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Abstract

Background: The optimal duration of intravenous antibiotic therapy in Staphylococcus aureus prosthetic bone and
joint infection has not been established. The objective of this study was to compare the effect of early and late
intravenous-to-oral antibiotic switch on treatment failure.

Patients and methods: We retrospectively analyzed all adult cases of S. aureus prosthetic bone and joint or
orthopedic metalware-associated infection between January 2008 and December 2015 in a French university hospital.
The primary outcome was treatment failure defined as the recurrence of S. aureus prosthetic bone and joint or
orthopedic metalware-associated infection at any time during or after the first line of medical and surgical treatment
within 2 years of follow-up. A Cox model was created to assess risk factors for treatment failure.

Results: Among the 140 patients included, mean age was 60.4 years (SD 20.2), and 66% were male (n = 92). Most
infections were due to methicillin-susceptible S. aureus (n = 113, 81%). The mean duration of intravenous antibiotic
treatment was 4.1 days (SD 4.6). The majority of patients (119, 85%) had ≤5 days of intravenous therapy. Twelve
patients (8.5%) experienced treatment failure. Methicillin-resistant S. aureus infections (HR 11.1; 95% CI 1.5–111.1; p =
0.02), obesity (BMI > 30 kg/m2) (HR 6.9; 95% CI1.4–34.4, p = 0.02) and non-conventional empiric antibiotic therapy (HR
7.1; 95% CI 1.8–25.2; p = 0.005) were significantly associated with treatment failure, whereas duration of intravenous
antibiotic therapy (≤ 5 or > 5 days) was not.

Conclusion: There was a low treatment failure rate in patients with S. aureus prosthetic bone and joint or orthopedic
metalware-associated infection with early oral switch from intravenous to oral antibiotic therapy.

Keywords: Staphylococcus aureus, Prosthetic bone and joint infections, Oral antibiotic treatment, Intravenous antibiotic
treatment
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Introduction
Despite considerable progress on their prevention, pros-
thetic bone and joint or orthopedic metalware-
associated infections remain a major public health prob-
lem in terms of cost, morbidity and mortality [1, 2].
Staphylococcus aureus is the pathogen most frequently
involved in prosthetic joint infections, responsible for
more than 50% of documented infections [3].
The management of prosthetic bone and joint or

orthopedic metalware-associated infection is complex,
requiring coordination across multiple specialties and is
limited by a lack of standardized diagnostic criteria and
recommendations such as for the duration of intraven-
ous treatment. The Infectious Diseases Society of Amer-
ica (IDSA) recommends that S. aureus infections are
treated, regardless of the surgical intervention, with 2 to
6 weeks (6 weeks if rifampicin is not possible) of intra-
venous antistaphylococcal antibiotic therapy combined
with oral rifampicin followed by oral antibiotic therapy
for 3 to 6 months, depending on the affected joint [4].
The French Infectious Diseases Society (SPILF) [5] rec-
ommends 2 weeks of intravenous treatment and a total
duration of 6 to 12 weeks, but acknowledges that the
duration of parenteral antibiotic therapy has not been
validated, and proposes an earlier oral switch if possible,
according to “expert opinion”.
Based on the long-standing experience in our center of

early switching from intravenous to oral antibiotic in pros-
thetic bone and joint or orthopedic metalware-associated
infection, we wished to evaluate the impact of the duration
of intravenous antibiotic treatment in S. aureus prosthetic
bone and joint or orthopedic metalware-associated infec-
tion on outcomes after 2 years for duration of
hospitalization and occurrence of vascular catheter-related
infections, as well as factors associated with failure of the
early oral treatment.

Patients and methods
Study design and participants
We performed a single center, retrospective, observational
study including all patients with a first episode of mono-
microbial S. aureus prosthetic bone and joint or ortho-
pedic metalware-associated infection who underwent
appropriate surgical management, between January 1,
2008 to December 31, 2015 in all departments of our Uni-
versity Hospital. Adult patients with S. aureus positive
samples were identified from the Microbiology Laboratory
database (GLIMS®, MIPS, Gent, Belgium). Those with
non-bone and joint infection or non- prosthetic bone and
joint or orthopedic metalware-associated infection were
excluded. As were those with polymicrobial or bacterio-
logically unproven infection, with unconventional treat-
ment i.e. suppressive antibiotic therapy (defined as the
indefinite administration of antibiotics without removing

the prosthesis to reduce symptoms and/or prevent infec-
tion progression), therapeutic abstention (defined as the
absence of medical and/or surgical management due to
patient medical history and underlying conditions) or in-
appropriate surgical management according to the inter-
national recommendations [4, 5] as we considered that
they were at increased risk of treatment failure due to
non-optimal care.

Assessment and endpoints
Age, Charlson score [6], clinical assessments and details
of surgery (surgical lavage, material removal, one or
two-stage revision), and antimicrobial therapy (empiric
treatment defined as the antibiotics initiated in the
period before the culture of surgical samples result, type
of appropriate treatment defined as the antibiotics initi-
ated according to the antimicrobial susceptibility profile
after the culture results), duration of intravenous treat-
ment and total duration of antibiotic treatment were col-
lected. Early switch from intravenous to oral antibiotic
therapy was defined as a switch in the first 5 days of
antibiotic start. This cut-off was chosen because it
reflected the mean length of stay in acute ward before
transfer to other facilities (mainly rehabilitation center).
The primary outcome was treatment failure defined as

the recurrence of S. aureus infection at any time during
or after the first line of medical and surgical treatments
within 2 years of follow-up. Secondary outcomes were
the mean length of hospital stay, the prevalence of vas-
cular catheter-related complications during the anti-
biotic treatment period and non-predefined factors
associated with failure. Treatment failure did not include
new episodes of infection on the same joint with micro-
organisms other than S. aureus.

Statistical analysis
Results were expressed as absolute counts and percent-
ages (n, %) for categorical variables and median with
interquartile ranges (IQR) or mean with standard devi-
ation (SD) for continuous variables. The median is pre-
sented in case of variables with skewed distribution.
Univariate comparisons were done using the Fisher’s

exact tests for categorical variables and Student’s t-test
for continuous variables. Cox regression model was used
to identify independent risk factors for treatment failure.
Variables found to be significant at the univariate levels
(p-value ≤0.20) were included into the Cox model. Re-
sults were given as hazard ratio (HRs) with 95% confi-
dence intervals (CIs).
A p-value < 0.05 was considered statistically signifi-

cant. Data analyses were performed using SAS version
9.1 (SAS Institute Inc., Cary, NC, USA).
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Results
Patients
Of the 1496 patients identified with S. aureus infections
during the inclusion period, 330 had PJI infections. One
hundred forty-four patients were excluded for polymi-
crobial infection (n = 126) or infection of external de-
vices (n = 18). Finally, 140 patients with S. aureus
prosthetic bone and joint or orthopedic metalware-
associated infection were included (Fig. 1). Mean age
was 60.4 years (SD 20.2), and 66% were male (n = 92).
The most frequent co-morbidities were diabetes mellitus
(n = 21, 15%), chronic kidney disease (n = 12, 9%), cancer

(n = 10, 7%), being treated with immunosuppressive
therapy (n = 10, 7%), and antecedent radiotherapy ther-
apy (n = 5, 4%). Mean body mass index (BMI) was 25.9
kg/m2 (SD 5.5) with 17% classified as obese (n = 24).
Mean Charlson index was 2.11 (SD 1.98).
Fifty-three patients (38%) had a joint prosthesis includ-

ing 38 total/intermediate hip replacement, 13 total knee
replacement, 2 total ankle replacement and 87 (62%)
had orthopedic material including 16 intramedullary
nails and 71 plates screws and/or pins. Of note, 50 (36%)
had undergone revision surgery prior to the septic epi-
sode because of mechanical failure of the prosthesis.

Fig. 1 Flow chart of the study. BJI: Bone and joint infections
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Infections care
Infections were mainly due to methicillin-susceptible
S. aureus (MSSA) (n = 113, 81%). The mean time
from symptom onset to antibiotic initiation was 19.9
days (SD 22.5). The mean duration of intravenous
and total antibiotic treatment was 4.1 days (SD 4.6)
and 11.5 weeks (SD 4.5), respectively. The majority of
patients (119, 85%) had 5 days or less of antibiotic
intravenous therapy. Most oral antibiotic regimen in-
cluded rifampicin (n = 118, 84%), combined with
ofloxacin (n = 88, 63%) or sulfamethoxazole (n = 22,
16%). Of note, 24 patients (17%) had concomitant
bacteremia of which 20 were considered as secondary
bacteremia related to the prosthetic bone and joint or
orthopedic metalware-associated infection and were
treated with 5 days of less of intravenous antibiotic
therapy before oral switching after exclusion of Infect-
ive Endocarditis by one (or two) transthoracic
echocardiogram(s).
The median time from symptom onset to surgery was

9 days (IQR 4–23). Type of PJIs (according to the Cov-
entry/Tsukayama classification [7, 8]) and surgical man-
agement according to type of prothesis/orthopedic
material is detailed in Table 1.

Treatment failure and associated risk factors
Twelve patients (8.5%) experienced treatment failure:
four relapsed while under antibiotic therapy, three re-
lapsed within the first month after antibiotic termination
and the last five within 6 months after antibiotic
termination.
In univariate analysis, methicillin-resistant S. aureus

(MRSA) infections, infection of total knee replace-
ment and type IV infection [8] were significantly
associated with treatment failure (Table 2). In multi-
variate analysis, MRSA infections (aHR 11.1; 95% CI
1.5–111.1; p = 0.02), obesity (BMI > 30 kg/m2) (aHR
6.9; 95% CI 1.4–34.4, p = 0.02) and empiric antibiotic
therapy not following the guidelines [4, 5] (aHR 7.1;
95% CI 1.8–25.2; p = 0.005) were significantly associ-
ated with treatment failure whereas a duration of less
than 5 days of intravenous antibiotic therapy was not
(aHR 0.8 95%CI 0.4–3.5, p = 0.66).
Overall, 6 patients (4%) died during the follow-up.

Hospitalization duration and catheter-related infections
Mean length of stay was 14.4 days (SD 11.7). Patients
with less than 5 days of intravenous antibiotic therapy

Table 1 Type of prosthetic joint infection and surgical management according to type of prothesis/orthopedic material

Total hip
replacement

Total knee
replacement

Total ankle
replacement

Nail Plate/Screw and/or
pin

Total 38 13 2 16 71

Male sex 22 (58%) 8 (62%) 1 (50%) 8 (50%) 53 (75%)

Mean age, years (SD) {min - max} 74 (12.7) {39–96} 68 (14.7) {37–90} 54 60 (23.6) {21–
89}

51.8 (19.5) {19–93}

Charlson score (SD) {min - max} 2.8 (2.2) {0–9} 2.5 (1.7) {0–6} 0.5 (0.7) {0–1} 2.5 (2.0) {0–6} 1.6 (1.9) {0–8}

Methicillin susceptible S. aureus
(%)

28 (74%) 11 (85%) 2 (100%) 11 (69%) 61 (86%)

Joint infection classification (Coventry1975) (Tsukuyama 1996)

Type I 0 0 0 2 (13%) 3

Type II 20 (53%) 1 (8%) 0 8 (50%) 58

Type III 13 (34%) 2 (15%) 0 6 (38%) 51

Type IV 5 (13%) 10 (63%) 2 (100%) 0 28

Surgical management

Intra-articular washa 11 (29%) 5 (39%) 1 (50%) 6 (38%) 30 (42%)

One-stage revision 4 (11%) 1 (8%) 0 4 (25%) 4 (6%)

Two-stage revision 12 (11%) 6 (46%) 0 0 3 (4%)

Material removal 0 0 0 6 (38%) 34 (48%)

Inserts change 11 (29%) 1 (8%) 1 (50%) 0 0

Failure 2 (5.3%) 5 (38.5%) 0 2 (12.5%) 3 (4%)
aopen debridement without exchange of modular components
References: [7, 8]
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had a significantly shorter length of stay (13.0 days (SD
10.4) vs 22.7 (SD 15.4) p = 0.015).
Only two patients (1%) presented catheter-related in-

fections; both had had early switch from intravenous to
oral antibiotic therapy (< 5 days).

Discussion
The main objective of this study was to determine
whether shorter postoperative intravenous antibiotic
treatment in the management of S. aureus prosthetic
bone and joint or orthopedic metalware-associated infec-
tion had an impact on treatment failure. In our cohort
of 140 patients, the mean duration of intravenous treat-
ment was 4 days, while current guidelines recommend a
minimum of 14 days of parenteral treatment in such in-
fections [4]. The overall treatment failure rate was 8.5%,
without difference between short (≤ 5 days) and longer
(> 5 days) intravenous antibiotic treatment duration. Fi-
nally, we found that MRSA, obesity and inappropriate
empiric antibiotic therapy were independently associated
with treatment failure.
The treatment failure rate found here is similar to that

observed in the literature, which varies from 10 to 20%
depending on the surgical treatment. A few retrospective
studies have shown a high rate of success when doing
early switching in different settings. In 2005, a cure rate
of 87% was observed in a retrospective study of early
acute infections of prostheses treated by lavage and
combined rifampicin-ciprofloxacin with oral switch be-
tween 3 to 7 days [9]. In 2007, a 95% cure rate was re-
ported in a single-center study of late and chronic total
hip replacement infections treated by two-step replace-
ment and early antibiotic switch at 5 days [10]. In 2011,
a retrospective single-center study found a 89% cure rate
on total hip replacement infections regardless of surgical
treatment, with a median of 14 days for intravenous-to-
oral antibiotic switch [11]. Finally, the recently published
OVIVA study, a multicenter randomized controlled trial
comparing 1 year outcomes between early (within 1
week) intravenous-to-oral antibiotic switch and continu-
ation of intravenous therapy for at least 6 weeks in
adults with bone and joint infections showed a high suc-
cess rate (86%), irrespective of route of antibiotic admin-
istration [12]. In this study, two-thirds of patients had
PJI and 40% of infections were due to S. aureus. Import-
antly, studies derived from the OVIVA trial have shown
that early outpatient parenteral antimicrobial therapy
could be used in 80% of patients [13] and would de-
crease length of stay, treatment costs and vascular
device-related complications [12, 13].
Our results on the success rate and length of hospital

stay are in line with the OVIVA study [12], however,
contrary to the OVIVA study, we observed no difference
in catheter-related complications between the two

Table 2 Characteristics of patients and management according
to the treatment outcome

Failure
n(%)

p-
value

Sex 0.97

Male 8/92 (8.7)

Female 4/48 (8.3)

Type of prosthetic material 0.001

Total hip replacement 2/38 (5.3)

Total knee replacement 5/13 (38.5)

Total ankle replacement 0/2 (0)

All prosthesis 7/53 (13.2)

Intramedullary nailing 2/16 (12.5)

Plate/screw/pin 3/71 (4.2)

Type of surgery 0.33

Intra-articular washa 6 (11.3)

One-stage revision 2 (15.4)

Two-stage revision 3 (14.3)

Material removal 1 (2.5)

Mobile inserts change 0 (0)

Type of infection 0.01

Type I 0/5(0)

Type II 2/58 (3.5)

Type III 2/51 (4)

Type IV 6/28 (21.5)

Infection by inoculation 9/115 (7.8)

S. aureus susceptibility 0.01

Methicillin susceptible 6/113 (5.3)

Methicillin resistant 6/27 (22.2)

Intravenous antibiotic therapy 0.15

Empiric therapy following guidelines 6/104 (5.7)

Empiric therapy not following guidelines 6/26 (16.6)

Duration of intravenous antibiotic therapy 0.47

≤ 5 days 9/119 (7.5)

> 5 days 3/21 (14.2)

Oral antibiotic therapy 0.42

Rifampicin + Ofloxacin 6/88 (6.8)

Rifampicin + Cotrimoxazole 2/21 (4.8)

Rifampicin + another antibiotic 2/8 (25.0)

Combination without rifampicin 3/22 (13.6)

Chronic comorbidities 0.17

Diabetes mellitus 2/21 (9.5)

Obesity 4/24 (16.7)

Chronic renal failure 1/12 (8.3)

Cancer, history of radiotherapy, immunosuppressive
therapy

0/25 (0)

aopen debridement without exchange of modular components
References [4, 5]
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groups, probably because of the small size of the late
switch group. Both patients in the early oral switch
group who had a catheter-related infection had pro-
longed hospital stay and perfusion for other reasons than
the prosthetic bone and joint or orthopedic metalware-
associated infection. This highlights the frequent misuse
of catheters, such as mid- or peripherally inserted cen-
tral catheter-line, which are inserted assuming a pro-
longed intravenous therapy but used for other
perfusions or maintained even after oral switch, increas-
ing the risk of catheter-related infections.
Our results showing that MRSA was associated with

treatment failure is controversial in the literature. In-
deed, Volin et al. did not show any difference in the re-
sistance profile of S. aureus compared to the success
rate of PJI treatment on total knee replacement [14].
Conversely, Salgado et al. found a higher failure rate in
PJI with MRSA than with MSSA [15]. Leung et al. also
noted more failures in the management of total hip re-
placement infected with MRSA or methicillin-resistant
Staphylococcus epidermidis compared to those infected
with MSSA or methicillin-susceptible S. epidermidis
[16]. Therefore, some authors have proposed establish-
ing management recommendations including the nature
of the microorganism involved [17]. Moreover, we re-
cently observed a clear decrease of MRSA in Europe,
which will have a wide-ranging positive effect on avoid-
ing treatment failure [18].
This work had several limitations. First, this was a

single-center study with a small sample size which may
have jeopardize external validity of our results and have
led to insufficient power to show any significant differ-
ences. Second, our center prioritizes early switching,
meaning that the groups were not comparable for early/
late switch. Furthermore, in this non-randomized retro-
spective study, patients with longer intravenous anti-
biotic therapy may have been selected because of more
severe infection or less effective surgical treatment,
which may have biased our results. Third, death was not
considered as a competing risk for treatment failure,
which may have led to underestimation of failure. Forth,
the a priori choice of 5 day-cut-off for early/late switch
can be discussed.

Conclusion
This work adds to the growing body of evidence of high
treatment success in early intravenous to oral switch
antibiotic therapy in S. aureus prosthetic bone and joint
or orthopedic metalware-associated infection. It is now
important to clearly define the optimal oral antibiotic
regimens and its duration for patient management, and
to communicate the international guideline to avoid un-
necessary use of intravenous therapy.
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