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Case Report
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Abstract: This is a case series of 10 patients who had staphylococcal biofilm infections that were
treated with adjuvant rifabutin therapy instead of rifampin therapy. In these cases, rifampin
was contraindicated secondary to drug—drug interactions with the patients’ chronic medications.
Rifabutin therapy was well tolerated with no side effects. As well, no patients had recurrence of their
staphylococcal infections. This case series shows that rifabutin can be a beneficial adjuvant therapy in
Staphylococcus biofilm infections when drug—drug interactions limit the use of rifampin.
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1. Introduction

Prosthetic joint replacements, vascular grafts, spinal fusions and other surgical interventions
involving prosthetic material have improved the quality of life and reduced morbidity for a countless
number of patients [1,2]. However, when these prosthetic materials become infected, we have limited
therapeutic options to cure these infections [1,2]. Bacterial biofilms are the main reason these infections
are so hard to cure with conventional antibiotics. Unfortunately, given the architecture and the low
metabolic activity of bacteria in biofilms, conventional antibiotics have limited activity against bacteria
in these sessile states [3]. In biofilms, bacteria can be up to 1000 times more resistant to antibiotics
compared with the same bacteria in a planktonic state [3].

Approximately 50-60 percent of prosthetic joint infections (P]I) are caused by Staphylococcus
species [4]. Rifampin is the most widely used anti-staphylococcal antibiotic that has in vitro activity
to Staphylococcus biofilms [5-7]. Numerous guidelines recommend using rifampin as an adjuvant
therapy to help cure staphylococcal biofilm infections [8,9]. Unfortunately rifampin is a strong inducer
of multiple cytochrome P450 (CYP450) oxidative enzymes and the P-glycoprotein (P-gp) transport
system. CYP450 enzymes play a role in the metabolism of many medications, and P450 enzyme
inducers can increase the metabolism of medications that are CYP450 substrates. P-gp is extensively
expressed in the intestinal epithelium and liver cells where drugs can be pumped back into the
intestinal lumen or bile ducts, respectively. One study suggested that up to 30 percent of patients
can have significant drug-drug interactions, not allowing for rifampin to be used [10]. Rifabutin has
comparable in vitro anti-Staphylococcus activity to planktonic and biofilm states, but is a weaker inducer
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of fewer CYP450 enzymes and does not affect transport proteins such as P-gp [10]. Therefore, rifabutin
has less drug—drug interaction potential and could be used in patients with multiple comorbidities
that require numerous concomitant medications. Unfortunately, clinical data supporting its use for
this indication are limited. In this case series, we present a group of patients with staphylococcal
biofilm infections who were successfully treated with adjuvant rifabutin therapy instead of rifampin
secondary to significant drug—drug interactions. To our knowledge, this is the first reported use of
in vivo rifabutin therapy for staphylococcal biofilm infections.

2. Cases

Rifabutin was used instead of rifampin for 10 patients at the University of Maryland Medical
Center over a three-year period. All patients had chronic staphylococcal infections involving prosthetic
material; six with methicillin-sensitive S. aureus (MSSA), three with methicillin-resistant S. aureus
(MRSA) and one with both MRSA and MSSA. The clinical isolates were all obtained from aerobic
bacterial cultures of the prosthetic material at the time of surgical intervention. The S. aureus isolates
all had minimal inhibitory concentrations for rifampin that were less than 0.5 mg/L. All patients
received rifabutin instead of rifampin due to potential drug-drug interactions with the patients’
other concomitant medications including methadone (n = 3), anticoagulants (1 = 5), anti-arrhythmic
medications (1 = 2), antipsychotic medications (n = 1) and anti-retroviral medications (n = 1)—some
patients were on multiple medications that were contraindicated with rifampin. Rifabutin was used
in combination with standard of care antibiotic therapy for at least six weeks. Standard of care
antibiotics included cefazolin (n = 4), ceftaroline (n = 3), nafcillin (n = 1), daptomycin (n = 1) and
levofloxacin (n = 1). All patients remained on rifabutin for the duration of their intravenous antibiotics
as indicated in Table 1. No rifabutin therapy was continued longer than the intravenous antibiotic
durations indicated.

Surgical intervention was performed on all patients. One-stage revision refers to the removal of
prosthetic material and placement of new prosthetic material during the same surgery. Two stage
revision refers to the removal of prosthetic material and placement of prosthesis after an intravenous
antibiotic course. In this case series, all patients were followed for at least one year, and no patients
experienced recurrence of infection. No patients experienced any rifabutin-attributed adverse events.
Further details on patient cases can be found in Table 1.



Antibiotics 2020, 9, 326

Table 1. Patients who received rifabutin for staphylococcal infection.

. Reason for . . Antimicrobial . Adverse
Age Sex Infection Rifabutin Microbiology Therapy Surgical Management Effects Outcome
1 35 F Va.scular. graft methadone MSSA cefazolin for one-stage revision none No recurrence at 2. years,
infection 6 weeks no suppressive antibiotics
. . . hardware removal and
femoral hardware anticoagulation ceftaroline for . . No recurrence at 1 year,
2 40 M . . MRSA intramedullary nail none . S0
infection and methadone 6 weeks on suppressive antibiotics
placement
hip prosthetic cefazolin for No recurrence in 6 months,
3 42 M PP . anticoagulation MSSA one-stage revision none no suppressive antibiotics,
joint infection 6 weeks
lost to follow up
4 57 M h1p b OSth?hC anticoagulation MRSA ceftaroline for one-stage revision none No recurrence at 1 yeal
joint infection 6 weeks no suppressive antibiotics
5 58 k.n.ee p rosthehc antiarrhythmic MRSA/MSSA ceftaroline for one-stage revision none No recurre.nce at 1 }f'ea'r,
joint infection 6 weeks no suppressive antibiotics
6 @2 M femqral ha.rdware HIV medications MRSA daptomycin 1rr1ga.t10n and none No fu%"ther MRSA 1nf(.3ct10n
infection for 6 weeks debridement at time of amputation
hip prosthetic anticoagulation and cefazolin for two-stage revision with No recurrence at 2 years,
7 63 I . . . MSSA . . none . A
joint infection antiarrhythmic 6 weeks cerclage wires retained no suppressive antibiotics
8 64 M spm‘al hal.'dware methadone MSSA cefazolin for 1rr1ga't10n and none No recurrence,
infection 6 weeks debridement no suppression antibiotics
9 64 M k.nge P rosthetlc anticoagulation MSSA 1evoﬂoxac1r:‘ two-stage revision none No recurrence at 2. years,
joint infection for 8 weeks no suppressive antibiotics
10 69 F spinal hardware antipsychotic MSSA nafcillin for irrigation and none No recurrence at 1 year,

infection

8 weeks

debridement

on suppressive antibiotics

MSSA—methicillin-sensitive Staphylococcus aureus, MRSA—methicillin-resistant Staphylococcus aureus. * This patient had severe allergies to penicillin, cephalosporins, vancomycin,

daptomycin and pancytopenia with linezolid. Therefore, a unique regimen of levofloxacin and rifabutin was used for his MSSA PJI.

30f6
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3. Discussion

Rifamycins were discovered in the 1950s when they were isolated from Amycolatopsis mediterranea
and were noted to have activity against Mycobacterium tuberculosis [11]. Since then, additional
semisynthetic rifamycins have been created which include rifabutin, rifapentine and rifaximin.
These antimicrobial agents have a broad range of activity against mycobacterium, Gram-positive
bacteria and even some Gram-negative bacterial species: Haemophilus, Neisseria and others [11].
Rifamycins have excellent bactericidal staphylococcal activity [10]. Their mechanism of action is
through inhibition of bacterial DNA-dependent RNA polymerase, which blocks the elongation of
bacterial RNA [12]. This is independent of bacterial division, therefore resulting in activity against
bacteria with low metabolic activity, similar to bacteria that are present in biofilms [13]. Rifamycins are
also active in acidic, anaerobic environments and can accumulate in neutrophils and osteoblasts [14-16].
These properties allow for rifamycins to be attractive agents in staphylococcal biofilm infections [15].
However, when used alone, there is a high risk of the development of resistance [13,17]. As a
consequence, rifamycins should not be used alone but rather as adjuvant therapies when treating
staphylococcal biofilm infections. Resistance usually occurs from mutations of the rpoB gene [18].
Some studies suggest rpoB mutations confer cross-resistance to other rifamycins [18]. However, further
in vitro studies are needed to evaluate if all poB mutations have cross-resistance to other rifamycins or
if some retain activity.

The use of rifampin can be poorly tolerated given gastrointestinal intolerances and liver toxicity.
As a strong inducer of multiple CYP450 enzymes including CYP3A4 and CYP2C19, it can lead to
the increased metabolism of many medications that are CYP450 substrates (use CYP450 enzymes in
their metabolic pathway) such as anticoagulants, HIV medications, anti-arrhythmics and methadone,
to name a few. These drug—drug interactions can significantly limit its use. This case series displays
cases where rifampin could not be used mainly secondary to interactions with anticoagulation
medications. However, Table 1 shows additional patients in which rifampin could not be used because
of significant drug—drug interactions with some other medications such as methadone, HIV medications
and antipsychotics.

Compared with rifampin, rifabutin has the same anti-staphylococcal mechanism of action but it
has a better toxicity profile and longer half-life [19]. Rifampin is associated with adverse reactions such
as hepatitis, cholestasis, dermatological events and gastrointestinal disturbances. While rifabutin is not
free from potential toxicity and can still be associated with hepatitis and uniquely uveitis, it is associated
with fewer adverse events than rifampin [20,21]. In addition, rifabutin’s in vitro anti-Staphylococcus
activity is comparable to rifampin [10]. It is also a weaker inducer of various CYP450 enzymes
and does not induce or inhibit any transport proteins. This results in fewer drug—-drug interactions
compared with rifampin. This case series suggests that rifabutin is a viable option when rifampin is
contraindicated in staphylococcal biofilm infections.

To this research team’s knowledge, this is the first published use of rifabutin in treating in vivo
staphylococcal biofilm infections. Therefore, there are limited data to suggest the appropriate dosing
of rifabutin in staphylococcal infections. Here at the University of Maryland Medical Center, we use an
oral dose of 300 mg daily. This dose was adopted from rifabutin dosing used in mycobacterial and
H. pylori infections. Lower doses could potentially be equally advantageous but the paucity of data
with respect to rifabutin use in staphylococcal infections limits proper dosing regimens. This could be
particularly advantageous as rifabutin at 150 mg per day has been shown to have the best risk-benefit
ratio in efficacy and lowest incidence of adverse effects in tuberculosis treatment [21]. However,
until further studies are conducted, we suggest a dose of 300 mg daily.

Rifabutin was well tolerated and no adverse events were observed. There were no cases of uveitis,
but this case series is limited in its small sample size. Larger studies will need to be conducted to
compare tolerability and toxicity to rifampin. In addition, this case series only had patients with
Staphylococcus aureus (four MRSA and six MSSA) infections. No coagulase negative staphylococcal
infections were studied in this case series. However, the in vivo activity of rifabutin to coagulase
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negative staphylococcal infections is likely comparable to rifampin, but limited data are available to
support this claim [10,22].

4. Conclusions

In conclusion, in vitro data suggest that rifabutin has comparable activity to that of rifampin
against staphylococcal planktonic and biofilm states [10]. Further studies could be conducted assessing
the noninferiority of rifabutin compared with rifampin in staphylococcal biofilm infections, but these
studies may require large sample sizes and funding for these may be arduous. Nonetheless, this case
series reinforces the potential utility of using rifabutin in staphylococcal biofilm infections when
rifampin is contraindicated.

Author Contributions: ].B.D. and E.L.H. and R.N. carried out the clinical experimental treatments. J.B.D. wrote
the manuscript with contributions from A.N.-M., EL.H., RN. and PR.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Natsuhara, K.M.; Shelton, T.J.; Meehan, ]J.P.; Lum, Z.C. Mortality during Total Hip Periprosthetic Joint
Infection. Arthroplasty 2019, 34, S337-5342. [CrossRef] [PubMed]

2. Kilic, A.; Arnaoutakis, D.J.; Reifsnyder, T.; Black, J.H., III; Abularrage, C.].; Perler, B.A.; Lum, Y.W. Management
of infected vascular grafts. Vasc. Med. 2016, 21, 53-60. [CrossRef] [PubMed]

3.  Mah, TEC,; O'Toole, G.A. Mechanisms of biofilm resistance to antimicrobial agents. Trends Microbiol. 2001, 9,
34-39. [CrossRef]

4.  Tande, AJ,; Patel, R. Prosthetic joint infection. Clin. Microbiol. Rev. 2014, 27, 302-345. [CrossRef] [PubMed]

5. Yan, Q. Karau, M.J,; Raval, Y.S.; Patel, R. Evaluation of Oritavancin Combinations with Rifampin, Gentamicin,
or Linezolid against Prosthetic Joint Infection-Associated Methicillin-Resistant Staphylococcus aureus
Biofilms by Time-Kill Assays. Antimicrob. Agents Chemother. 2018, 62, e00943-18. [CrossRef] [PubMed]

6.  Siala, W.,; Rodriguez-Villalobos, H.; Fernandes, P; Tulkens, PM.; Van Bambeke, F. Activities of Combinations
of Antistaphylococcal Antibiotics with Fusidic Acid against Staphylococcal Biofilms in In Vitro Static and
Dynamic Models. Antimicrob. Agents Chemother. 2018, 62, e00598-18. [CrossRef]

7. El Haj, C.; Murillo, O.; Ribera, A.; Lloberas, N.; Gomez-Junyent, J.; Tubau, F.,; Fontova, P; Cabellos, C.; Ariza, J.
Evaluation of linezolid or trimethoprim/sulfamethoxazole in combination with rifampicin as alternative oral
treatments based on an in vitro pharmacodynamic model of staphylococcal biofilm. Int. ]. Antimicrob. Agents
2018, 51, 854-861. [CrossRef]

8. Osmon, D.R; Berbari, E.F; Berendt, A.R.; Lew, D.; Zimmerli, W.; Steckelberg, ]. M.; Rao, N.; Hanssen, A.;
Wilson, W.R. Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the
Infectious Diseases Society of America. Clin. Infect. Dis. 2013, 56, e1-e25. [CrossRef]

9.  Baddour, L.M.; Wilson, W.R,; Bayer, A.S.; Fowler, V.G, Jr.; Tleyjeh, I.M.; Rybak, M.].; Barsic, B.; Lockhart, P.B.;
Gewitz, M.H.; Levison, M.E,; et al. Infective Endocarditis in Adults: Diagnosis, Antimicrobial Therapy,
and Management of Complications. Circulation 2015, 132, 1435-1486. [CrossRef]

10. Albano, M.; Karau, M.].; Greenwood-Quaintance, K.E.; Osmon, D.R.; Oravec, C.P.; Berry, D.J.; Abdel, M.P;
Patel, R. In Vitro Activity of Rifampin, Rifabutin, Rifapentine, and Rifaximin against Planktonic and Biofilm
States of Staphylococci Isolated from Periprosthetic Joint Infection. Antimicrob. Agents Chemother. 2019,
63, €00959-19. [CrossRef]

11.  Sensi, P. History of the development of rifampin. Rev. Infect. Dis. 1983, 5 (Suppl. S3), S402-5406. [CrossRef]
[PubMed]

12.  Campbell, E.A.; Korzheva, N.; Mustaev, A.; Murakami, K.; Nair, S.; Goldfarb, A.; Darst, S.A. Structural
mechanism for rifampicin inhibition of bacterial rna polymerase. Cell 2001, 104, 901-912. [CrossRef]

13.  Perlroth, J.; Kuo, M.; Tan, J.; Bayer, A.S.; Miller, L.G. Adjunctive use of rifampin for the treatment of
Staphylococcus aureus infections: A systematic review of the literature. Arch. Intern. Med. 2008, 168, 805-819.
[CrossRef]


http://dx.doi.org/10.1016/j.arth.2018.12.024
http://www.ncbi.nlm.nih.gov/pubmed/30642705
http://dx.doi.org/10.1177/1358863X15612574
http://www.ncbi.nlm.nih.gov/pubmed/26584886
http://dx.doi.org/10.1016/S0966-842X(00)01913-2
http://dx.doi.org/10.1128/CMR.00111-13
http://www.ncbi.nlm.nih.gov/pubmed/24696437
http://dx.doi.org/10.1128/AAC.00943-18
http://www.ncbi.nlm.nih.gov/pubmed/30012765
http://dx.doi.org/10.1128/AAC.00598-18
http://dx.doi.org/10.1016/j.ijantimicag.2018.01.014
http://dx.doi.org/10.1093/cid/cis803
http://dx.doi.org/10.1161/CIR.0000000000000296
http://dx.doi.org/10.1128/AAC.00959-19
http://dx.doi.org/10.1093/clinids/5.Supplement_3.S402
http://www.ncbi.nlm.nih.gov/pubmed/6635432
http://dx.doi.org/10.1016/S0092-8674(01)00286-0
http://dx.doi.org/10.1001/archinte.168.8.805

Antibiotics 2020, 9, 326 60f6

14.

15.

16.

17.

18.

19.

20.

21.

22.

Norden, C.W.; Shaffer, M. Treatment of experimental chronic osteomyelitis due to Staphylococcus aureus
with vancomyecin and rifampin. J. Infect. Dis. 1983, 147, 352-357. [CrossRef]

Mandell, G.L. The antimicrobial activity of rifampin: Emphasis on the relation to phagocytes. Rev. Infect. Dis.
1983, 5 (Suppl. S3), S463-5467. [CrossRef] [PubMed]

Valour, F; Trouillet-Assant, S.; Riffard, N.; Tasse, J.; Flammier, S.; Rasigade, J.P; Chidiac, C;
Vandenesch, F; Ferry, T.; Laurent, F. Antimicrobial activity against intraosteoblastic Staphylococcus aureus.
Antimicrob. Agents Chemother. 2015, 59, 2029-2036. [CrossRef] [PubMed]

Achermann, Y.; Eigenmann, K.; Ledergerber, B.; Derksen, L.; Rafeiner, P.; Clauss, M.; Niiesch, R.; Zellweger, C.;
Vogt, M.; Zimmerli, W. Factors associated with rifampin resistance in staphylococcal periprosthetic joint
infections (PJI): A matched case-control study. Infection 2013, 41, 431-437. [CrossRef]

Wichelhaus, T.A.; Schafer, V.; Brade, V.; Bodddinghaus, B. Molecular Characterization of rpoB
Mutations Conferring Cross-Resistance to Rifamycins on Methicillin-Resistant Staphylococcus aureus.
Antimicrob. Agents Chemother. 1999, 43, 2813-2816. [CrossRef]

Aristoff, PA.; Garcia, G.A.; Kirchhoff, P.D.; Showalter, H.H. Rifamycins obstacles and opportunities.
Tuberculosis 2010, 90, 94-118. [CrossRef]

Chien, J.Y.; Chien, S.T.; Huang, S.Y.; Yu, C.J. Safety of rifabutin replacing rifampicin in the treatment
of tuberculosis: A single-centre retrospective cohort study. J. Antimicrob. Chemother. 2013, 69, 790-796.
[CrossRef]

Gonzalez-Montaner, L.J.; Natal, S.; Yongchaiyud, P.; Olliaro, P.; Abbate, E.; Mosca, C.; Casado, G.; Di
Lonardo, M.; Gerhart-Filho, G.; Betjel, L; et al. Rifabutin for the treatment of newly diagnosed pulmonary
tuberculosis: A multinational, randomized, comparative study versus rifampicin. Tuber. Lung Dis. 1994, 75,
341-347. [CrossRef]

Zheng, Z.; Stewart, PS. Penetration of rifampin through Staphylococcus epidermidis biofilms.
Antimicrob. Agents Chemother. 2002, 46, 900-903. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/infdis/147.2.352
http://dx.doi.org/10.1093/clinids/5.Supplement_3.S463
http://www.ncbi.nlm.nih.gov/pubmed/6356278
http://dx.doi.org/10.1128/AAC.04359-14
http://www.ncbi.nlm.nih.gov/pubmed/25605365
http://dx.doi.org/10.1007/s15010-012-0325-7
http://dx.doi.org/10.1128/AAC.43.11.2813
http://dx.doi.org/10.1016/j.tube.2010.02.001
http://dx.doi.org/10.1093/jac/dkt446
http://dx.doi.org/10.1016/0962-8479(94)90079-5
http://dx.doi.org/10.1128/AAC.46.3.900-903.2002
http://www.ncbi.nlm.nih.gov/pubmed/11850284
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Cases 
	Discussion 
	Conclusions 
	References

