6 month were exclued
“number of patient on witch the analyse was done (5 patients exclued for a folow up of less than 6 month)

Failure analysis

The failure rate was calculated after excluding the 5 patients with less than 6 months
follow-up (i.e. in 51 patients). In each case, this lack of follow-up was related to transfer
to a different hospital. Overall, there were 15 failures (29.4%). Failure occurred under
antibiotic treatment in 5 of the 15 patients (33.3%) and after completion of antibiotic
treatment in 10 patients (66.7%). The median time to failure was 153 days (IQR =78;
379.5). Of the 51 patients, 29 (59.2%) had persistent pain at the end of follow-up,
including 14 of the 15 failures (93.4%).

Of the failures, 13 (86.6%) were re-operated and had a bacteriology sample. Finally, of
the 15 failures, only 4 (26.6%) were relapses (due to C. acnes), and 9 (60%) were new
infections (due to another germ). In two patients, microbiological samples were negative,
but infection was attested by the presence of a fistula. Relapses were all monomicrobial
and among new infections, C. acnes was never associated with the isolated germs. 8
were monomicrobial and 1 was plurimicrobial (with 3 digestive germs). Bacteriological
documentation of failures are available in Supplementary tables 1 and 2.

Table 4 : Failure data of of the 51 patients whith a folow up >6 month and in function of the joint, Shoulder vs lower limb

All patients Shoulder Hip (17) and Knee (10) P-Value

Total 51 24 27

Failure data :

Overall failure n, % 15(29.4%) 5 (20.8%) 10 (37.0%) 0.235
Failure during AB treatment  n/N, % 5/15 (33.3%) 0/5(0.0%) 5/10(50.0%) 0.101
Failure after AB treatment stop n/N, % 10/15 (66.7%) 5/5(100.0%) 5/10(50.0%) 0.101
Relapse n, % 4 (7.8%) 4 (16.7%) 0 (0.0%) 0.043
New infection n, % 9 (17.7%) 1 (4.2%) 8 (29.6%) 0.026
Failure without microbiology  n, % 2 (3.9%) 0 (0.0%) 2 (7.4%) 0.492
Time to failure® In day (median, IQR) 153 (78 ; 379.5)N=15 453 (235 ; 518)N=5 114 (49.75 ; 174)N=10 0.075
Pain at the end of folow up n, % 29 (59.2%) 13 (54.2%) 16 (64.0%) 0.682

Abrevation : IQR, interquartile ratio ; AB, antibiotic.
“Number of days between the revision surgery and the diagnosis of failure.

Comparison between upper and lower limb prostheses: (shoulder
implant vs. hip implant + knee implant)

Of the 51 patients, 27 had an infection on a shoulder implant (SlI), and 29 on a lower limb
implant (LLI).
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Shoulder infections were more frequent in patients recruited in Montpellier due to the
expertise of a surgical team in this hospital. There were no difference in clinical
characteristics except for a higher proportion of men in Sl infections.

Pain was significantly more frequent in LLI infections. Classification and surgical
management of infection were not different according to the affected joints except for a
trend to a higher frequency of late PJlI when S| was affected. There was no significant
difference in bacteriological data. There were non-significant trends for some antibiotic
regimens, with more rifampicin in the SI group (37.0% vs. 20.7%), more fluoroquinolones
in the Sl group (18.5% vs. 6.9%), and more dual therapy in the S| group (44.4% vs.
24.1%).

Globally, failure were less frequent for infections on S| with 5/24 (20.8%) failures versus
10/27 (37.0%) for infections on LLI but this difference was not statistically different (P-
value=0.235). Relapses were significantly more frequent in shoulder infections while,
reciprocally, new infections were significantly more frequent in lower limb infections.

Factors associated with failure

In bivariable analyses of factors associated with the risk of failure (Table 5 and Figure 1),
only acute infections were significantly associated with more failures, with 5/8 (62.5%)
versus 10/43 (23.3%) of chronic infections (P-value=0.039). However, some trends
should be noticed, especially in terms of clinical characteristics, with less failures when
the only symptom presented was pain (13.3% vs. 36.1%), more failures when the
prosthesis was inflammatory (50% vs. 21.6%), when a fistula was present (43.8% vs.
22.9%), or when the CRP was >50mg/L (60% vs. 28.5%), but without significance.

There was no difference for infections diagnosed retrospectively. There was a trend for
DAIR to be more frequently associated with failure (50% vs. 25.6%). Concerning antibiotic
therapy, dual therapy was not significantly associated with the risk of failure, despite a
lower number of failures with 17.6% vs. 35.3% (P-Value=0.328). There was no significant
difference according to the different antibiotic regimens, with no difference for clindamycin
14/45 (31.1%), rifampicin 3/15 (20%), amoxicillin 1/8 (12.5%) and fluoroquinolones: 1/6.
(16.7%).
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Table 5 : Factors influencing treatement failure

a

Failure rate if true Failure rate if Wrongh ODD-ratio Cl P-Value
A) General patient information
Female gender 6/17 (35.3%) 9/34 (26.5%) 1.52 [0.43;5.3] 0.532
Age >65 years 10/28 (35.7%) 5/23 (21.7%) 2 [0.57 ; 7.03] 0.36
Age >75 years 5/12 (41.7%) 10/39 (25.6%) 2.07 [0.53; 8.02] 0.302
Renal insufficiency (CrCl <60 mL/min) 3/6 (50.0%) 12/45 (26.7%) 2.75 [0.49 ; 15.53] 0.343
BMI>25 kg/m® 12/32 (37.5%) 3/19 (15.8%) 3.2 [0.77 ; 13.32] 0.123
BMI>30 kg/m? 2/7 (28.6%) 13/44 (29.6%) 0.95 1[0.16 ; 5.56] p>0.999
Active smokers 3/8 (37.5%) 12/40 (30.0%) 1.4 [0.29 ; 6.82] 0.692
Active smokers and Former quitters 8/17 (47.1%) 7/31 (22.6%) 3.05 [0.85 ; 10.86] 0.108
Diabetes mellitus 2/8 (25.0%) 13/43 (30.2%) 0.77 [0.14; 4.33] p>0.999
Previous surgery 11/36 (30.7%) 4/15 (29.4%) 1.21 [0.31; 4.65] p>0.999
Previous surgery including prosthesis 7121 (33.3%) 8/30 (26.7%) 1.38 [0.41; 4.64] 0.757
History of cured infection 0/8 (0.0%) 15/43 (34.0%) 0.087
B) Clinical presentation
Shoulder 5/24 (20.8%) 10/27 (37.0%) 0.45 [0.13; 1.57] p=0.235
Hip 7117 (41.2%) 8/34 (23.5%) 2.27 [0.65 ; 7.94] p=0.211
Knee 3/10 (30.0%) 12/41 (29.3%) 1.04 [0.23; 4.69] p>0.999
Acute (vs chronic) 5/8 (62.5%) 10/43 (23.3%) 5.5 [1.11; 27.15] p=0.039
Early (vs late) 11/35 (31.4%) 4/16 (25.0%) 1.38 [0.36 ; 5.24] p=0.749
Fistula 7/16 (43.8%) 8/35 (22.9%) 2.62 [0.74 ;9.29] p=0.187
Inflammatory sign 7/14 (50.0%) 8/37 (21.6%) 3.62 [0.98 ; 13.4] p=0.083
Pain 14/46 (30.4%) 1/5 (20.0%) 1.75 [0.18;17.1] p>0.999
Isolated pain 2/15 (13.3%) 13/36 (36.1%) 0.27 [0.053; 1.4] p=0.177
Luxation 1/6 (16.7%) 14/45 (31.1%) 0.44 [0.047 ; 4.15] p=0.657
Haematoma 1/4 (25.0%) 14/47 (29.8%) 0.79 [0.075 ; 8.22] p>0.999
CRP >50 mg/L 6/10 (60.0%) 6/21 (28.6%) 3.75 [0.77 ; 18.21] p=0.127
C) Surgery data
DAIR (vs explantation surgery) 4/8 (50.0%) 11/43 (25.6%) 291 [0.62 ; 13.65] p=0.213
Not programmed surgery 2/6 33.3%) 13/45 (28.9%) 1.23 [0.2; 7.56] p>0.999
Diagnosis after surgery 4/15 (26.7%) 11/36 (30.6%) 0.83 [0.22; 3.18] p>0.999
D) Anthibiotic data
Oral antibiotic >6 week 12/44 (27.3%) 3/7 (42.9%) 0.5 [0.097 ; 2.57] p=0.406
Total antibiotic >12week 9/29 (31.0%) 6/22 (27.3%) 1.2 [0.35; 4.08] p>0.999
Intra-venous antibiotic 12/41 (29.3%) 3/10 (30.0%) 0.97 [0.21; 4.37] p>0.999
Dual therapy 3/17 (17.7%) 12/34 (35.3%) 0.39 [0.094 ; 1.64] p=0.328
Amoxicilin >7 days 1/8 (12.5%) 14/43 (32.6%) 0.3 [0.033; 2.64] p=0.409
Clindamycin >7 days 14/45 (31.11%) 1/6 (16.7%) 3.07 [0.54 ; 17.37] p=0.244
Rifampicin >7 days 3/15 (20.0%) 12/36 (33.3%) 0.5 [0.12;2.12] p=0.503
Fluoroquinolone >7 days 1/6 (16.7%) 14/45 (31.1%) 0.44 [0.047 ; 4.15] p=0.657

Abrevation : ClI, confidence interval ;CrCl, creatinine clearance BMI, body mass index ; CRP, C reactive protein ; DAIR, Debridement, antibiotics and implant retention.
#This column includes all patients who satisfy the condition in the corresponding line. Example for the first line : there are 3 failures among the 17 women.
°This column includes all patients who do not satisfy the condition in the corresponding line. Example for the first line : there are 9 failures among the 34 men.

There was no difference between survival distributions according to the affected joint (Sl
vs ILM) (p=0.163). At 2 years, the global failure-free survival was 79.2% (95% CI: 57.0-
90.8) for shoulder PJI and 66.7% (95% CI: 45.7-81.1) for lower limb PJI. (Figure 2A)

There was no difference between survival distributions according to the affected joint
(shoulder, knee, and hip (p=0.275). At 2 years, the global failure-free survival was 79.2%
(95% CI: 57.0-90.8) for shoulder, 70.0% (95% CI: 32.9-89.2) for knee and 58.2% (95%
Cl: 31.7-77.5) for hip. (Figure 2B)

There was no difference between survival distributions according to surgical strategy
(explantation vs DAIR) (p=0.106). At 2 years, the global failure-free survival was 76.7%
(95% CI: 61.1-86.7) for explantation and 50.0% (95% CI: 15.2-77.5)_for DAIR. (Figure
2C)
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Figure 1 : factors associated with overall failure : Odds-ratios with confidence interval presented in forest plot models.

A) Failure-associated factors : general patient information. B) Failure-associated factors : clinical presentation.
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Figure 2 : Time to treatment failure according joint the surgical strategy : Kaplan-Meier curve of
patients between shoulder and lower limb (2A), Each joint (2B) and surgical strategy (2C).
PJI : prosthefic joint infeciion
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There was no significant difference between survival distributions according to the
presence or not of a fistula (p=0.109) but a trend to a higher risk of failure when a fistula
was present. At 2 years, the global failure-free survival was 62.5% (95% CI: 34.9-81.1))
when a fistula was present and 77.1% (95% CI: 59.5-87.9) when not. (Figure 3A)

There was a significant difference between survival distributions according to the
presence or not of local inflammatory signs (p=0.0338). At 2 years, the global failure-free
survival was 50.0% (95% CI. 22.9-72.2) when inflammatory signs where present and
81.1% (95% CI: 64.4-90.5) when not. (Figure 3B)

There was no significant difference between survival distributions according to the CRP
level (with a cut off of 50mg/L) (p=0.0516) but a trend to a higher risk of failure when CRP
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was high. At 2 years, the global failure-free survival was 40.0% (95% CI: 12.3-67.0) when
CRP was > 50mg/L and 76.2% (95% CI: 51.9-89.3) when CRP was < 50mg/L. (Figure
3C)

There was a significant difference between survival distributions according to the duration
of infection (Acute vs Chronic) (p=0.00415). At 2 years, the global failure-free survival
was 42.9% (95% CI: 9.8-73.4) for acute infection and 79.1% (95% CI: 63.6-88.5) for
chronic Infection (Figure 3D)

Figure 3 : Time to treatment failure according to clinical presentation: Kaplan-Meier curve of patients
according to clinical presentation with : fistula (3A), Inflammatory sign (3B), CRP level (3C), and type of
infection (3D)

PJI : prosthetic jointinfection, CRP : C reactive protein.
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There was no difference between survival distributions according to the use of rifampicin
or not (p=0.355). At 2 years, the global failure-free survival was 80.0% (95% CI: 50.0-
93.1) when treated by rifampicin and 69.4% (95% CI: 51.7-81.8) when not treated by
rifampicin. (Figure 4A)

There was no difference between survival distributions according to the use of amoxicillin
or not (p=0.31). At 2 years, the global failure-free survival was 87.5% (95% CI: 38.7-98.1)
when treated by amoxicillin and 65.7% (95% CI. 48.4-78.4) when not treated by
amoxicillin. (Figure 4B)

There was no difference between survival distributions according to the use of a
fluoroquinolone or not (p=0.452). At years, the global failure-free survival was 83.3%
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(95% CI: 27.3-97.5) when treated by fluoroquinolone and 71.1% (95% CI: 55.5-82.1)
when not treated by fluoroquinolone. (Figure 4C)

There was no difference between survival distributions according to the use of
clindamycin or not (p=0.531). At 2 years, the global failure-free survival was 75.6% (95%
Cl: 60.2-85.6) when treated by clindamycin and 83.3% (95% CI. 27.3-97.5) when not
treated by clindamycin. (Figure 4D)

Figure 4: Time to treatment failure according to antibiotic regimen: Kaplan-Meier curve of patients according to
antibiotic regimen : rifampicin (4A), amoxicillin (4B), Fluoroguinolone (4C), Clindamycin (40). Only antibictics used for
more than 7 days were included.
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Safety of antibiotic treatment

There were 11 adverse events (AE) for 58 lines of different antibiotic treatment (Table 6).
There was no statistical difference between each antibiotic regimen. Most of AE were
digestive. 8 were grade 1 or 2 and 3 were grade 3 according to the Common Terminology
Criteria for Adverse Events (CTCAE) Version 5.0. There was 3 cases of antibiotic change
for adverse events.

Table 6 : Antibiotic-related adverse events (AE)

Number of AE P-value AE grade 1 ou2 AE grade 3 change for AE?
All treatement 11/58 (18.9%) - 8/58 (13.8%) 3/58 (5.2%) 3/58 (5.2%)
Clyndamicin based regimen 8/45 (17.8%) 0.696 5/45 (11.1%) 3/45 (6.6%) 2/45 (4.4%)
Fluoroquinolone based regimenb 2/6 (33.3%) 0.318 2/6 (33.3%) 0/6 (0%) 1/6 (16.7%)
Amoxicillin based regimen 1/8 (12.5%) >0.999 1/8 (12.5%) 0/8 (0%) 0/8 (0.0%)
Rifampicin based regimen 5/14 (35.71%) 0.112 4/14 (28.6%) 1/14 (7.1%) 1/14 (7.14%)

#Change for adverse effect : change of antibiotic treatment motivated by a adverse effect with the first line of antibiotic.
PAll fluorouinolone regimen were associated with rifampicin.
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Discussion

Despite the small number of patients, our study points out that the clinical presentation
and outcome of shoulder PJI and lower limb C. acnes PJI seem to be different. ILM PJI
seem to occur earlier, more painfully with more acute presentations. Sl infections occur
more frequently in men, are more frequently late infections and are more frequently
associated with relapses. Failures tend to be more frequent in ILM infections and are
more frequently new infections. Globally, the rate of failure in PJI infections is high, almost
30%, and is associated with presence of a fistula and local and general inflammation and
with DAIR but not with antibiotic treatment.

An observational study based on NHS data in England that included more than 50 000
primary shoulder replacement noticed that 72% of the patients were women [20], this
study showed a global higher risk of implant revision, septic or not, in men. The main
reason may be a stronger colonization of the shoulder by C. acnes in men compared to
women [4].

The diagnosis of C. acnes infection is not easy. The time to make the diagnosis tended
to be longer in the lower limb PJI despite having more acute presentation, possibly
because C. acnes infection is less suspected in lower limb. In some cases of our series,
C. acnes was already isolated in prior surgery and considered as a contaminant. This led
to a diagnosis more than two years after the first symptoms for some patients. To avoid
such delays, it is important to take systematic bacteriological samples and ensure that
they are negative at 15 days. Also, histopathological samples should be performed :
histopathological definition of bone and joint infection (BJI) is based on Mirra’s criterion
(= 5 polymorphonuclears per field in 5 high power fields) [21] but more recently, a study
show that the Plasma Cell Infiltration should be also considered for the diagnosis of
C.acnes PJI [22]. We did not include histopathological samples in our study because they
were rarely performed.

The fact that in our series the type of failure (relapse vs new infection) is significantly
different between upper and lower limp is very interesting. This difference is not due to
the surgical strategy, as it was very similar between the 2 groups with the same proportion
of DAIR. This difference may be due to the type of infection, with more early and acute
infection in the lower limb PJI. Another explanation may be the more frequent occurrence
of PJI on replacement implants in lower limb PJI. In our series the PJI occurred on Sl
replacement in 25.9% of the case, and on LLI replacement in 51.7%. There seems to be
more fistula in the lower limb failure also.

A potential cause of new infection is the inoculation of the new bacteria during the revision
surgery as a super-infection but this would not explain the difference between Sl and LLI.
Another hypothesis to explicate this high number of new infections in lower limb in our
series is that those presumed new germs were already there and were not identified
during the revision surgery. This hypothesis is carried by the fact that a lot of the new
infections occurred during the antibiotic treatment and occurred on joints with multiple
prior surgery, and most of the time more symptomatic PJI. Given this hypothesis and the
high number of new infections in the lower limb (29.63%), and the low number (4.16%) in
shoulder, the question is : should we focus the targeted antibiotic treatment only on C.
acnes when it is the solo microorganism identified in lower limb PJI ? Those data are too
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weak to make a conclusion, but more research should be done especially about the
incidence of new infection and relapse between those different joints.

The use of rifampicin has been identified as a possible protective factor against the
occurrence of failure, notably for its antibiofilm effect [11,14]. In our study, we did not find
any difference of rate of failure according to antibiotic regimens but numbers were low
and treatment heterogenous.

Some studies only take relapses into account in the causes of failure [10], which does not
necessarily correspond to what is observed in current practice. it is not uncommon for
new germs to be identified during failure, whatever the first germ involved. This can lead
to wrong conclusion about the best antibiotic regimen. Differences in type of failure should
thus be taken in consideration when analysing retrospective studies that include different
joints. The biggest retrospective study that try to identified the best regimen for C. aches
PJI didn’t stratify the analyses in function of the joints [14], despite the higher number of
shoulder PJI in the rifampicin group. This points out the difficulty for retrospective studies
to identify the best antibiotic regimen in regard of all the biases that need to be taken in
consideration. Of note, a prospective study will soon take place in France studying the
addition of rifampicin in shoulder C. acnes PJI.

Despite the small number of patients treated with amoxicillin in our study, it appears that
this treatment is a good option with a trend to a higher efficacy compared to clindamycin.
Unlike rifampicin, there are no studies looking at this particular treatment, which is used
by a lot of centres in France. Further studies are needed.

For the fluoroquinolones, in our study, they were always used in combination with
rifampicin, which complicates the analysis of the effect of each treatment. Moreover, half
of the patient in the fluoroquinolone group also received clindamycin before or after.

Concerning clindamycin in our study, more than half of the patients treated with other
therapy than clindamycin, also received clindamycin for more than 7 days at a moment
(before, with, or after), and therefore, we only have 6 patients who never received
clindamycin.

With those data, it's impossible to conclude which antibiotic is the best to cure C. acnes
PJI mostly because there was not enough patient in fluoroquinolone and amoxicillin to
make a strong analysis.

We report also a higher global rate of failure than most of other study [9, 10, 11, 14, 23].
It is possibly linked to the fact than most of those study didn’t not included LLI. But
therefore it's not the case of the biggest one [14] that include more LLI than SI and still
had a lower rate of global failure (around 20%). Also this study did not report the same
important rate of new infection despite including a lot of LLI. It's is possibly related to a
higher rate of “possible relapse without microbiology data” than can be new infection, but
still, it did not explain alone the difference. This difference on LLI rate and cause of failure
in our study can then just be random, further study a needed to confirm or infirm this data.

The main limitation of our study is thus a lack of power due to the low number of patients
and the heterogeneity of situations which preclude any solid conclusion except for the
type of failure. Moreover, due to the low number of patients, we had to analyse PJI of the
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knee and the hip together, which can lead to wrong conclusion as there are obviously not
the same joint.

Another limitation of our study is that we only excluded patients with a follow up of less
than 6 month and not 1 year for the failure analysis. We did not choose a cut-off of 1 year
for the follow-up, because a large number of patients, whose prostheses were
progressing very well, were not seen again by their surgeons. They were then instructed
to see their surgeons again if there were any problems. Many of them then had a follow-
up very close to 1 year, between 10 and 11 months. excluding these patients did not
seem relevant to us.

Another limitation of our study that should be considered is that there is a significant
difference of origin of recruitment between shoulder and lower limb PJI that can influence
greatly the outcome. In fact, it is possible that the risk of failure is influenced by the
experience of different surgeons, which are moreover not the same for upper and lower
limbs.

Conclusion
We enlighten the fact that C. acnes is not only a germ responsible of shoulder PJI, but
this microorganism should also be considered in pauci-symptomatic infections of the
lower limb. The type of antibiotic regimen does not seem to influence the outcome.
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Supplementary table 1: Infection characteristics of all failure cases with microbiological data (N=13) : New infection

City of Prior joint Moment of Time to failure
Microbiology Type of infection recrutement Joint replacement Symptoms Surgical strategy diagnostic Moment of failure diagnosis® Antibiotic regimen
w»m_u.:v\_on.omcm Chronic and late Montpellier Shoulder NO Pain and fistula TGRS EEE e (it il 127 Clindamycin +
epidermidis of prothesis surgery treatment rifampici
picin
Escherichia coli Chronic and early Nimes Hip NO _um_.? _3_MJBB_Q< N.wﬁwmm mﬂn:w:mm Before the After antibiotic 153
sign and fistula of prothesis surgery treatment Clindamycin
Staplylococcus capitis Acute and early Nimes Knee NO Pain “_..wm“mm mﬂo:m:mm BEEE D (i EnfiAeTs 181
of prothesis surgery treatment Clindamycin
Streptococcus mitis Chronic and early Nimes Knee YES _um_.? _:*_Md.amﬁ_oé N,mﬁwom mﬂn:m:@m Before the After antibiotic 306
sign and fistula of prothesis surgery treatment Clindamycin
w»m_u.”v\_omomcm Acute and early Nimes Hip YES Pain, _:ﬁ_.m_s:..mgo:\ DAR Before the During antibiotic 73
epidermidis ign surgery treatment Clindamycin
Escherichia coli 1-stage exchange During antibiotic
Enterococcus faecalis Acute and early Nimes Hip YES Pain, luxation : Qm Sﬁﬂmm_m 9 After the surgery u ﬁ_%mﬁim_:_ﬁ ! 19
Proteus mirabilis P Clindamycin
mﬁmm”v\_oomn.u:m it el sy NS Hip YES um.? _a_wdimﬁ_oa\ m.mem mﬂozm:mm Before the After antibiotic 145
epidermidis sign and fistula of prothesis surgery treatment Clindamycin
wﬁmng\_ogmcw Chronic and late Montpellier Knee YES Pain 1-stage mxn:m:@m After the surgery During antibiotic 83
epidermidis of prothesis treatment Clindamycin
Klepsiella pneumoniae Chronic and late Montpellier Hip YES Pain and fistula ZEEER mxn:w:mm EEEB e (DU ity 42
of prothesis surgery treatment Clindamycin

“time to failure diagnosis : time (in day) between the revision surgery and the diagnosis of failure.

Supplementary table 2: Infection characteristics of all failure cases with microbiological data (N=13) : Relapse and unknown germs

of prothesis

treatment

City of Prior joint Moment of Time to failure
Microbiology Type of infection recrutement Joint replacement Symptoms Surgical strategy diagnostic Moment of failure diagnosis Antibiotic regimen
Pain and Before the Aifter antibi LR S
Cutibacterium acnes Chronic and late Montpellier Shoulder NO . . DAIR 235 rifampicin switched
inflammatory sign surgery treatment .
for clindamycin
Cutibacterium acnes Chronic and early Montpellier Shoulder NO Pain 1-stage mxn:m:@m Before the After antibiotic 453 Clindamycin
of prothesis surgery treatment
Cutibacterium acnes Acute and early Montpellier Shoulder NO . PRI E . DAIR IDTilig) it (U EIRAT 518 Clindamycin
inflammatory sign surgery treatment
Cutibacterium acnes Chronic and early Nimes Shoulder NO No clinical sign 1-stage mxn:w:mm After the surgery After antibiotic 520 Clindamycin
S of prothesis treatment
X Unknown Acute and early Nimes Hip NO tm_A? a_m_‘:.:_mﬁoa\ DAIR BB e (DY) ENTLIS 27
e sign and fistula surgery treatment
n Unknown Chronic and early Montpellier Hip YES Pain and fistula 1-stage exchange After the surgery After antibiotic 963 Clindamycin

“time to failure diagnosis : time (in day) between the revision surgery and the diagnosis of failure.
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Supplementary table 3 : Antibiotic regimen in patient treated with and without rifampicin®

Rifampicin treated Not Rifampicin treated
Clindamycin 11/45 (24.4%) 34/45 (75.6%)
Fluoroquinolone 6/6 (100%) 0/6 (0%)
Amoxiciline 2/8 (25%) 6/8 (75%)
N=19"

®The treatment could be taken with or at a another moment than the rifampicin.

p value
0.054
<0.001
>0.999

®4 patients in clindamycin group receive also a fluoroquinolone associeted with rifampicin : including 3 primary

treated by a fluoroquinolone (before the clindamycin) and 1 secondary (after the clindamycin)
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Serment

» En présence des Maitres de cette école, de mes chers
condisciples et devant l'effigie d’Hippocrate, je promets
et je jure, au nom de I'Etre supréme, d’étre fidele aux lois
de l'honneur et de la probité dans l'exercice de la
médecine.

» Je donnerai mes soins gratuits a l'indigent et n’exigerai
jamais un salaire au-dessus de mon travail.

» Admis (e) dans l'intérieur des maisons, mes yeux ne
verront pas ce qui s’y passe, ma langue taira les secrets
qui me seront confiés, et mon état ne servira pas a
corrompre les moeurs, ni a favoriser le crime.

» Respectueux (se) et reconnaissant (e) envers mes
Maitres, je rendrai a leurs enfants l'instruction que j'ai
recue de leurs peres.

» Que les hommes m’accordent leur estime si je suis fidéle
a mes promesses. Que je sois couvert (e) d'opprobre et
meprisé (e) de mes confréres si j'y manque.

40



Résumé
Contexte : l'infection de prothése a Cutibacterium acnes est une infection survenant
majoritairement au membre supérieur, mais pas uniquement. Il n’existe pas ou peu de
données dans la littérature qui comparent les données cliniques et le taux d’échecs
entre les prothéses d’épaules (PE) et les prothéses du membre inférieur (PMI).

Méthode : Il s’agit d’'une étude comparative rétrospective et multicentrique portant sur
les infections de prothéses articulaires monomicrobienne a Cutibacterium acnes de
'épaule, du genou, et de la hanche survenue entre 2012 et 2022 au CHU de
Montpellier et de Nimes. Nous avons comparé les données cliniques et les taux
d’échecs entre les PE et les PMI. Nous avons aussi mené une analyse a la recherche
de facteurs prédictifs d’échecs notamment en fonction de I'antibiothérapie choisie.

Résultat : Nous avons inclus 56 patients, la douleur est significativement plus souvent
rapporté sur les PMI, il n’y avait pas de différence sur la stratégie chirurgicale. Il y avait
une tendance a utiliser plus de bithérapies pour traiter les PE (37.0%). Nous
rapportons un taux élevé d’échec et plus important pour les PMI 10/27 (37.0%) contre
5/24 (20.8%) pour les PE, mais de fagcon non-significative (P-value=0.235). Les
raisons de I'échecs semble différente avec significativement plus de rechute au méme
germe pour les PE (16.7% vs 0.0% P=0.043), et plus de nouvelles infections pour les
PMI (29.6% vs 4.2% P=0.026). Pour I'analyse des facteurs prédictifs d’échecs : un
tableau d’infection aigu est significativement associé a plus d’échecs. Nous manquons
de données pour conclure sur I'antibiothérapie.

Conclusion : La symptomatologie semble plus marquée sur les PMI. Il semblerait que
les échecs soient dus a des rechutes pour les PE et des infections a de nouveaux
germes pour les PMI.

Spécialité : Maladies infectieuses et tropicales

Mots clefs : Infection ostéoarticulaire, Cutibacterium acnes, prothéses articulaire.
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