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Abstract
Rifampicin (RIF) is the key antibiotic treatment in Osteoarticular Infections (OAI) due to gram positive cocci. In tuberculosis patients, RIF pharmacokinetics studies reveal an important inter individual variability and therapeutic drug monitoring
appears as an essential tool. However, data are lacking regarding RIF concentrations variability in OAI and impact on infection
management. The aim of this descriptive study was to characterize RIF concentrations and variability in patient treated for OAI.
Association with clinical evolution and side effects was also evaluated. We retrospectively analyzed RIF plasma concentrations
observed in patients hospitalized for OAI and treated with 300 mg three times daily. Observed concentrations were described by
median and range. Relationship with demographic (age, sex, body weight) and clinical data (material type, antibiotic comedication, side effects, clinical course) was also evaluated. Plasma concentrations were collected in thirty six patients. Median peak
RIF concentration was 3.9 µg/ml with a wide variability (0.6 - 16.1 µg/ml). RIF median concentration (range) was significantly
lower in patients presented a poor clinical course (n=11): 3.4 (0.7-10.5) µg/ml vs 4.3 (0.6-16.1) µg/ml (p=0.027). RIF median
concentration was not significantly different in patients presented gastrointestinal disorders or not (3.85 µg/ml vs 4.25 µg/ml,
respectively, p=0.788). This study points out the large inter-individual variability of rifampicin plasma concentrations in OAI.
Prospective studies seem essential to confirm the impact of this pharmacokinetic variability on patient outcome and define the
specific therapeutic range of RIF in these indications.
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Introduction
Osteoarticular Infections (OAI) remain currently serious
diseases, notably due to orthopedic material associated
complications [1,2]. According to French and American
recommendations, Rifampicin (RIF) still represents the key
antibiotic in staphylococcal OAI treatment, always in association
to prevent the emergence of bacterial resistance [3,4]. Indeed,
RIF fulfills main criteria for OAI treatment, with an important
bactericidal activity for susceptible strains as Staphylococcus
aureus or Coagulase-Negative Staphylococci (CNS) [5,6], a good
oral bioavailability, an excellent diffusion in bone tissue and
biofilm [7,8] and a limited toxicity as hepatotoxicity and gastrointestinal side effects [9-12]. RIF Therapeutic Drug Monitoring
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(TDM) is routinely performed in tuberculosis patients, especially
in high risk populations (suspected malabsorption, HIV infection,
diabetes mellitus, drug-drug interactions) [13].
In IAO, several arguments seem to be relevant to support
RIF TDM: necessity to obtain adequate concentrations in the bone
compartment (superior to MIC); a higher risk of potential toxicity
due to a high dose (20mg/kg compared to 10 mg/kg classically
used in tuberculosis) and long treatment duration (3 to 6 months)
[3]. Moreover, an important Pharmacokinetic (PK) variability and
an impact of comedication on PK parameters has been recently
observed in this population [14]. However, in order to consider
TDM RIF in IOA, data are lacking on observed rifampicin peak
concentrations, variability and impact on clinical evolution/
side effects. In the present study, we described RIF observed
concentrations and variability after a therapeutic schedule of
300 mg three times daily in patient treated for OAI. Association
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with clinical course and side effects was also evaluated.

Patients and Method
Description of patients
Patients hospitalized in Infectious Diseases Unit (La
Conception hospital, Marseille) for OAI were retrospectively
included from August 2012 to October 2014. Inclusion criteria were
an oral antibiotherapy including RIF 300 mg three times daily for
three or six months (without/with material infection, respectively)
and one determination of RIF peak concentration. Therapeutic
schedule of 300 mg three times daily was chosen historically by
clinicians regarding to a feeling of a better tolerance of RIF, with less
hepatotoxicity or gastrointestinal side effects reported by patients.
RIF concentrations were determined to confirm compliance, detect
absorption impairment and in case of suspected toxicity. The same
day rifampicin concentration has been determined, demographic
(age, sex, body weight) and clinical data (material type, antibiotic
comedications, side effects, clinical course) were collected from
medical files. Compliance and side effects were reported by patients,
using a questionnaire with a “yes/no” item for “compliance”,
“nausea”, “vomiting”, “diarrhea”, “abdominal pain” or “other side
effects”. Clinical course was determined as “poor” or “good” by
clinicians based on a complete or partial resolution of leukocytosis,
temperature (<38.5°C) and signs of infection (clinical, radiological
or microbial evidence of infection). Biological data as RIF plasma
concentration, plasma creatinine, hepatic enzyme blood levels
(ALT, AST and GGT) and bacteriological results were collected
from the hospital laboratory database.
Determination of RIF Blood Concentration
Samplings were performed at least two weeks after the
introduction of antibiotic therapy (steady state condition) and two
to three hours after drug intake (peak concentration) [13]. Blood
sample was dispatched within 5 hours to the laboratory. Plasma
was separated and frozen at -80°C until analysis. RIF plasma
concentration was quantified in plasma using a high performance
liquid chromatography assay with UV detection, validated
according EMA guidelines [Guideline on bioanalytical method
validation. European Medicines Agency. 2011]. Briefly, extraction
procedure was carried out using acetonitrile, with diazepam as
internal standard. Chromatography was performed on a C18
column. Elution was achieved isocratically with potassium buffer/
acetonitrile at a flow rate of 1.0 ml/min. Method was linear in the
0.5-20 µg/mL range [14].
Statistical Analysis
RIF plasma concentrations distribution was described
by median and range. Relationship between concentration and
dosage (in mg/kg/day), age and body weight was investigated
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using Pearson coefficient correlation. The median test was used
for analyzing the impact of sex, comedications and infection type
(materiel or not) on RIF observed concentrations and compare RIF
concentrations according to clinical course and associated side
effects. Proportions were compared using Fisher’s exact test. A
p-value of <0.05 was considered statistically significant. Analyses
were performed using the software SPSS version 17.

Results
Between August 2012 and October 2014, 36 patients were
included, with a sex ratio of 2.6. In most case, patients presented
material infection with prosthesis (n=16) or osteosynthesis equipment
(n=12). The most incriminated pathogen was Staphyloccocus
aureus (n=22) followed by CNS (n=16), mainly in monomicrobial
infection (n=31). Patient characteristics are summarized in (Table
I). All patients ensured good compliance to treatment.
One blood sample per patient was collected and all of the
observed concentrations were over the limit of quantification.
Demographical data

Total

Total patient

36

Sex ratio (M/W)

2.6 (26/10)

Age (years)

54.0 (20 to 82)

Body weight (kg)

73.0 (46 to 119)

Dosage (mg/kg/d)

12.3 (7.6 to 19.6)

Infection type
Prosthesis infection (knee/hip/elbow)

16 (8/7/1)

Osteosynthesis material infection

12

Knee arthritis

3

Spondilitis

3

Brodie abcess

1

Elbow arthritis

1

Antibiotic Comedication
Fluoroquinolone (ofloxacin/ciprofloxacin)

18 (15/3)

Fucidic acid

9

Clindamycin

5

Glycopeptides (vancomycin/teicoplanin)

6 (4/2)

Beta-Lactams

5

Cotrimoxazole

1

Table I: Demographical and clinical description of the studied population.
Data are median (minimum to maximum) or frequency.
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Median RIF peak concentration was 3.9 µg/ml, with minimal and
maximal observed concentrations of 0.6 µg/ml and 16.1 µg/ml
(Figure 1). No correlation was observed between RIF concentrations
and dosage, age and body weight (Figure 2). Patients with fusidic
acid coadministration presented higher median RIF concentrations
(range): 8.9 (2.1-16.1) µg/ml vs 3.6 µg/ml (0.6 -11.5) (p=0.012).
No influence of sex, infection type and others coadministrated
antibiotics was observed.

good clinical course was lower in patients with material infection
compared to non-material infection (69.4% versus 87.5%,
respectively, p<0.05).

Figure 1: Observed rifampicin plasma concentrations (µg/ml).
Horizontal bars depict median value (solid line) and IC95% (dotted
line).

(b)

Figure 2: Rifampicin maximal plasmatic concentrations and
dosage correlation.
RIF median concentration (range) was significantly lower in
patients presented a poor clinical course (n=11): 3.4 (0.7-10.5)
µg/ml vs 4.3 (0.6-16.1) µg/ml (p=0.027) (Figure 3). Proportion of
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Figure 3: Comparison of rifampicin median plasma concentrations
and clinical course (a) or reported side effects (b) evaluated during
consultation. Horizontal bars depict median values.
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Analyzing plasma creatinine and hepatic enzyme blood
levels, all patients presented normal liver and renal function, without
biological abnormalities. Ten patients reported gastrointestinal
disorders. RIF median concentration was not significantly different
to patients presenting a safer profile: 3.85 µg/ml vs 4.25 µg/ml,
respectively (p=0.788) (Figure 3). Median dosage in mg/kg was
not different between patients presented gastrointestinal disorders
or not (12.6 mg/kg vs 12.4 mg/kg respectively, p=0.622).

Discussion
If the legitimacy of RIF is undeniable in the management
of staphylococcal OAI [2,4], there is a lack of published data
concerning observed concentrations and variability in this
indication. In our study, we described RIF plasma concentrations
observed in patients treated for OAI with 300mg three times daily.
We observed a wide inter-individual variability, with a 25-fold range
for RIF peak concentration (0.50 µg/ml to 16.10 µg/ml). These
results are consistent with data from Roblot et al, reporting that a
same dose regimen could result in an important range of plasma
RIF concentrations [15]. Moreover, other studies confirmed the
important inter-individual variability of RIF pharmacokinetic in
tuberculosis patients or in healthy subjects, notably due to a variable
absorption rate [16-18]. No correlation was observed in our study
between dosage (in mg/kg/day) and plasma maximal concentration
(p=0.884), in accordance with results from Guillaume et al [19]. The
“take-home message” from these observations is that an identical
dose of RIF will not lead to a predictable plasma concentration,
correlated to a potential variability in antibiotic activity. In OAI,
low plasma concentrations could lead to low concentrations in bone
tissue, potentially associated with an antibiotic inefficiency and
acquisition of drug resistance [20]. Consequently, the important
variability observed in RIF concentrations is in accordance with
a usefulness of RIF TDM in this population, as in patients treated
for TB. This argument is supported by the observation in our
study of lower RIF concentrations in patients with a poor clinical
course. This is especially crucial in material infection that is wellknown to have a poorer clinical outcome [1]. Indeed, we observed
in our study a lower ratio of good clinical course in this population.
However, studies are still lacking concerning the PK/PD target and
the therapeutic range of RIF concentrations in OAI. In a murine
model studying Staphylococcal pulmonary infection, Hirai et
al. [21] showed that rifampicin demonstrated concentrationdependent killing. Cmax was a good predictive PK/PD index, but
was impacted by dosing schedule, so they conclude that the AUC/
MIC was a more pertinent predictive PK/PD index. The AUC/CMI
target was defined as 952 for Staphyloccocus aureus. However this
target was not confirmed in infected patients and future studies are
required to determine specific therapeutic range of RIF in OAI.
No relationship between occurrence of side effects and RIF
plasma concentrations was observed in our study. In a comparable
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study, Roblot et al. failed to identify a relationship between
RIF plasma concentrations and toxicity in patient treated for
OAI. In absence of any concentration-side effects relationship,
they concluded that TDM of RIF was irrelevant for managing
gastrointestinal toxicity in this population [14]. Our results seem
consistent with their conclusion. However, in presented study,
hepatotoxicity or gastrointestinal side effects were reported by
patients and not based on any biomarkers or physician’s diagnosis.
Less side effects were reported, probably due to the difficulty
for patients to precisely self-diagnose symptoms that are good
indicators of hepatotoxicity or gastrointestinal side effects.
Consequently, furthers studies are required to investigate the relation
between rifampicin concentration and sides effects, especially in
high dose regimen. Current issues remain debated for the ideal
dose to be used in OAI. Indeed, studies and recommendations are
not consensual. According to IDSA recommendations, medical
treatment for a patient with Staphylococcal OAI is RIF 300–450
mg orally twice daily [2,22]. The recommended dose according
to French recommendations is 20 mg/kg/day, divided into two or
three doses [3]. Other studies report successful treatment with a
dose of 20 mg/kg/d, without specifying the schedule [17,23], or
recommend different dose, such as 300 mg or 450 mg in two intakes
[2,24]. Thus, additional data on RIF PK/PD target in IOA infection
are require to determine the ideal daily dosage and frequency of
administration of RIF.
Our study presents some limits. First, only a cohort of 36
subjects could be included and a larger sample size would provide
a better estimate of RIF concentrations and variability. Moreover,
owing to the retrospective design of the studies, the compliance
was assessed as patient self-assessment which is not the best tool
of evaluation. A DOT - directly observed treatment – methodology
would have been more appropriate. Likewise, impact of several
covariates on RIF concentrations were not tested due to the
retrospective nature of the study. A prospective study including
non antibiotic comedications, eating habits or body mass
index, should improve the description of RIF concentrations
variability. In the same way, some confounding factors affecting
postoperative course of OAI have to be included in a future study
(comorbidities, smoking habits). In conclusion, presented results
showed an important inter-individual variability of RIF plasma
concentrations in patient treated in OAI, in favor of RIF TDM.
Prospective studies seem essential to confirm the impact of this
pharmacokinetic variability on patient outcome and determine
specific therapeutic range of RIF in OAI.
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