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Abstract Clindamycin has high bioavailability together with
good diffusion in bone tissue and could represent an alterna-
tive antibiotic compound for the treatment of bone and joint
infections (BJIs). However, data regarding the efficacy and
safety of clindamycin for BJIs are limited. A monocentric
cohort study based on our medical dashboard, which prospec-
tively recorded 28 characteristics for all hospitalized patients
since July 2005, was performed. BJIs were selected, and then,
all mono-microbial BJI managed with clindamycin-based
therapy were included. Remission was defined as the absence
of clinical and/or microbiological relapse after treatment. The
duration of follow-up without relapse was determined retro-
spectively using computerized medical records. For 10 years,
196 BJIs, of which 80 (41%) were device-associated infec-
tions, were treated with clindamycin-based therapy. The bac-
terial causative agent was Staphylococcus aureus in 130 cases
(66%), coagulase-negative staphylococci in 29 cases (15%),
streptococci in 31 cases (16%) and other bacteria in 6 cases
(3%). When used in combination therapy, clindamycin was
mainly paired with fluoroquinolones (31%) or rifampin
(27%). The mean duration of clindamycin treatment was
7.4 ± 3.2 weeks (range, 1–24). An AE was recorded for 9
(4.5%) patients. Remission was recorded for 111 (57%) pa-
tients, with a mean duration of clinical follow-up of
28 ± 24 months. Treatment failure occurred in 22 (11%)

patients, 50 patients (25%) were lost to follow-up, and 8
(4%) required long-term suppressive therapy. Among the as-
sessable patients, clindamycin-based therapy was efficient in
111/133 cases (83%) and thus represents a reliable and safe
alternative treatment option.
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Introduction

Community-acquired bone and joint infections (BJIs) are fre-
quent, especially septic arthritis and pyogenic vertebral oste-
omyelitis (PVO) as well as bone infections resulting from
pressure ulcers [1]. Additionally, an increasing number of pa-
tients currently benefit from joint prostheses due to aging,
trauma and improved surgical techniques. However, BJI
may complicate orthopaedic surgery, even without device im-
plantation [2, 3]. The main pathogen involved in these BJIs in
humans is Staphylococcus aureus, followed by coagulase-
negative staphylococci and Streptococcus spp. Other bacteria
from the skin bacterial flora have also been implicated in sur-
gical infections, especially Propionibacterium acnes [4].

Several guidelines have been published regarding the use
of antibiotic therapy in conjunction with surgery when neces-
sary [5, 6]. These recommendations provide quite similar ad-
vice; for BJI caused by Staphylococcus spp., the assumed best
treatment choice is combination therapy with a fluoroquino-
lone + rifampicin. However, adverse effects (AEs) are fre-
quent because BJI require high doses of antibiotic and
prolonged treatment durations [5–7].

We reported that between 20 and 30% of patients may
present an AE related to antibiotic therapy for BJIs [8–10].
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Thus, the search for alternative antibiotic therapies for patients
with BJIs is of great clinical significance.

Clindamycin, a derivative of lincomycin, is an old antibi-
otic with excellent in vitro activity against most strains of
Staphylococcus aureus [11]. Clindamycin diffuses well into
bone, reaching good bone concentrations [12, 13]. To date,
only a few clinical studies have examined the efficacy of
clindamycin in treating human bone infections [14–16],
which, in addition to its poorly estimated safety, prevents this
antibiotic compound from being recommended in the national
treatment guidelines. Therefore, our aim was to report our
experience with a large cohort of patients with BJIs for whom
antibiotic therapy included clindamycin.

Methods

Selection and characterization of patients

We conducted an observational study at the Nice Teaching
Hospital, a tertiary care centre with only one infectious dis-
eases department. This study was based on data collected
through our medical dashboard beginning in July 2005.

Our medical database integrates 28 parameters for all hos-
pitalized patients, including clinical diagnosis, microbiologi-
cal information, antibiotic therapy, AEs and outcome [17].

We selected all of the recorded cases of BJI (septic arthritis,
osteomyelitis and PVO) through June 2016 to characterize the
patients treated with clindamycin that were adults and had a
BJI diagnosis regardless of the mechanism involved. Chronic
bone infection was defined as a history of disease >1 month.

In our practice, BJI diagnoses are made based on bone
biopsy results that are obtained through invasive procedures
or abscess drainage via radiological or surgical means.

BJI were defined as healthcare-associated (HA) if the diag-
nosis was established ≥48 h after hospital admission,≤ 30 days
after surgery or within 1 year after surgery involving foreign
material implantation. In all other cases, the bone infections
were classified as community-acquired (CA).

Clindamycin was mostly prescribed in a combination ther-
apy, the approach indicated by the national recommendations
for Staphylococcus spp. BJI. For Streptococcus spp. and other
susceptible bacteria, a single agent is suggested. The standard
first combination therapy is levofloxacin + rifampicin, but due
to frequent AEs, we recommend clindamycin as the first al-
ternative. These antibiotics were always administered via the
enteral route, with dosage variations for body weight: ≤ 70 kg,
750 mg of levofloxacin once a day +1800 mg of clindamycin/
day, and >70 kg, 500 mg of levofloxacin twice a day
+2400 mg of clindamycin/day. Rifampicin was prescribed at
20 mg/kg/d without exceeding 1200 mg/day. Our protocol
suggests 6 weeks of antibiotic treatment for osteomyelitis,
PVO, device-related septic arthritis, and 3 weeks for native

joint septic arthritis. Day 1 of treatment being the day after
surgery if performed. Once antimicrobial susceptibility testing
results are available, enteral route is used as soon as infective
endocarditis is ruled out and patient’s condition allows it even
if the patient has bacteremia.

Outcome

Bone infection was determined to be in remission by the ab-
sence of clinical and/or microbiological relapse after antibiotic
therapy discontinuation. Patients without follow-ups after
6 months were considered lost to follow-up. For the patients
who experienced treatment failure, we distinguished clinically
documented failures, relapses (same bacterium) and new in-
fections (different bacterium). Death during the 6 first months
of follow-up was classified as early death. Suspensive therapy
was defined as antibiotic treatment administered without a
treatment end date scheduled.

AEs that occurred during hospitalization were systemati-
cally reported in the medical dashboard as those that required
changing the prescribed antibiotic. To describe the AEs that
occurred during ambulatory care, we used computerized pa-
tient charts in which the therapeutic modifications were de-
scribed. The responsibility of a given antibiotic was affirmed
by the disappearance of the AE after cessation of this drug.

Microbiological studies

Aerobic and anaerobic cultures of bone biopsies were per-
formed using Columbia blood agar and chocolate PolyViteX
agar (CO2) and maintained for 5 days. Liquid media enriched
cultures (Hemolinediphasic and/or Rosenowmedia) were also
performed and maintained for 10 days. We used a manual
method (API, BioMérieux) and an automated method
(Phoenix, Becton Dickinson) to identify bacteria at the species
level.

Statistical analysis

Data were analyzed with StatView software version 4.5, and
statistical significance was established at α = 0.05.
Continuous variables were compared using Student’s t-test
or the Mann–Whitney non-parametric test. Proportions were
compared via the χ2 statistic or Fisher’s exact test when ap-
propriate. Univariate correlates and clinically significant var-
iables (p < 0.1) were then entered into a stepwise logistic
regression analysis.

Results

For 124 months, 196 patients with BJIs were treated with
clindamycin-based antibiotic therapy. Figure 1 describes the
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selection of this cohort of patients from our medical dash-
board. There were 127 men (67%) and 69 females, with a
mean age of 64 ± 17 years. The diagnoses included 120 cases
(61%) of osteomyelitis, 42 cases (22%) of PVO and 34 cases
(17%) of septic arthritis. In 80 cases (41%), the infection was
related to a surgical device. There were 143 chronic infections
(73%), and device-related infections were more frequently
chronic: 67/80 versus 76/116, p = 0.004.

The bacterial causative agents of these 196 cases of arthritis
or osteomyelitis included 130 cases (66%) of Staphylococcus
aureus, 29 cases (15%) of coagulase-negative staphylococci,
31 cases (16%) of streptococci and 6 cases (3%) of other
bacteria. Among the 130 S. aureus strains, 10 (7.7%) had an
inducible MLSB phenotype. Notably, 176 patients (90%)
benefited from blood cultures, and 38/176 patients (22%) pre-
sented with bacteremia.

For pathogen-directed antibiotic treatment, clindamycin
was prescribed as a first-line agent in 95 cases (48%), as a
second-line agent after an AE due to another drug in 67
cases (35%) and as a third-line agent in 34 cases (17%).
The main reason for clindamycin treatment that was pre-
scribed as a secondary line of treatment was an AE to a
previous antibiotic. Thus, 190 patients (97%) were
discharged from the hospital with a clindamycin-based
treatment after a mean hospitalization duration of
15 ± 9 days. Enteral antibiotic therapy using levofloxacin
+ clindamycin was prescribed in 61 cases (31%), rifampi-
cin + clindamycin in 53 cases (27%), clindamycin + anoth-
er compound in 37 cases (19%), clindamycin alone in 31
cases (16%) and clindamycin + amoxicillin in 14 cases
(7%). Characteristics of patients treated with clindamycin
alone are reported in Table 1.

The duration of antibiotic therapy was 7 ± 3 weeks, and
the mean duration of clinical follow-up was 28 ± 24 months,

with 81 patients (41%) continuing follow-up for at least
2 years after the cessation of antibiotic therapy.

Figure 2 indicates the main clinical and therapeutic charac-
teristics for these 196 patients as well as their final outcomes.
Ten patients died. Early deaths occurred for 6 patients; only
one was directly associated to BJI and was classified as treat-
ment failure. Fifty (25.5%) patients were lost to follow-up.
Among the assessable patients (those not lost to follow-up
nor on suspensive therapy), therapeutic success was observed
in 111/133 (83%) patients. Clinical failure was recorded for 8
patients, relapse for 8 patients and new infections for 6 pa-
tients. Characteristics of patients with therapeutic failure are
reported in Table 2.

Overall, 45 AEs were observed (23%) among which 22
were associated with rifampicin. Nine AEs were observed in
nine patients (4.5%) that were related to clindamycin, six
cases of which occurred during hospitalization. In all cases,
the clinical symptoms included nausea and/or diarrhea. Three
cases occurred during the clinical follow-up: two rashes and
one diarrhea. Clostridium difficile infection was systematical-
ly screened for patients with diarrhea, but no cases were
identified.

Discussion

Our study provides additional data on the use of an effi-
cient and safe clindamycin-based antibiotic therapy for
BJIs associated with susceptible bacteria. The rate of ther-
apeutic success was 83%. The rate of AEs was low, and all

Fig. 1 Selection of the cohort of patients with arthritis or osteomyelitis in
our medical dashboard from July 2005 to June 2016

Table 1 Characteristics of the 31 patients treated with clindamycin

Characteristics Number of patients,
n (%)

Diagnosis

Septic arthritis 4 (13)

Osteomyelitis 22 (71)

Vertebral osteomyelitis 5 (16)

With surgical device 15 (48)

Chronic infection 23 (74)

Bacterial species

Staphylococcus aureus 16 (52)

Coagulase negative staphylococci 4 (13)

Streptococcus spp. 10 (32)

Others 1 (3)

Clindamycin-used

As a first line 13 (42)

As a second line 11 (35)

As a third line 7 (23)

Duration of therapy (weeks)a 8.4 ± 3.6

aMean ± standard deviation
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of the AEs disappeared quickly after clindamycin
cessation.

The retrospective design is one limit of the study which
needs to be considered when interpreting results regarding
the relation between duration of treatment and the outcome.
Patients considered at risk of failure are probablymore prone
to receive longer duration of treatment.

A few studies have previously reported similar results re-
garding the efficacy of clindamycin but with variable durations
of treatment [14–16]. In 2008, Samad et al. reported a series of

56patientswithBJIs treatedbyvarious antibiotic combinations
including clindamycin for a mean duration of 101 days [14].
The rate of recovery was 91%. In 2010, Zeller et al. reported a
series of 56 patients with BJIs receiving intravenous
clindamycin for a mean duration of 40 days. The rate of recov-
erywas87%(49/56) [15]. In2011,Czekaj et al. reporteda short
series of 20 patients treated with clindamycin + rifampicin for
non-bacteremicBJIs [16].Allpatients recoveredafterdurations
of antibiotic therapy that ranged from 35 to 90 days. However,
two subsequent studies highlighted the pharmacological

Fig. 2 Main characteristics of the
patients with bone and joint
infections treated with
clindamycin. The patients were
divided into two groups based on
the presence of a surgical device
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interactions between clindamycin + rifampicin, which lead to
lower clindamycin serum concentrations [18, 19].

As previously reported [2, 5, 20], we observed a trend
towards chronic infection, often associated with surgical
devices, and therapeutic failure. In contrast, the best com-
bina t ion therapy appeared to be c l indamycin +
levofloxacin.

AEs appeared to be rare, suggesting good tolerance of
clindamycin in these clinical reports. We did not observe
any cases of C. difficile colitis, which appeared to be very
uncommon in the studies reported above.

Clindamycin should be considered for the treatment
of BJIs as it is efficient and safe, especially when com-
bined with fluoroquinolones.

Table 2 Comparison of the
therapeutic outcomes of 133
patients

Characteristic Success (%),
n = 111 (83)

Failure (%),
n = 22 (17)

p-value AOR
[95%CI]

Age (years)a 64 ± 17 63 ± 16 0.634

Sex-ratio (M/F) 1.84 1 0.188

Healthcare-associated infections 50 (45) 13 (59) 0.228

Comorbid conditions

Cardiovascular 55 (49) 7 (32) 0.127

Diabetes mellitus 23 (21) 5 (23) 0.833

Neurological and/or psychiatric 20 (18) 4 (18) > 0.999

Liver diseases / alcoholism 28 (25) 4 (18) 0.663

Respiratory 22 (20) 3 (14) 0.702

Kidney diseases 16 (14) 1 (4.5) 0.357

Diagnosis

Septic arthritis 19 (17) 5 (23) 0.531

Osteomyelitis 45 (41) 5 (23) 0.115

Vertebral osteomyelitis 26 (23) 0 (0) 0.025

With surgical device 46 (41) 11 (50) 0.458

Chronic infection 77 (69) 20 (91) 0.037

Bacterial species

Staphylococcus spp. 93 (84) 17 (77) 0.460

Methicllin-resistant 20 (19) 5 (33) 0.488

Streptococcus spp. 16 (14) 4 (19) 0.899

Others 2 (18) 1 (5) 0.990

Positive blood samples 21 (19) 2 (9) 0.624

Clindamycin-used

As a first line 57 (51) 12 (55) 0.784

As a second line 39 (35) 8 (36) 0.912

As a third line 15 (4) 2 (9) 0.825

Antibiotic regimen

Clindamycin + fluroquinolones 44 (40) 2 (9) 0.012 5.35 [1.16–24.55]

Clindamycin + rifampicin 22 (25) 5 (23) 0.804

Clindamycin + othersb 15 (13) 6 (27) 0.138

Clindamycin + amoxicillin 8 (7) 3 (14) 0.562

Clindamycin alone 15 (13) 6 (27) 0.105

Duration of therapy (weeks)a 7.4 ± 2.5 10.1 ± 5.5 0.013

Six weeks of antibiotic therapy 80 (72) 9 (41) 0.010 3.01 [1.14–7.97]

Patients lost to follow-up (n = 50), those with early death not related to infection (n = 5), and those requiring long-
term suppressive therapy (n = 8) were excluded. Bone infection remission was defined by the absence of clinical
and/or microbiological relapse after antibiotic therapy discontinuation
aMean ± standard deviation
b The other compounds associated with clindamycin included fusidic acid (n = 7), beta-lactams other than
amoxicillin (n = 9), cotrimoxazole (n = 3), and linezolid (n = 2)
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