
BRIEF REPORT • OFID • 1

Open Forum Infectious Diseases                                   

B R I E F  R E P O R T

High Prescription Rate of Medications 
With Rifampin Drug–drug Interactions 
in Patients With Diabetic Foot 
Osteomyelitis: Should Rifabutin Be 
Included in Clinical Trials for 
Adjunctive Therapy?
Christina Mallarino-Haeger,1 Allison Watson,2, Umnia Mahgoub,3, Lily Francis,4,

Maryam Heydari,3, Muaaz Choudhary,5 Manuel Garcia-Toca,6,7 Manish Patel,7,

Russell R. Kempker,1,7, Maya Fayfman,7,8 and Marcos C. Schechter1,7,

1Division of Infectious Diseases, Department of Medicine, Emory University School of 
Medicine, Atlanta, Georgia, USA, 2Department of Global Health, Rollins School of Public 
Health, Emory University, Atlanta, Georgia, USA, 3Department of Epidemiology, Rollins School 
of Public Health, Emory University, Atlanta, Georgia, USA, 4Medical College of Georgia, 
Augusta University, Augusta, Georgia, USA, 5Lewis Katz School of Medicine, Temple 
University, Philadelphia, Pennsylvania, USA, 6Division of Vascular Surgery, Department of 
Surgery, Emory University School of Medicine, Atlanta, Georgia, USA, 7Grady Health System, 
Atlanta, Georgia, USA, and 8Division of Endocrinology, Metabolism, and Lipids, Emory 
University School of Medicine, Atlanta, Georgia, USA

Rifampin may improve diabetic foot osteomyelitis outcomes, 
but its extensive drug–drug interactions could hamper its 
use. Here, through a review of the medications prescribed to 
a cohort of 190 persons with diabetic foot osteomyelitis, we 
show that rifabutin, a rifamycin with fewer drug–drug 
interactions, would be easier to implement in practice.
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Diabetes is a leading cause of preventable limb loss globally and 
diabetic foot osteomyelitis (DFO) is one of the strongest risk fac
tors for lower extremity amputations [1–3]. However, DFO anti
biotic management is highly variable and there are few data to 
guide antibiotic management, including whether or not to use 
a rifamycin-containing regimen [4–6]. The VA INTREPID is 
an ongoing randomized clinical trial investigating whether ad
junctive rifampin improves DFO outcomes [7]. The trial 

population consists of persons with definite or probable DFO ac
cording to international guidelines and the identity of the infect
ing organism(s) is not included in the study’s selection criteria [7, 
8]. A preliminary VA observational study found higher rates of 
amputation-free survival among those who received adjunctive 
rifampin therapy [4]. Patients who received rifampin were youn
ger and had fewer comorbidities compared to those who did not 
receive rifampin. The authors speculate these significant differ
ences might be related to drug–drug interactions (DDIs), which 
highlights one of the most important barriers to the use of this 
drug. As such, there has been increased interest in evaluating ri
fabutin, a rifamycin with less potent induction of CYP3A4 and 
p-glycoprotein and thus fewer DDIs compared to rifampin [9]. 
There is limited yet promising evidence that rifabutin may serve 
as an alternative to rifampin for bone and joint infections. These 
data include in vitro [10, 11], animal model [12], and small case 
series [13, 14] suggesting rifampin and rifabutin exhibit similar 
activity against staphylococcal bone and joint infections. The 
question of whether adjunctive rifampin therapy improves out
comes in DFO is essential, but implementing rifampin in clinical 
practice may be challenging given the high number of DDIs be
tween rifampin and commonly used medications. Here, we 
sought to evaluate the extent to which DDIs could be barrier to 
using rifampin compared with rifabutin for DFO.

METHODS

Study Design and Definitions

We performed a retrospective cohort study of all patients hospital
ized with DFO between 2017 and 2019 in a high-volume diabetic 
foot ulcer (DFU) center who were discharged on systemic antibi
otics. Given that many medications are lifelong prescriptions for 
chronic conditions, we included only the first hospital admission 
with DFO to avoid overestimation of DDIs resulting from patients 
with multiple hospitalizations. Patients hospitalized with a DFO 
were identified using previously described methods [15]. Briefly, 
we queried hospital discharge billing records using International 
Classification of Diseases, revision 10, codes for DFU, DFO, and/ 
or lower extremity amputation. If an International Classification 
of Diseases, revision 10, code of interest were present, we per
formed a manual chart review to confirm these diagnoses. DFO 
was defined based on a foot X-ray and/or magnetic resonance im
aging obtained during or 3 months before the hospitalization, giv
en poor documentation of probe-to-bone tests in our institution.

Among included patients, we reviewed the records to deter
mine if a bacterial culture from soft tissue and/or bone was ob
tained and if Staphylococcus aureus was present because it is the 
most common DFO-associated bacteria and data suggest rifa
mycins are especially beneficial for S aureus–associated 
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osteomyelitis [16]. We also reviewed the medical records for 
comorbidities that increase DFO-associated amputation risk 
(eg, peripheral artery disease [PAD]) and those that are likely 
to require use of medications associated with rifamycin 
DDIs (heart failure, PAD, cerebrovascular disease, atrial 
fibrillation, deep venous thrombosis, and pulmonary embo
lism). All chart reviews were performed by trained person
nel using a standardized case report form and entered in a 
REDCap database [17].

To investigate if potential rifamycin DDIs were present, we 
used the electronic medical records to obtain the complete list 
of medications prescribed at hospital discharge. We then de
termined the predicted number of DDIs between rifampin 
and rifabutin with discharge medications if one of these rifa
mycins had been prescribed. DDIs were determined using the 
Lexicomp database with focus on categories D (consider ther
apy modification) and X (avoid combination) [18]. Last, we 
determined the number of predicted DDIs between rifampin 
and rifabutin with discharge medications if a discharge med
ication was substituted for a medication within the same class 
that has a better rifamycin DDI profile (eg, switch omeprazole, 
rifampin class X, to pantoprazole, no significant rifampin 
interaction).

RESULTS

We identified 190 unique patients diagnosed with DFO and 
discharged on antibiotics between 2017 and 2019. The median 
age was 55 years, most patients were male 137 (72%), and the 
median hemoglobin A1c was 9.2% (Table 1). The prevalence 
of comorbidities is described in Table 1. Notably, only 10 

(5%) patients had a diagnosis of PAD. Cultures were obtained 
in 101 (53%) cases and S aureus was identified in 28% of those. 
No patients were discharged on rifampin for DFO.

Among the 190 patients, 38 (20%) were discharged on ≥1 
medication with a rifampin class X DDI and these 38 patients 
were prescribed a total of 40 medications with a rifampin class 
X DDI (Table 2). Among these 40 medications, the most com
mon were proton pump inhibitors (PPIs) (n = 28 [70%]) fol
lowed by directly acting oral anticoagulants (n = 8 [20%]). 
Conversely, 2 (1%) patients were discharged on ≥1 medication 
with a rifabutin class X DDI, and all were antiretrovirals.

Ninety-five (50%) patients were discharged on ≥1 medica
tion with a rifampin class D DDI; these 95 patients were pre
scribed a total of 131 medications with a rifampin class D 
DDI. Among these 131 medications, the most common were 
atorvastatin (n = 69 [53%]) followed by clopidogrel (n = 20 
[15%]). Five (3%) patients were prescribed antipsychotics, 

Table 1. Baseline Characteristics

Characteristic N = 190

Age, median (IQR), y 55 (46–60)

Male 137 (72)

Baseline HbA1c, median (IQR) 9.2 (7–12)

Comorbidities

Heart failure 34 (18)

Peripheral artery disease 10 (5)

Cerebrovascular disease 19 (10)

Atrial fibrillation 3 (2)

Deep venous thrombosis/pulmonary embolism 9 (5)

Infection and treatment

Culture obtained 101 (53)

Nonsurgical culture 42 (42)

Surgical culture 59 (58)

S aureus identified 28 (28)

Intravenous antibiotics on discharge 56 (30)

Total number of antibiotics on discharge, median (IQR) 2 (1–2)

Medications prescribed at hospital discharge

Total number of medications, median (IQR) 8 (6–11)

All data are presented as n (%) unless stated otherwise.

Abbreviations: HbA1c, hemoglobin A1c; IQR, interquartile range.

Table 2. Rifamycin Drug–drug Interactions (n = 190)

Rifampin Rifabutin

Lexicomp class X drug–drug interactions

Patients with ≥1 prescription with a class X DDI, n (%) 38 (20) 2 (1)

Total prescriptions with class a X DDI, n 40 2

Medication classes (% of prescriptions with a class X 
DDI)

Directly acting oral anticoagulant 8 (20) -

Proton pump inhibitors 28 (70) -

Antiretrovirals 2 (5) 2 (100)

Ibrutinib 1 (3) -

Naloxegol 1 (3) -

Lexicomp class D drug–drug interactions

Patients with ≥1 prescription with a class D DDI, n (%) 95 (50) 3 (2)

Total prescriptions with class a D DDI, n 131 3

Medication classes (% of total prescriptions with a 
class D DDI)

Atorvastatin 69 (53) …

Clopidogrel 20 (15) …

Trazodone 5 (4) …

Cefazolin 13 (10) …

Warfarin 2 (2) 2 (67)

Antipsychotics 5 (4) …

Levonorgestrel … 1 (33)

Other 17 (13) …

Rifamycin drug–drug interactions if within-class medications substituteda

Lexicomp class X drug–drug interactions

Patients with ≥1 prescription with a class X interaction, 
n (%)

12 (6) 2 (1)

Total prescriptions with class a X drug–drug 
interaction, n

12 2

Lexicomp class D drug–drug interactions

Patients with ≥1 prescription with a class D 
interaction, n (%)

52 (27) 3 (2)

Total prescriptions with class a D drug–drug 
interaction, n

62 3

Abbreviation: DDI, drug–drug interaction.
aProton pump inhibitors (esomeprazole n = 22, lansoprazole n = 1, and omeprazole n = 5) 
and atorvastatin n = 69.
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and 2 (1%) patients were prescribed warfarin. Conversely, 
3 (2%) patients were discharged on ≥1 medication with a rifa
butin class D DDI; 2 were prescribed warfarin and 1 was pre
scribed levonorgestrel.

If the PPIs with a rifampin class X DDI esomeprazole, omep
razole, and lansoprazole were substituted for pantoprazole or 
the statin with a class D rifampin, DDI atorvastatin was substi
tuted for rosuvastatin, pravastatin, or simvastatin and the num
ber of patients discharged on ≥1 medication with a class X or 
class D rifampin DDI would be 12 (6%) and 52 (27%), respec
tively. These substitutions would not alter the number of pa
tients with a class X or D rifabutin DDI.

DISCUSSION

We performed a retrospective study of patients with DFO who 
might benefit from rifampin adjunctive therapy, should this ap
proach prove effective in the ongoing VA INTREPID trial [7]. 
We found that considerably more patients were prescribed 
medications with a Lexicomp class X (avoid combination) 
and/or class D (consider therapy modification) rifampin DDI 
compared to rifabutin. This suggests rifabutin may be easier 
than rifampin to implement in clinical practice and rifabutin 
should be considered for future clinical trials.

It is noteworthy that most of the class X rifampin interac
tions were due to PPIs, which, cost aside, may be substituted 
by a different PPI (eg, use pantoprazole instead of omepra
zole) or H2 blockers that have minimal or no rifampin 
DDIs [9]. Indeed, when we excluded all PPI prescriptions, 
the number of patients with at least 1 medication with a class 
X rifampin interaction decreased from 20% to 6%. In contrast, 
class X rifampin DDIs that may be prohibitive such as directly 
acting oral anticoagulants and class D rifampin DDIs that are 
difficult to manage such as warfarin were infrequent, even 
though atrial fibrillation and venous thromboembolism had 
higher prevalence compared to the general population 
[19, 20]. Most class D rifampin DDIs were due to atorvastatin, 
which, cost aside, may be substituted for other statins with a 
better DDI profile such as rosuvastatin. When we excluded 
all atorvastatin prescriptions, the number of patients with at 
least 1 medication with a class D rifampin interaction de
creased from 50% to 27%, which is still a significant propor
tion of our patient population. Conversely, antipsychotics 
and clopidogrel, which might be challenging to substitute, ac
counted for 4% and 11% of rifampin class D interactions, re
spectively. Clopidogrel is notable given the overlap of PAD 
and DFUs [21] and that rifampin coadministration increases 
clopidogrel active metabolites, possibly increasing bleeding 
risk [22]. Last, 13 (7%) of patients were prescribed cefazolin, 
which has a rifampin class D interaction because of increased 
bleeding risk [23]. This is relevant because methicillin- 

susceptible S aureus DFO is common, and cefazolin is a first- 
line antibiotic in that scenario [6, 16].

The prevalence of PAD in this cohort was remarkably low 
(5%). For example, in Eurodiale, a landmark European multi
site study that systematically investigated for PAD among 
1299 patients with a DFU, 49% had PAD [21]. Similarly, the 
PAD prevalence was 37% in the previously mentioned 
VA-based rifampin observational study [4]. We hypothesize 
that these differences could be due to PAD underdiagnosis in 
this cohort because of limited vascular testing during the study 
period [24] or from inaccurate clinical documentation. The 
high coprevalence of PAD and DFO may be a substantial bar
rier to using rifampin. The latest IWGDF PAD guidelines rec
ommend an antiplatelet agent, preferably clopidogrel, for all 
persons with diabetes and symptomatic PAD [25]. These 
guidelines also state that aspirin and rivaroxaban, a direct 
oral anticoagulant, may be considered for those with diabetes 
and symptomatic PAD at low bleeding risk.

Our study limitations include the single site design and in
clusion of hospitalized patients only, limiting generalizability. 
The Food and Drug Administration approved 225 drugs 
from 2019 to date, including 5 drugs for diabetes and/or heart 
failure (finerenone, Tzield, tirzepatide, sotagliflozin, and bexa
gliflozin) and none for PAD or anticoagulation [26, 27]. 
Among these 5 drugs, only finerenone has a significant DDI 
with rifampin and rifabutin (class X for both). The low PAD 
prevalence and low frequency of clopidogrel and direct oral an
ticoagulant use may have led to the underestimation of DDIs in 
the general population. Nonetheless, our findings suggest that, 
from a DDI standpoint, rifabutin would pose significantly few
er challenges in clinical practice compared to rifampin. Using 
the Lexicomp database to identify potentially clinically signifi
cant DDIs has limitations, rifampin significantly decreases clin
damycin [28–30], linezolid [31, 32], and moxifloxacin [33] 
exposures. However, clindamycin and linezolid DDIs with ri
fampin are rated B (no action needed) and moxifloxacin with 
rifampin DDI is rated C (monitor therapy) because there 
were no known negative impact on outcomes. The lack of neg
ative associations between decreased antibiotic concentrations 
and outcomes is based on small bone and joint infection studies 
that cannot properly control for confounders or studies of oth
er types of infection (eg, tuberculosis).

The VA INTREPID trial aims to enroll 880 participants. If 
rifampin proves beneficial, a similar trial should investigate if 
rifabutin has a similar effect. However, it is exceedingly unlikely 
a well-powered trial investigating rifabutin instead of rifampin 
will be conducted. If rifampin proves beneficial, clinicians faced 
with significant rifampin DDIs will need to choose to (1) forgo 
use of a rifamycin, (2) use rifampin but adjust or substitute con
comitant medications to avert DDIs, or (3) use rifabutin despite 
lower quality or indirect evidence. Clinicians caring for people 
with DFO may need to navigate rifamycin DDIs soon, a 
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problem tuberculosis clinicians are well-acquainted to. The 
“Rifamycin Drug-Drug Interactions: A Guide for Primary 
Care Providers Treating Latent Tuberculosis Infection” was 
created to clarify drug interactions between rifamycins and 
drugs commonly used in a primary care and can be a good 
source for DFO care [9]. Additionally, to use rifabutin for 
DFO, clinicians need to become familiar with its unique ad
verse effects, including neutropenia, uveitis, and polyarthralgia, 
despite their infrequency at usual doses (300 mg daily) [34].
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