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Whether rifampin benefits retained staphylococcal prosthetic
joint infection is unsettled. In a meta-analysis of 8 studies, we
found greater clinical cure with fluoroquinolone-rifampin vs
all other regimens (odds ratio [OR], 2.68; 95% CI, 1.43-5.02),
but no greater cure with other rifampin combinations vs
regimens without rifampin (OR, 1.22; 95% CI, 0.79-1.88).

Keywords. Prosthetic joint infection; staphylococcus;
rifampin; fluoroquinolone

The Infectious Disease Society of America’s 2012 guidelines for
prosthetic joint infection (PJI) recommended 3-6 months of ri-
fampin plus a companion antibiotic for staphylococcal PJI
managed with debridement and implant retention (DAIR)
[1]. This recommendation was based on a randomized con-
trolled trial (RCT) of 33 patients with staphylococcal hardware
infections (15 with PJI), whose intention-to-treat analysis
found that combining rifampin with ciprofloxacin resulted
in numerically higher disease-free survival (16/18 vs 9/15;
P=.1) vs ciprofloxacin monotherapy, and whose per-protocol
analysis had a fragility index of 1 [2].

Subsequent studies of adjunctive rifampin for staphylococcal
PJI following DAIR have inconsistently indicated benefit, in-
cluding a second RCT of 48 patients in which adding rifampin
to glycopeptide or beta-lactam monotherapy did not improve
cure [3]. A recent systematic review suggested that rifampin
might marginally enhance cure in PJI following DAIR (relative
risk [RR], 1.1; 95% CI, 1.00-1.22) [4]. However, the authors
also found evidence of publication bias, which trim-and-fill
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analysis suggested may account for rifampin’s perceived benefit
(adjusted RR, 1.04; 95% CI, 0.94-1.14).

Observational studies suggest that receipt of combination
fluoroquinolone-rifampin (FQ-rif) independently predicts
treatment success in PJI following DAIR [5]. Before their
RCT, Zimmerli et al. had shown that FQ-rif, but not teicoplanin
plus rifampin, improved cure of experimental foreign body in-
fections vs rifampin monotherapy and that the FQ-rif regimens
yielded higher overall cure rates than glycopeptide-rifampin
combinations [6]. We hypothesized that the inconsistency of
rifampin’s benefit in published observational studies of PJI
may be partially explained by differences in rates of FQ-rif
use if, rather than rifampin generally improving cure as an
adjunctive agent, the specific FQ-rif combination produces
superior outcomes to alternative regimens. We tested this
hypothesis by performing a stratified analysis of the studies in-
cluded in Scheper et al.’s meta-analysis [4] reporting outcomes
in patients receiving FQ-rif vs other regimens.

METHODS

We utilized the systematic review performed by Scheper et al.
[4] comparing the clinical cures reported in studies of staphy-
lococcal PJI managed with DAIR with or without rifampin,
subdividing the former group into patients who received either
(a) FQ-rif or (b) nonfluoroquinolone rifampin combinations.

We performed random-effects analyses for all comparisons,
evaluating both I* and P values for heterogeneity analyses. Using
metaregression, we examined the influence of between-study dif-
ferences in knee vs hip PJI, S. aureus vs coagulase-negative staph-
ylococcal infection, and infection arising <90 days vs >90 days
from the index arthroplasty on the antibiotic regimen’s association
with cure, as these variables were frequently reported and predict
outcome in PJI managed with DAIR [5]. We evaluated publication
bias with Egger’s regression and estimated its effects with Duval
and Tweedies’ trim-and-fill analysis.

RESULTS

We collected clinical outcomes for specific antibiotic regimens
directly from the text of 7 studies, and for 1 of the 3 remaining
studies [7] the corresponding author provided stratified out-
comes; thus, 8 studies were included in total (references in
the Supplementary Data). Two studies did not include patients
treated with FQ-rif and could only be included in analyses
comparing nonfluoroquinolone rifampin combinations with
regimens without rifampin.

We found that clinical cure was more likely in patients treat-
ed with FQ-rif vs all other regimens (odds ratio [OR], 2.68; 95%
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CI, 1.43-5.02; P=.002; I’ =62%). Cure was also more likely
when comparing patients given FQ-rif vs nonfluoroquinolone
rifampin-containing regimens (OR, 2.99; 95% CI, 1.29-6.96;
P=.01; ’=71%) and when comparing patients given FQ-rif
vs regimens without rifampin (OR, 3.04; 95% CI, 1.99-3.04;
P<.001; I=6%). Among patients not given a fluoroquino-
lone, rifampin use was not associated with cure (OR, 1.22;
95% CI, 0.79-1.88). Forest plots for these comparisons are
shown in Figure 1. When we compared nonfluoroquinolone ri-
fampin combinations with all other regimens, we again found
no suggestion of benefit with nonfluoroquinolone rifampin
combinations (Supplementary Figure 1).

In metaregression, we did not find any significant associa-
tions between the relative benefit of FQ-rif vs other regimens
and studies’ proportions of knee vs nonknee PJI, S. aureus vs
coagulase-negative staphylococcal infections, or early vs late
PJI (Supplementary Table 1; Supplementary Figures 2-4).
Egger’s regression suggested publication bias for the compari-
son of FQ-rif vs all other regimens (P=.01), and trim-and-fill
analysis to account for that attenuated the benefit of FQ-rif
(OR, 1.66; 95% CI, 0.88-3.14). However, publication bias was
not detected in the comparison of FQ-rif with regimens with-
out rifampin (Egger’s P=.34), and the apparent benefit of
FQ-rif remained after adjustment for potential publication
bias by trim and fill (OR, 2.61; 95% CI, 1.60-4.27).

DISCUSSION

It is tempting to believe that rifampin’s biofilm-eradicating ac-
tivity should benefit staphylococcal retained hardware infec-
tion regardless of the partner drug. However, we show that
the published data for adjunctive rifampin in staphylococcal
PJI managed with DAIR suggest greater treatment success
with FQ-rif vs other regimens, including other rifampin com-
binations. In contrast, we found no evidence of benefit for add-
ing rifampin to antibiotics other than fluoroquinolones.

Our findings are important because it remains common US
practice to use intravenous beta-lactams or glycopeptides for
definitive therapy of PJI due to staphylococci susceptible to
oral antibiotics, and these data suggest that adding rifampin
in such cases may be contributing toxicity (eg, hepatotoxicity,
interactions with anticoagulation, antiplatelet agents, and opi-
oid analgesia, and nausea) without benefit [8]. Our study adds
to other work suggesting that the potential benefit of rifampin
in staphylococcal PJI is restricted to specific clinical scenarios,
such as knee vs hip PJI, and when rifampin is added later in the
treatment course vs immediately after surgery [9, 10].

The primary limitation of this analysis is that most included
studies are retrospective and confounded by indication.
Patients deemed candidates for FQ-rif may be healthier
(eg, without significant liver disease or comorbidities whose
pharmacotherapy contraindicates rifampin) and predisposed

to better outcomes. Such confounding is suggested in Li and
colleagues’ RCT of oral vs intravenous antibiotics for osteoar-
ticular infections, whose Supplementary Figure 1 indicates
that subjects planned to receive oral fluoroquinolones and ran-
domized to oral vs IV therapy achieved similar rates of cure
(189/209 [90.4%] vs 179/205 [87.3%); P=.31) [11]. In any
case, this confounding does not explain why nonfluoroquino-
lone rifampin combinations would show no benefit vs regimens
without rifampin; in fact, confounding by indication might ex-
aggerate the benefit of nonfluoroquinolone rifampin combina-
tions just as it might exaggerate the benefit of FQ-rif. Moreover,
our findings are concordant with the results of the 2 RCT's of
adjunctive rifampin in staphylococcal PJI by Zimmerli and
Karlsen, so while our results should be considered hypothesis-
generating, we note that this hypothesis better fits the random-
ized data than the assumption that rifampin is beneficial re-
drug. Other
study include potential publication bias, also identified in

gardless of partner limitations of our
Scheper et al’s original meta-analysis; however, publication
bias was not evident in the comparison of FQ-rif with mono-
therapy, lending greater reliability to its benefit vs other rifam-
pin combinations. Rifampin dosing was heterogenous between
studies, which may have influenced both clinical cure and ri-
fampin tolerability. Finally, the comparator group “rifampin
combinations other than FQ-rif” was heterogenous, which
isimportant because rifampin has the potential to induce the
metabolism of a number of potential partner antibiotics to sub-
therapeutic levels. The clinical import of these interactions is
unsettled; on the one hand, significant reduction of fusidic
acid levels led to the early termination of at least 1 RCT in or-
thopedic infections, and yet clindamycin plus rifampin ap-
peared highly effective for staphylococcal PJI in a large
cohort by Beldman et al. despite rifampin’s known potential
to substantially reduce clindamycin serum levels [9, 12].

The FQ-rif regimen may be more poorly tolerated than alter-
natives. A modern retrospective cohort of staphylococcal PJI
found a 35.6% unplanned drug discontinuation rate with fluo-
roquinolones vs 3% with other regimens, though notably an-
other recent cohort study found a similarly high rate of
unplanned change in antibiotics with standard intravenous an-
timicrobials [8, 13]. In addition, a recent Veterans Affairs co-
hort with 4624 patients who received DAIR for PJI suggested
a small overall benefit to adjunctive rifampin, albeit with no
stratification of outcomes by use of a quinolone [14].
Accordingly, we hesitate to conclude that FQ-rif should be uni-
versally preferred following DAIR for staphylococcal PJI. These
data do indicate, however, that equipoise exists for a large RCT
comparing FQ-rif with nonfluoroquinolone rifampin combi-
nations with monotherapy without rifampin.

These findings should challenge practitioners who add ri-
fampin for staphylococcal retained hardware infections regard-
less of partner drug to reconsider whether this practice is
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Figure 1.  Fluoroguinolone-rifampin vs other regimens with or without rifampin: clinical cure in staphylococcal prosthetic joint infection managed with debridement and
implant retention. A, Comparison of clinical cure rates achieved with fluoroquinolone-rifampin combinations vs all other regimens. B, Comparison of clinical cure rates ach-
ieved with fluoroquinolone-rifampin combinations vs nonfluoroquinolone rifampin combinations. C, Comparison of clinical cure rates achieved with fluoroquinolone-rifampin
combinations vs regimens without rifampin. 0, Comparison of clinical cure rates achieved with nonfluoroguinolone rifampin combinations vs regimens without rifampin. Event
rates in several studies were not reported directly but could be back-calculated from the presented data.

evidence-based. Authors of future PJI guidelines should reeval-
uate whether the modern body of literature continues to sup-
port a strong general recommendation for adjunctive
rifampin in staphylococcal PJI managed with DAIR, or whether

the data for risks and benefits are uncertain and nuanced
enough that an updated recommendation ought be conditional
and narrower in scope. Either way, an adequately powered
double-blind, double-placebo RCT is urgently needed to define
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the optimal antimicrobial therapy for patients undergoing
DAIR for PJI.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
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ing author.

Acknowledgments

The authors thank Dr. Henk Scheper and colleagues for their systematic
review, upon which this work is based, and Dr. Jaime Lora-Tamayo, who
provided stratified outcomes data from his 2013 study.

Financial support. This work was unfunded.

Potential conflicts of interest. All authors: no reported conflicts of inter-
est. All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Osmon DR, Berbari EF, Berendt AR, et al. Diagnosis and management of pros-
thetic joint infection: clinical practice guidelines by the Infectious Diseases
Society of America. Clin Infect Dis 2013; 56:¢1-25.

2. Zimmerli W, Widmer AF, Blatter M, Frei R, Ochsner PE. Role of rifampin for
treatment of orthopedic implant-related staphylococcal infections: a randomized
controlled trial. Foreign-Body Infection (FBI) Study Group. JAMA 1998; 279:
1537-41.

3. Karlsen @, Borgen P, Bragnes B, et al. Rifampin combination therapy in staphy-
lococcal prosthetic joint infections: a randomized controlled trial. ] Orthop Surg
Res 2020; 15:365.

4. Scheper H, Gerritsen LM, Pijls BG, Van Asten SA, Visser LG, De Boer MG]J.
Outcome of debridement, antibiotics, and implant retention for staphylococcal

hip and knee prosthetic joint infections, focused on rifampicin use: a systematic
review and meta-analysis. Open Forum Infect Dis 2021; 8:XXX-XX.

. Argenson JN, Arndt M, Babis G, et al. Hip and knee section, treatment, debride-

ment and retention of implant: proceedings of International Consensus on
Orthopedic Infections. J Arthroplasty 2019; 34:5399-419.

. Zimmerli W, Frei R, Widmer AF, Rajacic Z. Microbiological tests to predict treat-

ment outcome in experimental device-related infections due to Staphylococcus
aureus. ] Antimicrob Chemother 1994; 33:959-67.

. Lora-Tamayo J, Murillo O, Iribarren JA, et al. A large multicenter study of

methicillin-susceptible and methicillin-resistant Staphylococcus aureus prosthetic
joint infections managed with implant retention. Clin Infect Dis 2013; 56:182-94.

. Bhagat H, Sikka MK, Sukerman ES, Makadia J, Lewis JS 2nd, Streifel AC.

Evaluation of opportunities for oral antibiotic therapy in bone and joint infections
[published online ahead of print June 3, 2022]. Ann Pharmacother. https://doi.
org/10.1177/10600280221101105.

. Beldman M, Léwik C, Soriano A, et al. If, when, and how to use rifampin in acute

staphylococcal periprosthetic joint infections, a multicentre observational study.
Clin Infect Dis 2021; 73:1634-41.

. Tai DBG, Berbari EF, Suh GA, Lahr BD, Abdel MP, Tande MP. Truth in DAIR:

duration of therapy and the use of quinolone/rifampin-based regimens following
debridement and implant retention for periprosthetic joint infections. Open
Forum Infect Dis 2022; 9:XXX-XX.

. Li HK, Rombach I, Zambellas R, et al. Oral versus intravenous antibiotics for bone

and joint infection. N Engl ] Med 2019; 380:425-36.

. Pushkin R, Iglesias-Ussel MD, Keedy K, et al. A randomized study evaluating oral

fusidic acid (CEM-102) in combination with oral rifampin compared with
standard-of-care antibiotics for treatment of prosthetic joint infections: a newly
identified drug-drug interaction. Clin Infect Dis 2016; 63:1599-604.

. Vollmer NJ, Rivera CG, Stevens RW, et al. Safety and tolerability of fluoroquin-

olones in patients with staphylococcal periprosthetic joint infections. Clin
Infect Dis 2021; 73:850-6.

. Suzuki H, Goto M, Nair R, et al. Effectiveness and optimal duration of adjunctive

rifampin treatment in the management of Staphylococcus aureus prosthetic joint
infections after debridement, antibiotics, and implant retention. Open Forum
Infect Dis 2022; 9:XXX-XX.

4 « OFID « Cortés-Penfield et al


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac582#supplementary-data
https://doi.org/10.1177/10600280221101105
https://doi.org/10.1177/10600280221101105

	Adjunctive Rifampin Following Debridement and Implant Retention for Staphylococcal Prosthetic Joint Infection: Is it Effective if not Combined With a Fluoroquinolone?
	METHODS
	RESULTS
	DISCUSSION
	Supplementary Data
	Acknowledgments
	References




