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Background: Selecting an optimal antibiotic regimen for bone and joint infections (BJIs) is challenging due to
limited high-quality evidence. Although clindamycin is widely used as an alternative treatment for susceptible
microorganisms in combination therapy, its use as monotherapy is increasing. This study aimed to evaluate the
efficacy and safety of clindamycin monotherapy for BJI treatment.

Methods: A monocentric observational study was conducted using data from the Reference Centre for complex
BJI at our tertiary university hospital between 2014 and 2019. All adult patients with microbiologically confirmed
BJI receiving clindamycin after a multidisciplinary meeting were included. Patients infected with clindamycin
non-susceptible strains were excluded. Treatment failure was defined as relapse, treatment change or death
from any cause within 1 year. Associations between monotherapy and treatment failure were assessed using
multivariate logistic regression and inverse probability of treatment weighting (IPTW) analysis to adjust for
the propensity to receive monotherapy.

Results: A total of 137 patients were included, of whom 88 received clindamycin monotherapy. Overall, 41/137
treatment failures were observed (16/88 in the monotherapy group, 25/49 in the combination group).
Monotherapy was associated with fewer failures in both multivariate (OR=0.18; 95% CI, 0.07-0.46; P<0.001)
and IPTW-adjusted models (OR=0.36; 95% CI, 0.17-0.76; P=0.008). Patients treated with monotherapy pre-
sented with milder infections, less fever and lower Charlson comorbidity scores, with significantly lower baseline
C-reactive protein levels (102.6 versus 65.7 mg/L; P=0.006). Fewer adverse events were reported in the mono-
therapy group (4/88 versus 8/49, P=0.04).

Conclusions: Clindamycin monotherapy appears to be a reliable and safe therapeutic option for selected pa-
tients with less severe BJI.

Introduction

Bone and joint infections (BJIs) are a heterogeneous and complex
group of conditions with an increasing incidence, currently esti-
mated at 70 cases per 100000 inhabitants annually in
France.'™ Their management requires a multidisciplinary ap-
proach combining medical and surgical interventions, tailored ac-
cording to factors such as the duration of infection, anatomical

site, chronicity and the presence of foreign material.“ Despite ad-
vances in treatment, BJIs remain associated with a therapeutic
failure rate of approximately 20%, a mortality rate of 5%, and a
significant impact on quality of life in up to 40% of survivors.’
Consequently, BJIs represent a major public health concern
with substantial healthcare costs. To address these challenges,
France established a national network of reference centres for
complex BJI management (CRIOAc: Centres de Référence des
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Infections Ostéo-Articulaires complexes) in 2008. These centres
provide specialized care through multidisciplinary meetings
(MMs), and contribute to research and education in the field.”

Antibiotic therapy for BJIs is guided by microbiological find-
ings, with Staphylococcus spp. accounting for approximately
50.6% of cases.® First-line agents typically include B-lactams,
fluoroquinolones and rifampicin, often used in combination.
Clindamycin is recommended as a second-line agent or as an al-
ternative in cases of allergy, particularly for infections caused by
Staphylococcus, Streptococcus and anaerobic bacteria, regard-
less of the BJI type.”™

Clindamycin, a lincosamide antibiotic, exerts its antibacterial
effect by binding to the 50S ribosomal subunit, inhibiting protein
synthesis in aerobic Gram-positive and anaerobic organisms.*°
Its favourable pharmacokinetic profile—including 90% oral bio-
availability, excellent bone penetration'™'? and effective intra-
cellular activity against intraosteoblastic bacterial reservoirs®*—
makes it a valuable option in BJI treatment.**"!¢ These properties
have led to its increasing use, with clindamycin prescribed in
10.7% of BJIs managed within the CRIOAc,® often in combination
regimens.

However, concerns have been raised regarding its use in com-
bination with rifampicin, as recent studies have demonstrated a
significant reduction in clindamycin serum concentrations due
to hepatic enzyme induction by rifampicin.'”*® Despite this phar-
macokinetic interaction, clinical efficacy seems to be preserved,®
and the combination remains endorsed by French guidelines.”™®
Concurrently, antimicrobial stewardship efforts advocate for min-
imizing unnecessary antibiotic combinations to reduce resistance
development.

In real-life practice, combination therapy may not always be
feasible due to drug interactions or patient comorbidities.
Nevertheless, data on the efficacy and safety of clindamycin
monotherapy in BJI remain limited, with existing evidence largely
derived from older studies?® or subgroup analysis** that suggest
no increased risk of treatment failure.

The present study aimed to describe the use of clindamycin in
our BJI cohort, and to evaluate the efficacy of clindamycin mono-
therapy compared with combination therapy. Secondary objec-
tives included assessing treatment tolerance and identifying
risk factors associated with therapeutic failure.

Methods
Study design and population

This monocentric observational study was conducted using the cohort of
the Referral Centre for BJI (CRIOAc) of Tours University Hospital, France,
between 2014 and 2019. Eligible participants were adults (>18 years)
with a confirmed diagnosis of BJI, as validated during MMs. Diagnosis re-
quired a compatible clinical and radiological presentation, along with
positive microbiological findings—defined as either a positive blood cul-
ture or joint/surgical sample with at least two concordant isolates in
cases of potential contaminants. Inclusion was limited to patients for
whom an antibiotic regimen including clindamycin was recommended
during MMs.

Exclusion criteria comprised: (i) infections involving at least one bac-
terial strain resistant to clindamycin; (ii) patients who did not receive
any dose of clindamycin; (ii) patients followed up in another centre with-
out accessible outcome data; and (iv) patients who explicitly declined
participation.

Data collection

Eligible patients were identified from the local CRIOAc database, which
records all cases discussed during the weekly MM of the Referral Centre.
This database includes demographic characteristics, medical history, clin-
ical and microbiological data, and details of antimicrobial and surgical
management. Follow-up data, clinical outcome and adverse events
were not included in the CRIOAc database and were completed from
electronic patient records.

Outcomes

The primary outcome was the occurrence of treatment failure at 1 year
follow-up. This composite outcome was defined as: (i) modification of
antimicrobial therapy, (i) requirement for additional surgery due to per-
sistent or recurrent infection at the same site (based on clinical, microbio-
logical or radiological criteria), or (iii) death for any cause.

Secondary outcome was the occurrence of adverse events, including
gastrointestinal intolerance (nausea, vomiting, diarrhoea), Clostridioides
difficile colitis, hypersensitivity reaction, drug-induced hepatitis or renal
impairment.

Statistical analysis

All statistical analysis and tables were generated using R version 4.2.3 (R
Foundation for Statistical Computing; https:/www.R-project.org/) and
RStudio (v2023.3.0.0). Figures were generated using GraphPad Prism
(v8.0.2). Statistical significance was established at o=0.05. Continuous
variables were compared using Student’s t-test or the Wilcoxon rank-sum
test, as appropriate. Categorical variables were compared using the ¥
test or Fisher’s exact test. Logistic regression was used to identify factors
associated with treatment failure and adverse events. Variables with a P
value <0.30 in univariate analysis were included in multivariate models,?!
after assessing for potential interactions. Model selection was guided by
minimization of the Akaike information criterion.??

To address potential confounding, an inverse propensity of treatment
weighting (IPTW) approach was employed.?® The propensity score—
defined as the probability of receiving clindamycin monotherapy based
on baseline covariates—was estimated using variables listed in
Table S1 (available as Supplementary data at JAC-AMR Online). To check
the ability of IPTW to obtain well-balanced arms and thereby correct
for confounding, standardized differences between arms before and after
weighting were computed. A standardized difference <10% was consid-
ered as indicating successful balancing and was used as a target in the
construction of the propensity score, acknowledging that there was no
guarantee it would be achieved.

Results

Study population

From 2014 to 2019, 2131 patients were presented at MMs of our
CRIOAC for a suspected BJI. Among them, 252 patients received a
recommendation for clindamycin-based therapy, of whom 137
met the inclusion criteria. Exclusions included: 63 patients with
infections caused by at least one clindamycin-resistant organism,
22 with no microbiological identification, 27 who did not receive
clindamycin despite MM recommendation, and 3 patients lost to
follow-up due to care provided at another centre. Clindamycin
was administered orally at a dose of 600 mg three times a day
(or four times a day if BMI > 30 kg/m?), as an oral step-down after
an initial 7-10 day course of IV empirical therapy with a comina-
tion of piperacillin/tazobactam and linezolid. Of the 137 included
patients, 88 received clindamycin monotherapy (monotherapy
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group) and 49 in combination with at least one other antibiotic
(combination group) (Figure S1).

Patient characteristics

Patients were predominantly male (99/137, 72.3%), with a me-
dian age of 66 years (Table 1). They had multiple comorbidities,
with a median adjusted Charlson score of 6 (IQR: 5). Nearly half
of the patients were diabetic, 57/137 (41.6%) were active smo-
kers, and 48/137 (35%) reported excessive alcohol consumption.
Chronic alcoholic intoxication and severe liver disease were sig-
nificantly more prevalent in the combination group (respectively,
23/49 versus 25/88, P=0.04; and 9/49 versus 4/88, P=0.02).

Most infections (134/137) were localized to a single site, pri-
marily the lower limbs. Device-related infections were the most
frequent (84/137), with prosthetic joint infections (PJIs) account-
ing for over half (45/84). Diabetic foot infections were relatively
rare (9/137). The maqjority of cases were chronic infections
(101/137, 73.7%) defined as lasting more than 1 month, and
this infection was the first episode for 82 cases. At baseline,
C-reactive protein (CRP) levels were significantly higher in the
combination group (median: 102.6 mg/L versus 65.7 mg/L, P=
0.006) and fever was more frequent [25/49 (51%) versus 29/88
(32.9%)].

Staphylococcus aureus was the most commonly isolated
pathogen, in 81/137 (59.1%), followed by CoNS in 40/137
(29.2%) and Cutibacterium sp. in 20/137 (14.6%). Polymicrobial
infections were observed in 39/137 cases. All strains were suscep-
tible to clindamycin. Notably, CoNS exhibited resistance to eryth-
romycin, one by an efflux pump and the other by an inducible
MLS, phenotype. Both erythromycin-resistant strains were trea-
ted with clindamycin monotherapy.

Surgical intervention was performed in 127/137 (92.7%) pa-
tients, primarily debridement in 70/127 (55%), with implant re-
tention if an infected device was involved. All patients received
clindamycin-based therapy. In the combination group, the
most frequently co-administered antibiotics were fluoroquino-
lones (20/49) and rifampicin (14/49) (Figure 1). Forty-seven of
49 patients received dual therapy, whereas 2 received triple ther-
apy: clindamycin/fluoroguinolone/rifampicin and clindamycin/
penicillin/rifampicin. The median duration of treatment was 42
days.

Treatment outcome and risk factors for failure

After a mean follow-up of 438 days (SD: 415), 41 patients experi-
enced treatment failure: 31 clinical, 15 microbiological and 11
radiological failures. Treatment failure was significantly more fre-
quent in the combination group compared with the monotherapy
group: 17/49 (51%) versus 16/88 (18.2%); P<0.001.

Univariate analysis identified arterial occlusive disease (OR=
2.83; 95% (I, 1.11-7.29; P=0.03), chronic respiratory pathology
(OR=2.72; 95% (I, 1.13-6.53; P=0.02) and cirrhosis (OR=4.41;
95% CI, 1.37-15.51; P=0.01) as significantly associated with
treatment failure (Table 2). These associations were not
retained in multivariate and adjusted analysis. Malnutrition was
consistently  associated with treatment failure across
univariate (OR=6.53; 95% CI, 1.34-47.03; P=0.03), multivariate
(OR=11.83;95% (I, 1.61-118.87; P=0.02) and adjusted models
(OR=11.83;95% (I, 1.74-112.31; P=0.02).

Among baseline infection characteristics, CRP levels (OR=1.01;
95% (I, 1.00-1.01; P=0.008), and fever (OR=3.11; 95% (I,
1.47-6.71; P=0.003) were significantly associated with treatment
failure, though only fever remained significant in multivariate and
adjusted models.

Clindamycin monotherapy was strongly associated with a fa-
vourable outcome, with consistent results across multivariate
(OR=0.19; 95% (I, 0.06-0.51; P=0.001) and adjusted
(OR=0.18; 95% (I, 0.07-0.46; P<0.001) models. To further ex-
plore this association, an IPTW analysis was conducted to assess
the parameters and possible bias responsible for a patient to be
administered clindamycin in monotherapy instead of a combin-
ation regimen. The weighted population is described in
Table S2. Monotherapy remained significantly associated with
favourable outcomes in the IPTW model (OR=0.36; 95% (I,
0.17-0.76; P=0.008).

A subgroup analysis of common combination regimens (n> 3)
revealed no increased risk of failure with clindamycin/rifampicin,
whereas clindamycin/fluoroquinolone was associated with high-
er failure rates (Figure S2). A second subgroup analysis focused
on the 31 patients with PJIs treated with debridment, antibiotic
and implant retention (DAIR). Treatment failure occurred in 4/
20 (33%) of monotherapy patients and 8/11 (67%) of combin-
ation therapy patients (P=0.012).

Adverse events

Adverse events were reported for 12 patients, including hypersen-
sitivity reaction (n=5), gastrointestinal events (n=4)—including
two cases of colitis due to Clostridioides difficile infection—and
three acute renal failures. Adverse events were significantly
more frequent in the combination group [8/45 (16.3%) versus
4/88 (4.5%), P=0.04]. Monotherapy was associated with a re-
duced risk of adverse events in univariate analysis (OR=0.24;
95% (I, 0.06-0.82; P=0.03) (Table 3), though this association
was not confirmed in multivariate or IPTW models.

Discussion

Clindamycin is an antibiotic widely used in the management of
BJI, particularly in combination regimens. To our knowledge,
this study is the first to specifically compare clindamycin mono-
therapy with combination therapy with another antibiotic for
the treatment of BJI, demonstrating its reliable safety profile, in-
cluding for device-associated infections. In addition, a monother-
apy regimen appears to be better tolerated than the combination
regimen with fewer adverse events.

Despite an overall failure rate of approximately 30%, consist-
ent with previous reports,* failure was markedly more frequent in
the combination group, exceeding 50%. This discrepancy may re-
flect the greater clinical complexity of patients in the combin-
ation group. Compared with prior CRIOAc network data,® our
cohort exhibited a higher prevalence of comorbidities known to
increase the risk of treatment failure, including chronic kidney dis-
ease (25.5% versus 8.3%), diabetes (46.7% versus 18.3%), to-
bacco use (41.6% versus 9.7%) and immunodeficiency (19.7%
versus 5.1%). These factors may have influenced the decision
to prescribe clindamycin, particularly in patients for whom
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Table 1. Baseline characteristics of patients and BJI episode®

In combination (n=49) Monotherapy (n=88)

Total (hn=137)

P value

Demographics
Sex (male)

Age, median (IQR), y

Medical history

Charlson score, median (IQR)
Chronic kidney failure, eGFR< 60 mL/min
Chronic heart failure

Ischaemic heart disease

Arterial occlusive diseases

Stroke
Hemiplegia/paraplegia/quadriplegia
Dementia

Obesity (BMI> 30 kg/m?)
Malnutrition

Chronic respiratory pathology
Cirrhosis stage B or more

Diabetes mellitus

Malignant neoplasm
Haematological malignancy
Immunodeficiency

Uncontrolled HIV infection or HIV infection with CD4
cell counts <200/pL

Inflammatory rheumatism

Active smoking habit

Chronic alcoholic intoxication
History of Clostridioides colitis

Characteristics of infection

Number of different sites

Mono- (1)

Oligo- (2-3)

Poly- (>3)
Site of infection

Axial

Lower limbs

Upper limbs

Multiple sites
Diabetic foot-related infection®
Arthritis®
Osteitis®
Device-related infection®

Of which: prosthetic joint infection
Type of prosthesis

Knee

Hip
Chronic infection
First episode of infection
C-reactive protein, median (IQR), mg/L
Fever
Microbiological identification
Polymicrobial infection
Staphylococcus aureus
Coagulase-negative staphylococci
Group A streptococci

99 (72.3)
66.0 (21.0)

5.00)
25.5)
0(29.2)
12.4)
16.1)
10 9)
)

8 (5.

8(

(73 7)
2 (59.8)
(100)
4 (39.4)
28.5)
59.1)
29.2
5)

(
(
(29.2)
(1.

0.97
0.36

0.08
0.68
0.48
>0.99
0.51
0.94
0.49
0.53
0.83
0.99
0.20
0.02*
>0.99
0.82
>0.99
>0.99
0.60

0.90

0.14

0.04*
>0.99

0.37

0.91

0.61
0.20
>0.99
0.35
0.33
0.90

0.58
0.76
0.006*
0.06

0.57
>0.99
0.64
0.24

Continued
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Table 1. Continued

In combination (n=49) Monotherapy (n=288) Total (n=137) P value
Group B streptococci 1( 2 (2.3) 3(2.2) >0.99
Other streptococci 2 (4.18) 9 (10.2) 11 (8) 0.35
Cutibacterium sp. 5(10.2 15(17.1) 20 (14.6) 0.40
Other anaerobes 4 (8.2) 2(2.3) 6 (4.4) 0.24
Other bacteria 2 (4.1) 3 (3.4) 5(3.7) >0.99

Treatment and outcome

Surgery 45 (91.8) 82 (93.2) 127 (92.7) >0.99
Duration of treatment, median (IQR), d 42 42 (3) 42 (3) 0.25

Failure 25 (51) 16 (18.2) 47 (29.9) <0.001*
Clinical failure 17 (34.7) 14 (15.9) 31 (22.6) 0.02*
Microbiological failure 9 (18.4) 6 (6.8) 15 (10.9) 0.07
Radiological failure 7 (14.3) 4 (4.5) 11 (8) 0.09
Adverse events 8 (16.3) 4 (4.5) 12 (8.8) 0.04*
Gastrointestinal event 3(6.1) 1(1.1) 4 (2.9) 0.26
Of which: Clostridioides difficile colitis 2 (4.18) 0 (0) 2 (1.5) 0.24
Allergy 3(6.1) 2(2.3) 5(3.6) 0.50
Acute renal failure 2 (4.1) 1(1.1) 3(2.2) 0.60

eGFR, estimated glomerular filtration rate.
°All values are n (%) except where noted.

bPatients with multisite infections were counted more than once for each infected site.

“Statistically significant with P value <0.05.

25+

20+

Figure 1. Treatment associated with clindamycin for patients treated in
combination regimen. Forty-seven patients were treated with a combin-
ation of two antibiotics. Two patients were treated with a combination of
three antibiotics: clindamycin/fluoroquinolone/rifampicin and clindamy-
cin/penicillin/rifampicin. BLI, B-lactamase inhibitor.

first-line agents were contraindicated due to drug interactions or
organ dysfunction.

As with all retrospective studies, confounding by indication re-
mains a concern. Patients treated with a combination regimen
exhibited slightly higher rates of comorbidities compared with

those receiving monotherapy, especially for chronic liver disease
and chronic alcohol intoxication. Furthermore, the combination
group faced more severe and complex infections, as evidenced
by significantly higher CRP levels, a trend of higher incidence of fe-
ver, and lower occurrence of upper limb infections. To address
this, we conducted an IPTW analysis, which confirmed the ro-
bustness of our findings: clindamycin monotherapy remained
significantly associated with favourable outcomes.

Another factor potentially contributing to the high failure rate
in the combination group was the relatively short treatment dur-
ation. In our cohort, the median treatment length was 42 days,
regardless of the presence of a foreign device. The DATIPO Trial
demonstrated a higher failure rate in PJIs treated for 6 weeks
compared with 12 weeks, with a difference in the risk of persist-
entinfection (6 week group versus 12 week group) of 8.7 percent-
age points (95% CI, 1.8-15.6).%*

Our results align with earlier studies supporting the efficacy of
clindamycin monotherapy. Pontifex and McNaught?© first de-
scribed monotherapy of clindamycin in BJI with a case series of
12 patients with only 2 treatment failures, 5 successes with se-
quelae and 5 complete successes. These patients were treated
with doses lower than those used nowadays: 150 mg four times
a day versus 600 mg three or four times a day in our study. Later,
these data were confirmed in a rabbit model of osteitis caused by
S. aureus® and treated with clindamycin in monotherapy. The
cure rate of this model was 84%. Courjon et al.** published a co-
hort study on clindamycin-based treatment for BJI. In this cohort
of 133 patients, only 15 patients received clindamycin in mono-
therapy, and no significant differences were found for treatment
failure. In vitro studies have demonstrated clindamycin’s potent
intracellular bactericidal activity against S. aureus, with a
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reduction of 5.2 logyg cfu/10°cells, and hence it could constitute
an effective treatment for BJI on its own."?

More recently, a study comparing rifampicin-based therapy
with a short-term (5 day) rifampicin regimen followed by clinda-
mycin monotherapy for PJI managed with DAIR demonstrated
comparable or even superior efficacy for the clindamycin-based
regimen, achieving a 91% cure rate.?® The role of rifampicin in
these infections has been increasingly debated: whereas some
studies support its use in combination therapy, particularly in
S. aureus PJI treated with DAIR, recent meta-analyses have
failed to confirm its benefit across all pathogens?’ and report
only a marginal improvement in success rates for S. aureus
PJI1.?® These findings are consistent with our subgroup analysis,
which supports the efficacy of clindamycin monotherapy in
DAIR-managed PJI.

The similar efficiency or even superiority of monotherapy
could be explained by fewer adverse events and most important-
ly by fewer drug-drug interactions. As in our study, a study look-
ing at the occurrence of adverse events during treatment of BJI
described only a few adverse events under clindamycin and
macrolide group treatment.” Drug-drug interaction with clinda-
mycin is well documented, especially with rifampicin in combin-
ation. Induction of CYP3A4 by rifampicin is responsible for a
major increase in clindamycin’s clearance and reduction of its ex-
posure in BJI.>° The clinical impact of this interaction is not clearly
identified but could result in clinical failure, which was not con-
firmed in our study. Recent pharmacokinetic data suggest that
IV administration of clindamycin may mitigate the reduction in
drug exposure caused by rifampicin-induced CYP3A4 activation,
potentially preserving therapeutic levels.>! Although this route
could represent a viable alternative when no other antibiotic op-
tions are suitable, clinical outcome data are still lacking and are
needed to confirm the efficacy of this strategy.

Conclusions

Clindamycin monotherapy appears to be a safe and effective
treatment alternative for less severe BJI (CRP<100 mg/L, ab-
sence of fever) in patients with fewer comorbidities (e.g. lower
Charlson score, no chronic liver disease). These findings support
the use of clindamycin as a standalone therapy in appropriate
clinical contexts and highlight the need for prospective trials to
confirm its efficacy and safety.
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