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In patients infected with human immunodeficiency virus (HIV), antiretroviral
therapy has decreased the risk of progression to acquired immunodeficiency
syndrome or death significantly. However, many individuals still present with
an opportunistic infection as the first clinical manifestation of HIV infection.
This complicates therapy due to frequent and complex drug interactions
between antiretrovirals and the drugs used to treat the opportunistic infection.
We describe a 48-year-old man coinfected with HIV and disseminated
Mycobacterium avium complex (MAC). His treatment for MAC started about
2 weeks before he started antiretroviral therapy. The MAC regimen consisted
of clarithromycin 500 mg/day, ethambutol 1200 mg/day, rifabutin 150 mg
every other day, and ciprofloxacin 500 mg twice/day. His antiretroviral
therapy consisted of atazanavir 300 mg/day, ritonavir 100 mg/day, and
emtricitabine 200 mg–tenofovir 300 mg/day. Approximately 95 days after
receiving these concomitant therapies, his rifabutin peak concentration was
0.08 µg/ml (goal peak concentration > 0.45 µg/ml); thus, the dosage of
rifabutin was increased to 300 mg every other day. Fourteen days later, his
rifabutin peak concentration was 0.43 µg/ml. Drug interactions between
antiretrovirals and antimycobacterials are complex and not fully understood
in patients with HIV infection. Although the recommended dosage of
rifabutin in patients receiving a ritonavir-boosted protease inhibitor, such as
atazanavir, is 150 mg every other day, higher dosages may be required to attain
optimal rifabutin concentrations in patients receiving these drugs concomitantly.
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It is currently estimated that more than 1
million persons in the United States are infected
with human immunodeficiency virus (HIV).1

Despite focused efforts aimed at HIV screening
and increased availability of antiretroviral
therapy, a substantial number of new HIV
diagnoses present “late to care.” The Massachusetts

Department of Public Health defines late to care
as patients presenting with acquired immuno-
deficiency syndrome (AIDS) within 2 months of
their initial HIV diagnosis. In a review of
epidemiologic data by the Massachusetts
Department of Public Health, 31% of patients
newly diagnosed with HIV between 2005 and
2007 had a late-to-care concurrent diagnosis of
AIDS.2 This population with late-to-care
diagnoses is susceptible to opportunistic
infections, as they often present with severe
immunosuppression. The development of
opportunistic infections, in addition to their
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deleterious effects on morbidity and mortality,
can often complicate treatment with antiretro-
viral therapy due to poorly quantified drug-drug
interactions and additive adverse events.

Current treatment guidelines for opportunistic
infections suggest that patients with disseminated
Mycobacterium avium complex (MAC), who are
not receiving antiretroviral therapy, should have
antiretroviral therapy withheld until after the first
2 weeks of antimycobacterial therapy have been
completed to the reduce risk for drug interactions,
pill burden, and complications associated with
the occurrence of immune response inflammatory
syndrome.3 Disseminated MAC should be treated
with antibacterials that act synergistically; the
regimen usually consists of a macrolide, a
bacteriostatic antimycobaterial drug (ethambutol)
and a rifamycin (rifabutin) for a minimum
duration of 1 year, regardless of whether sterile
blood cultures are achieved sooner during
therapy.3–6 Clarithromycin is considered to be
the preferred macrolide for the treatment of MAC
because it is associated with more rapid clearance
of MAC in blood cultures compared with
azithromcyin.3, 7 However, azithromycin remains
an acceptable second-line macrolide for patients
who are unable to tolerate clarithromcyin or in
whom drug interactions preclude its use.
Clarithromycin is a known substrate and
inhibitor of the cytochrome P450 (CYP) 3A4
isoenzyme and therefore competes for the same
metabolic pathways as many antiretrovirals,
whereas azithromycin has limited effects on the
CYP isoenzyme system.8, 9 Rifamycins are also
known to interact with antiretrovirals due to
their ability to induce CYP3A4. Rifampin is
considered a strong inducer of CYP3A4 and is
rarely used in the treatment of mycobacterial
infections if patients are taking a ritonavir-
boosted protease inhibitor–containing regimen
because of the substantial effects on protease
inhibitor drug concentrations. Rifabutin, which
is considered to be a more moderate inducer of
CYP3A4, is used instead.10 However, access to
rifabutin may be limited in developing nations
due to its cost, compared with generically
available rifampin.

Previous guidelines for the treatment of MAC
in persons with HIV or AIDS have taken drug-
drug interactions into account.3, 4 These
guidelines provided the recommended dosage
adjustments of various antimycobacterials when
given in combination with antiretroviral agents.
The strength of these recommendations has been
limited because pharmacokinetic studies used to

support these suggested dosage adjustments were
conducted mainly in healthy volunteers.11–13 In
2009, results of a pharmacokinetic evaluation
brought into question some of these recommen-
dations, but these findings were limited to
interactions between rifabutin and lopinavir-
ritonavir (lopinavir boosted with ritonavir).14 As
a result of these findings, treatment guidelines
now recommend monitoring rifabutin plasma
concentrations in those receiving ritonavir-
boosted protease inhibitors.15 In this case report,
we present data that support this recommen-
dation in HIV-positive patients who are receiving
rifabutin in combination with another protease
inhibitor, atazanavir, boosted with ritonavir.

Case Report

A 48-year-old African-American man came to
the emergency department with increased
fatigue, yellow sputum production, and a weight
loss of about 25 pounds over the previous 3
months. He had been diagnosed with HIV and
AIDS approximately 4 years earlier, with a nadir
CD4+ cell count of 54 cells/mm3 (normal range
800–1200 cells/mm3) and HIV RNA (viral load)
of 74,611 copies/ml. He refused antiretroviral
therapy after his diagnosis due to ongoing
substance abuse, denial, and depression. The
patient’s other medical history was significant
only for hypertension, for which he was receiving
hydrochlorothiazide 25 mg/day.

At this visit, the patient was noted to have a
CD4+ cell count of 53 cells/mm3 and a viral load
of 4271 copies/ml. A chest radiograph and
computed tomographic scan of his chest showed
cavitary lung disease consistent with an infec-
tious process. Sputum samples were obtained for
aerobic, anaerobic, and mycobacterial culture; no
organisms were observed on staining for acid-fast
bacilli. The patient was diagnosed with community-
acquired pneumonia and admitted to the hospital
for treatment. A 7-day course of antibiotic therapy
was administered, consisting of azithromycin 500
mg/day and ceftriaxone 1 g/day for 5 days
followed by cefpodoxime 200 mg twice/day for 2
days.

The patient was then discharged, with azithro-
mycin 1200 mg/week started for prophylaxis
against MAC. He was referred for antiretroviral
therapy initiation at the hospital’s outpatient
infectious disease clinic. Prophylaxis for other
opportunistic infections such as Pneumocystis
jiroveci pneumonia was not initiated because the
patient had documented glucose-6-phosphate
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dehydrogenase deficiency and may have experi-
enced leukopenia while previously receiving
atovaquone for prophylaxis.

Thirteen days after discharge, MAC was
identified using an RNA probe assay for all blood
and sputum samples obtained during the patient’s
hospital admission. The patient was contacted
regarding these positive cultures, and he reported
to the clinic 1 week later. An antimycobacterial
regimen consisting of clarithromycin 500 mg/day,
rifabutin 150 mg every other day, ethambutol
1200 mg/day, and ciprofloxacin 500 mg twice/day
was initiated (Table 1). The dosages of the
patient’s antimycobacterials, specifically rifabutin
and clarithromycin, were adjusted from the
standard dosages of rifabutin 300 mg/day and
clarithromycin 500 mg twice/day according to
the recommendations in the Department of
Health and Human Services (DHHS) HIV treat-
ment guidelines for patients receiving concomi-
tant therapy with a ritonavir-boosted protease

inhibitor.15 Clarithromycin was chosen over
azithromycin given the severity of the patient’s
disease, as well as concern for azithromcyin
resistance after the recent course of azithromycin
monotherapy for treatment of pneumonia and
MAC prophylaxis. Ciprofloxacin was added as a
fourth agent given the patient’s high mycobacterial
load (disseminated disease), low CD4+ cell count,
and increased viral load (74, 611 copies/ml).

Approximately 11 days after starting MAC
therapy, the patient returned to the clinic to start
an antiretroviral regimen consisting of atazanavir
300 mg/day, ritonavir 100 mg/day, and emtric-
itabine 200 mg–tenofovir 300 mg/day.

Due to the known drug interaction between
clarithromycin and rifabutin (Table 2), a clar-
ithromycin trough concentration was measured
10 days after the start of antiretroviral therapy
(day 21 of MAC therapy). The established thera-
peutic trough concentration for clarithromycin
for the treatment of MAC is 0.7 µg/ml.16 The

Table 1. Timeline of Patient’s Drug Therapy and Drug Concentrations

Day After
Hospital HIV RNA Drug Concentration
Discharge Drug Regimen (copies/ml) (time measured)

0 Antimycobacterial prophylaxis: azithromycin 1200 mg/wk
HCTZ 25 mg/day for hypertension

20 Antimycobacterial prophylaxis discontinued
Antimycobacterial regimen started:
clarithromycin 500 mg/day, ethambutol 1200 mg/day, 74,611
rifabutin 150 mg every other day, ciprofloxacin 500 mg
twice/day

HCTZ 25 mg/day continued

31 Antimycobacterial regimen continued
Antiretroviral regimen started:
atazanavir 300 mg/day, ritonavir 100 mg/day,
tenofovir 300 mg–emtricitabine 200 mg/day

HCTZ 25 mg/day continued

41 No changes 189 Clarithromycin trough 1.0 µg/mla

(30 hrs after dose)

126 No changes Rifabutin peak 0.08 µg/mlb

(3 hrs after dose)

140 No changes except for rifabutin dosage increased to < 75c

300 mg every other day

154 No changes Rifabutin peak 0.43 µg/mlb

(2 hrs after dose)
Clarithromycin trough 2.7 µg/mla

(24 hrs after dose)

203 No changes < 75c Atazanavir (random) 2.68 µg/mld

(19 hrs after dose)
HIV = human immunodeficiency virus; HCTZ = hydrochlorothiazide.
aTherapeutic trough concentration for clarithromycin is > 0.7 µg/ml.
bGoal peak concentration for rifabutin is > 0.45 µg/ml.
cLower limit of HIV RNA detection.
dTherapeutic trough concentration for atazanavir is > 0.15 µg/ml.
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patient’s clarithromycin trough concentration 30
hours after dosing was 1.0 µg/ml, warranting no
changes in the clarithromycin dosage. A true
trough at 24 hours after dosing was not obtained
due to conflicts between the patient’s dosing
schedule and the clinic’s operating hours. The
patient’s next dose was withheld to accommodate
the scheduled visit for clarithromycin concen-
tration measurement.

Over the next 3 months, the patient continued
to receive the same antimycobacterial and
antiretroviral regimens without experiencing any

adverse effects, and an initial anti-HIV thera-
peutic response was noted (Table 1). Subsequent
blood cultures, obtained 55 days after starting
MAC therapy, were negative for mycobacterial
growth after 8 weeks of incubation. Given the
conflicting data regarding the drug interaction
between ritonavir-boosted protease inhibitors
and rifabutin, and considering the findings of the
2009 pharmacokinetic evaluation in patients
receiving rifabutin and lopinavir-ritonavir14 along
with the release of the updated DHHS guidelines
(December 2009),15 a rifabutin plasma peak

Table
2. Relevant Pharmacokinetic Interactions Among Antimycobacterials, Protease Inhibitors, and Nonnucleoside Reverse
Transcriptase Inhibitors

Antimycobacterial Concomitant Mechanism of
Agent Agent Interaction Pharmacokinetic Effects Management Recommendation
Clarithromycin Atazanavir- CYP3A4 inhibition by Clarithromycin AUC Reduce clarithromycin dose by

ritonavir atazanavir and ritonavir ↑ 94% 50%
Consider alternative therapy

Other PIs + CYP3A4 inhibition by Clarithromycin AUC Monitor for clarithromycin
ritonavir PIs and/or ritonavir ↑ 19–66% toxicity

No dosage adjustment necessary
unless Clcr < 60 ml/min

All NNRTIs CYP3A4 induction by Clarithromycin AUC Consider alternative macrolide
NNRTIs ↓ 31–39% such as azithromycin

Rifabutin CYP3A4 induction by Clarithromycin AUC Monitor effectiveness of
rifabutin ↓ 44% and Cmax ↓ 41% clarithromycin

CYP3A4 inhibition Rifabutin Cmax ↑ 69% Monitor for rifabutin toxicity

Rifabutin All PIs + CYP3A4 inhibition by Rifabutin AUC ↑ 400% Decrease rifabutin dosage to
ritonavir PIs and/or ritonavir vs rifabutin 300 mg/day 150 mg every other day

alone in healthy, HIV-
negative volunteers

Possible CYP3A4 Subtherapeutic rifabutin As of December 2009,
induction by ritonavir peak concentrations were rifabutin peak concentration
or decreased absorption observed in HIV-positive should be monitored when
in HIV-positive patients patients receiving given in combination with a

lopinavir-ritonavir + ritonavir-boosted PI
rifabutin 150 mg
3 times/wk

Nevirapine Possible competitive Rifabutin AUC ↑ 17% No dosage adjustments
CYP3A4 metabolism recommended
with rifabutin, but
mechanism not yet
established

CYP3A4 induction by Nevirapine Cmin ↓ 16% No dosage adjustments
rifabutin recommended

Efavirenz CYP3A4 induction by Rifabutin Cmin ↓ 35% Increase dosage of rifabutin to
efavirenz 450–600 mg/day

Etravirine CYP3A4 induction by Rifabutin AUC ↓ 17% Dosage of rifabutin 300 mg/day
etravirine is recommended

CYP3A4 induction by Etravirine AUC ↓ 37%a

rifabutin
CYP = cytochrome P450; AUC = area under the concentration-time curve; PIs = protease inhibitors; Clcr = creatinine clearance; NNRTIs =
nonnucleoside reverse transcriptase inhibitors; Cmax = peak concentration; Cmin = minimum concentration.
aWhen etravirine is combined with a ritonavir-boosted PI, rifabutin should not be coadministered due to the risk of decreased etravirine
concentration and increased risk of rifabutin toxicity secondary to CYP3A4 inhibition by PIs and ritonavir.
Adapted from reference 15.
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concentration was assessed. On day 126, 95 days
after starting combination therapy with antiretro-
viral therapy (with the dosage of rifabutin at 150
mg every other day), a rifabutin peak concen-
tration was assessed 3 hours after dosing. The
results showed a rifabutin concentration of 0.08
µg/ml (goal peak concentration > 0.45 µg/ml).
Adherence to both antibiotic therapy and
antiretroviral therapy was verified through pill
counts and patient self-report.

In response to the patient’s suboptimal rifabutin
peak concentration, the rifabutin dosage was
increased to 300 mg every other day on day 109
of antiretroviral therapy (day 140 of MAC
therapy). A new steady-state concentration was
established after this dose increase over the next
14 days, and a rifabutin peak concentration was
reassessed on day 154 of MAC therapy. Two
hours after dosing, the plasma rifabutin and
desacetylrifabutin concentrations increased to
0.43 µg/ml and 0.37 µg/ml, respectively. Because
of this dose increase in rifabutin, a known
CYP3A4 inducer, a repeat clarithromycin trough
concentration was also measured on day 154 of
MAC therapy to ensure that a therapeutic
concentration of the macrolide was maintained.
The clarithromycin trough concentration
measured 24 hours after dosing was 2.7 µg/ml.
Again, no change in the clarithromycin dosage
was required. The patient continued to deny any
adverse effects related to therapy and maintained
a virologic response with the increased dose of
rifabutin.

Discussion

The pharmacokinetic interactions between
antimycobacterial and antiretroviral agents are
not fully known because data are relatively scant.
Data concerning ritonavir-boosted atazanavir and
rifabutin have mainly been obtained in HIV-
seronegative volunteers.11 To our knowledge,
this is the first case report describing the success-
ful use of therapeutic drug monitoring to adjust
the rifabutin dosage in an HIV-infected patient
treated for disseminated MAC while taking an
atazanavir-ritonavir–containing regimen. Our
findings have several important implications.

First, our case report agrees with recent
findings suggesting that a rifabutin dosage of 150
mg 3 times/week may produce suboptimal
rifabutin concentrations in patients receiving
ritonavir-boosted protease inhibitors.14, 15 In the
pharmacokinetic study discussed earlier,14 the
authors conducted an analysis of 10 HIV-positive

patients receiving rifabutin as part of a four-drug
regimen for the treatment of active Mycobacterium
tuberculosis infection. Patients initially received
rifabutin 300 mg 3 times/week. Two to four
weeks after starting antimycobacterial therapy,
the dosage of rifabutin was decreased to 150 mg
3 times/week, and an antiretroviral regimen that
included lopinavir 400 mg–ritonavir 100 mg
twice/day was started. The maximum plasma
concentration (Cmax) of rifabutin and desacetyl-
rifabutin were measured before and 1–2 weeks
after starting lopinavir-ritonavir. The authors
found that 8 of the 10 patients did not reach
optimal rifabutin peak plasma concentrations (>
0.3 µg/ml). These results conflict with the
elevated rifabutin peak plasma concentrations
reported in studies involving HIV-negative
volunteers receiving ritonavir-boosted protease
inhibitors.11–13

Second, our findings and those of a previous
pharmacokinetic study14 are concerning given the
pharmacokinetic parameters required to
effectively target MAC. The rifabutin minimum
inhibitory concentration (MIC) for MAC is
typically less than 2 µg/ml; however, this
represents a much higher MIC than that of
Mycobacterium tuberculosis, which is typically
sensitive at a rifabutin concentration of 0.06
µg/ml.17 Previous studies have documented that
rifabutin, when used in combination with a
macrolide and ethambutol, is not associated with
improved clearance of MAC from blood cultures;
rather, its use may prevent the development of
resistance to macrolides.5, 6 The Tuberculosis
Trials Consortium documented an increase in the
development of rifabutin resistance and relapse of
Mycobacterium tuberculosis when peak
concentrations of rifabutin were less than 0.45
µg/ml.18 We are not aware of any data that
support the development of similar resistance
patterns to MAC relative to plasma rifabutin
concentrations, nor could we assess this
pharmacodynamic parameter because the patient
had sterile blood cultures on day 55 of MAC
treatment. However, this is a real concern given
the higher rifabutin MIC for MAC compared with
Mycobacterium tuberculosis. In addition, given
the variable pharmacokinetic interactions
documented between rifabutin and protease
inhibitors, and the prolonged treatment duration
required, it is important to ensure that the
rifabutin concentration is within an acceptable
range from a safety perspective.

Finally, our findings are also distinctive in that
we documented suboptimal plasma rifabutin



81e

concentrations despite concomitant administration
of two known CYP inhibitors, clarithromycin and
ritonavir. Previous studies have demonstrated
contrary findings—significant increases in
rifabutin plasma concentrations—when rifabutin
was coadministered with ritonavir or clarithro-
mycin.19, 20 The mechanisms by which suboptimal
rifabutin concentrations may occur in HIV-
positive patients taking concomitant ritonavir-
boosted atazanavir remain to be well described.
Although ritonavir typically inhibits metabolism
through CYP isoenzymes, it may also induce
metabolism of various CYP substrates. In one
study, 12 healthy volunteers received ritonavir
400 mg twice/day in combination with warfarin 5
mg/day. Overall, these patients experienced a
33% decrease in the area under the curve of the
R-warfarin isomer, whereas no significant
changes in S-warfarin pharmacokinetics were
observed.21 R-warfarin undergoes metabolism
through CYP1A1, CYP1A2, and CYP3A4, whereas
S-warfarin is metabolized through CYP2C9,
indicating induction of select isoenzymes.22 This
effect may persist when ritonavir is used to boost
atazanavir concentrations. Atazanavir is a
CYP3A inhibitor when given without ritonavir;
however, when given in combination with
ritonavir, variable effects on other CYP isoenzymes
have been observed.23 In studies involving
coadministration of ethinyl estradiol with
atazanavir plus ritonavir, decreases in ethinyl
estradiol concentrations have been observed,
indicating possible induction of CYP3A
isoenzymes by atazanavir plus ritonavir.23

Rifabutin is metabolized extensively by
CYP3A4.10 The activity of ritonavir as a dual
inhibitor and inducer of CYP isoenzymes may
explain decreases in rifabutin concentrations
observed in patients treated with lopinavir-
ritonavir and atazanavir plus ritonavir.

Suboptimal rifabutin peak concentrations may
also be caused by altered absorption in patients
with HIV. In a study comparing drug absorption
of various antimycobacterials in healthy patients
versus patients with different stages of HIV
disease, a trend toward decreased drug absorp-
tion was observed as the severity of HIV disease
progressed.24 Moreover, single-dose studies
showed that healthy volunteers receiving rifabutin
300 mg attained a mean maximum rifabutin
concentration of 0.375 µg/ml, whereas HIV-
positive patients averaged a 20% decrease in oral
bioavailablity.10 It is important to make this
distinction between healthy volunteers and HIV-
infected patients since the initial drug-drug

interaction studies that led to the recommen-
dation of using a reduced rifabutin dose in
patients receiving concomitant protease inhibitors
were conducted in healthy volunteers. Healthy
volunteers may absorb rifabutin more efficiently
than HIV-positive patients, which may explain
the conservative dosage recommendations for
rifabutin when given with ritonavir-boosted
protease inhibitors. The above comparisons
describe the mean results observed in larger
populations. In these comparative studies, it is
typical to see variable results that fall both above
and below the mean. Therefore, our results from
a single patient with suboptimal rifabutin
concentrations could be interpreted as a general
deviation from the expected mean rifabutin
concentration, and not a true drug-drug
interaction.

Regardless of the mechanism, we were able to
effectively adjust the rifabutin dosage in our
patient to achieve the recommended concentration
of rifabutin while continuing atazanavir plus
ritonavir. The concentrations of atazanavir and
clarithromycin remained greater than 0.15 µg/ml
and 0.7 µg/ml, respectively, even in the setting of
possible induction by rifabutin. This case report
supports the current DHHS treatment guideline
recommendations to monitor rifabutin concen-
trations in patients receiving concomitant therapy
with ritonavir-boosted protease inhibitors. Since
the half-life of rifabutin is 49 hours, we recom-
mend assessing the rifabutin peak concentration
10–14 days after starting rifabutin to reflect
steady-state conditions. As rifabutin achieves
maximum concentrations at 3 hours, we recom-
mend assessing rifabutin peak concentration at
2–3 hours after dosing.10 If further dosage
adjustments are required for rifabutin or other
CYP inducers or inhibitors, we recommend
reassessing the rifabutin peak concentration
10–14 days after the addition of those drugs or a
rifabutin dosage change. The current literature
does not provide concrete recommendations on
increasing the rifabutin dosage for a rifabutin
concentration less than 0.45 µg/ml. We followed
the recommendations of a 2009 pharmacokinetic
evaluation14 and achieved the desired concen-
trations of rifabutin by increasing the rifabutin
dosage from 150 mg every other day to 300 mg
every other day. Future studies of these drug
interactions in patients with HIV may yield a
better understanding of the pharmacokinetic
interactions relative to metabolic induction,
inhibition, and absorption in this complex
population.
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Conclusion

We report suboptimal concentrations of
rifabutin when given concomitantly with
atazanavir plus ritonavir at the currently
recommended dosage of rifabutin 150 mg every
other day. These findings are in agreement with
similar observations when rifabutin was
coadministered with another ritonavir-boosted
protease inhibitor, lopinavir. The changes in
drug concentrations in our patient are likely
explained by induction and inhibition effects of
ritonavir on CYP isoenzymes, although
suboptimal absorption of rifabutin in HIV-
positive patients cannot be excluded. Further
studies should be conducted in HIV-infected
patients since previous pharmacokinetic studies
have been conducted in otherwise healthy
patients. Until more data become available,
therapeutic drug monitoring remains a crucial
tool to ensure adequate therapy when
antimycobacterial and antiretroviral agents are
coadministered. Clinicians should use caution
when increasing the dosage of rifabutin in this
patient population given the limited evidence
supporting such dosage increases; however, a
rifabutin dosage of 300 mg every other day
appears to be both safe and effective based on the
findings in our patient as well as those of
previous studies.
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