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This is a substudy of the Agence Nationale de Recherches sur le Sida et les Hépatites Virales (ANRS) Comparison of Nevirapine
and Efavirenz for the Treatment of HIV-TB Co-infected Patients (ANRS 12146-CARINEMO) trial, which assessed the pharmaco-
kinetics of rifampin or isoniazid with or without the coadministration of nonnucleoside reverse transcriptase inhibitor-based
HIV antiretroviral therapy in HIV-tuberculosis-coinfected patients in Mozambique. Thirty-eight patients on antituberculosis
therapy based on rifampin and isoniazid participated in the substudy (57.9% males; median age, 33 years; median weight, 51.9
kg; median CD4� T cell count, 104 cells/�l; median HIV-1 RNA load, 5.5 log copies/ml). The daily doses of rifampin and isonia-
zid were 10 and 5 mg/kg of body weight, respectively. Twenty-one patients received 200 mg of nevirapine twice a day (b.i.d.), and
17 patients received 600 mg of efavirenz once a day (q.d.) in combination with lamivudine and stavudine from day 1 until the
end of the study. Blood samples were collected at regular time-dosing intervals after morning administration of a fixed-dose
combination of rifampin and isoniazid. When rifampin was administered alone, the median maximum concentration of drug in
serum (Cmax) and the area under the concentration-time curve (AUC) at steady state were 6.59 mg/liter (range, 2.70 to 14.07 mg/
liter) and 27.69 mg · h/liter (range, 11.41 to 109.75 mg · h/liter), respectively. Concentrations remained unchanged when rifam-
pin was coadministered with nevirapine or efavirenz. When isoniazid was administered alone, the median isoniazid Cmax and
AUC at steady state were 5.08 mg/liter (range, 1.26 to 11.51 mg/liter) and 20.92 mg · h/liter (range, 7.73 to 56.95 mg · h/liter), re-
spectively. Concentrations remained unchanged when isoniazid was coadministered with nevirapine; however, a 29% decrease
in the isoniazid AUC was observed when isoniazid was combined with efavirenz. The pharmacokinetic parameters of rifampin
and isoniazid when coadministered with nevirapine or efavirenz were not altered to a clinically significant extent in these se-
verely immunosuppressed HIV-infected patients. Patients experienced favorable clinical outcomes. (This study has been regis-
tered at ClinicalTrials.gov under registration no. NCT00495326.)

Tuberculosis (TB) is a leading cause of death among human
immunodeficiency virus (HIV)-infected individuals, and it is

especially common in sub-Saharan Africa, where the high burden
of HIV infection further increases the tuberculosis incidence. In
2011, there were 8.7 million incident cases of tuberculosis world-
wide, of which 1.1 million were among HIV-positive individuals
(1). Based on evidence that concomitant therapy reduces mortal-
ity associated with tuberculosis among HIV-infected patients, the
coadministration of antituberculosis drugs and antiretroviral
therapy is common practice in high-burden tuberculosis and HIV
countries (2).

The World Health Organization (WHO) recommends a
6-month rifampin-based regimen as a first-line antituberculosis
treatment (3). The efficacy of this treatment regimen for curing
tuberculosis in adults is �95% (4–6), but it can be as low as 53.4%
in untreated HIV-positive individuals (7, 8). The effectiveness of
antituberculosis treatment is dependent on drug exposure, and
several factors such as patients= male gender, low weight, severe
illness, malnutrition, drug formulation, drug-drug interaction,
comorbid disease, and HIV infection itself have been shown to
affect antituberculosis drug pharmacokinetics (9–13). Low expo-
sure to TB drugs can lead to prolonged infectiousness, poor treat-
ment outcome with increased risk of relapse, development of mul-
tidrug-resistant strains of Mycobacterium tuberculosis, and death.

In many resource-limited countries, first-line HIV antiretrovi-
ral treatment consists of a nonnucleoside reverse transcriptase in-
hibitor (NNRTI) (nevirapine or efavirenz) combined with two
nucleoside reverse transcriptase inhibitors. Due to the risk of
subtherapeutic plasma nevirapine concentrations in HIV/tuber-
culosis-coinfected patients receiving rifampin, concomitant,
efavirenz-based antiretroviral treatment is the preferred NNRTI
during the course of tuberculosis treatment (14). However, nevi-
rapine is a common alternative to efavirenz in patients who have
contraindications to efavirenz or who do not tolerate it. Nevira-
pine and efavirenz are substrates of cytochromes P-450 (CYPs),
mainly CYP2B6 for efavirenz and CYP2B and CYP3A for nevira-
pine, and have drug metabolizing enzymes or transporter induc-
ing and inhibiting properties (15, 16). To our knowledge, data of
their effects on rifampin and isoniazid are scarce and have only
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recently been documented for efavirenz in the African population
(13).

Rifampin is part of the 6-month tuberculosis therapy regimen
recommended by the WHO and exhibits concentration-depen-
dent bactericidal activity (17). Rifampin has a short half-life
(around 2 h) and autoinduces its liver and presystemic metabo-
lism, lowering its plasma concentrations over the course of treat-
ment compared to those reached after a single oral dose (18).
Additionally, rifampin is a substrate and a potent blocker of the
influx transporter organic anion-transporting polypeptide 1B1
(OATP1B1), which regulates the uptake of endogenous com-
pounds and drugs into hepatocytes (19). Isoniazid, another drug
used in the 6-month tuberculosis therapy regimen, has excellent
early bactericidal activity (20). Isoniazid is metabolized mainly by
hepatic type 2 N-acetyltransferase (NAT2) (21). Whether trans-
porters could be involved in isoniazid disposition is currently un-
known. Although the pharmacokinetics of antituberculosis drugs
have been reported to be affected by HIV infection (13, 22–24),
whether efavirenz or nevirapine differentially impairs rifampin or
isoniazid pharmacokinetics has not been documented.

In this study we aimed to document the effects of nevirapine
and efavirenz on the disposition of both rifampin and isoniazid
by comparing the pharmacokinetic parameters of rifampin and
isoniazid with and without coadministration of nevirapine- or
efavirenz-based antiretroviral therapy. This is a substudy of
the Agence Nationale de Recherches sur le Sida et les Hépatites
Virales (ANRS) Comparison of Nevirapine and Efavirenz for the
Treatment of HIV-TB Co-infected Patients (ANRS 12146
CARINEMO) trial (registered at ClinicalTrials.gov under regis-
tration no. NCT00495326), which compared the efficacy and
safety of nevirapine- and efavirenz-based antiretroviral regimens
in HIV/tuberculosis-coinfected patients (25).

(Part of the study results were presented orally in the 43rd
Conference of the International Union Against Tuberculosis and
Lung Diseases [IUATLD], Kuala Lampur, Malaysia, 2012 [26]).

MATERIALS AND METHODS
Patients. All patients included in this study gave written informed con-
sent to participate in this ANRS 12214 pharmacokinetic study, a substudy
of the ANRS 12146-CARINEMO clinical trial. The ANRS 12214 pharma-
cokinetic study was conducted in Mozambique and approved by the Mo-
zambican National Bioethical Committee and Ethical Review Board of
Médecins Sans Frontières-Switzerland. Patients with HIV-tuberculosis
coinfection were randomized to receive nevirapine- or efavirenz-based
antiretroviral therapy in addition to their antituberculosis treatment. De-
tailed participants’ characteristics and study procedures are described
elsewhere (25). Patients’ eligibility criteria for the trial were new case of
active tuberculosis (bacteriologically confirmed or not pulmonary tuber-
culosis cases and extrapulmonary tuberculosis cases), CD4� T cell counts
of �250 cells/�l, treatment-naive HIV-infected patients, Karnofsky score
of �60, no significant hepatic dysfunction (levels of transaminase and
total bilirubin �5� the upper normal limit [UNL]), absence of severe
grade 4 clinical or laboratory signs, and willingness to provide informed
consent. After 4 to 6 weeks of antituberculosis treatment, the trial partic-
ipants were randomized to receive the fixed-dose combination (FDC) of
200 mg of nevirapine, 150 mg of lamivudine, and 30 mg of stavudine twice
daily (Cipla, India) or 600 mg of efavirenz (Aurobindo, India) once daily
combined with the FDC of 150 mg of lamivudine and 30 mg of stavudine
(Cipla, India) twice daily. The antituberculosis drugs were administered
orally and the daily dose calculated per unit of body weight (rifampin [10
mg/kg of body weight], isoniazid [5 mg/kg], pyrazinamide [25 mg/kg],
and ethambutol [15 mg/kg]). The four FDC antituberculosis drugs (300

mg of rifampin, 150 mg of isoniazid, 400 mg of pyrazinamide, and 275 mg
of ethambutol) were administered for 2 months, followed by the FDC
containing 300 mg of rifampin and 150 mg of isoniazid for the remaining
4 months (Lupin, India). All antiretroviral therapy and antituberculosis
drugs used in the trial were prequalified by the WHO. Patients’ adherence
to antituberculosis drug and antiretroviral therapy was monitored by
study staff by pill counting, monitoring of the regularity and promptness
of attendance at scheduled clinical visits, and detection of isoniazid me-
tabolites in urine while on tuberculosis treatment with BBL Taxo isonia-
zid test strips (Becton, Dickinson, and Company, USA). Patients had reg-
ular visits during the trial to monitor clinical evolution, liver function
tests, and treatment adherence and to detect potential adverse events. In
addition, HIV-1 RNA viral load was monitored at antiretroviral treatment
initiation and every 12 weeks until 48 weeks. CD4� T cell counts were
measured at antiretroviral treatment initiation and after 24 and 48 weeks
(25). The last 172 patients enrolled in the ANRS 12146-CARINEMO trial
had extended follow-up until 96 weeks to identify potential recurrent
tuberculosis cases. Thirty-nine patients enrolled consecutively in the
ANRS 12146-CARINEMO trial met the criteria and were included in the
pharmacokinetic substudy (ANRS 12214) if they met the following addi-
tional criteria: to be on rifampin and isoniazid as part of a tuberculosis
treatment regimen, to have had no antiretroviral therapy at the time of
enrollment, and to be willing to participate in the additional blood sam-
pling by providing signed informed consent.

Study design. Each patient was requested to come fasting to the clinic
in the morning, having had the last meal on the previous evening. At the
clinic, patients were asked to recall the timing of the last antituberculosis
drugs and any other medications taken concomitantly on the previous
day. Blood samples were collected at steady state on two occasions, within
a week before antiretroviral therapy initiation to allow estimation of phar-
macokinetic parameters of rifampin and isoniazid alone and 4 weeks after
antiretroviral therapy initiation when patients were also receiving nevira-
pine or efavirenz. During these two occasions, blood samples were drawn
before morning antituberculosis drug intake (time zero) and 0.5 h, 1 h, 1.5
h, 2 h, 4 h, 6 h, 8 h, 10 h, and 12 h after the intake of antituberculosis drugs.
The antituberculosis drugs were administered with 100 ml of water to
each patient under the supervision of a study nurse just after the predose
blood sampling. Within 30 min of each collection, blood samples were
centrifuged (800 � g for 20 min) at room temperature. To improve sta-
bility of rifampin, each plasma sample of exactly 0.5 ml was stored in a
polypropylene tube containing 0.5 ml of ascorbic acid solution (200 mg/
liter). An extra blood sample was also drawn to measure predose nevira-
pine or middose plasma efavirenz concentrations when receiving antitu-
berculosis drugs simultaneously with the antiretroviral treatment. All
plasma samples were kept at �80°C in the study site until shipment for
analysis to the pharmacology laboratory at Bicêtre Hospital (Paris,
France).

Drug assays. Plasma concentrations of rifampin and isoniazid were
measured using validated reverse-phase high-performance liquid chro-
matography methods with UV detection according to validated assays
(27, 28). In brief, rifampin was assayed in plasma after protein precipita-
tion by acetonitrile and injection onto a LiChrospher 100 RP18 column
and detection at 342 nm. The mobile phase consisted of a 10/40/50 (vol/
vol) mixture of methanol-acetonitrile-citrate buffer (pH 4.3). Isoniazid
was assayed in plasma after protein precipitation by 10% trichloroacetic
acid in water and injection onto an Atlantis T3 column and detection at
265 nm. The mobile phase consisted of a mixture of 93.5% phosphate
buffer (30 mM [pH 7.1]), 5% methanol, and 1.5% acetonitrile. The lower
limit of quantification (LLOQ) of plasma rifampin and isoniazid concen-
trations was 0.1 mg/liter. Three quality control concentrations were in-
cluded in each analytical run. Day-to-day variability of the quality con-
trols was �8% for rifampin and �12% for isoniazid. Predose nevirapine
and middose efavirenz concentrations were assayed in plasma by HPLC
with limits of quantification of 0.00025 mg/liter and 0.00050 mg/liter,
respectively (29).
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Pharmacokinetic analysis. The pharmacokinetic parameters for ri-
fampin and isoniazid were estimated by the noncompartmental method
(WinNonlin software; Pharsight Corporation, Mountain View, CA,
USA). As the half-lives of rifampin and isoniazid are short, the areas under
the concentration-time curves (AUCs) were calculated until the 12-hour
time point using the linear up/log down trapezoidal method, up to the
time of the last measurable concentration, and extrapolated to 12 h when-
ever the half-life could be calculated. Drug concentrations below the lower
limit of quantification (LLOQ) occurring before the maximum concen-
tration of drug in serum (Cmax) were assigned a value of LLOQ/2. Con-
centrations at 2 h postdosing (C2), Cmax, and time to Cmax (Tmax) were
obtained visually from the plasma concentration-time curve. Rifampin
and isoniazid pharmacokinetic parameters were estimated in the absence
and presence of nevirapine or efavirenz. Plasma drug concentrations (in-
cluding concentrations measured 2 h postdosing) were compared to the
previously reported therapeutic concentration ranges, which were be-
tween 8 and 24 mg/liter for rifampin and between 3 and 5 mg/liter for
isoniazid (30).

Statistical analysis. This observational pilot pharmacokinetic study
assessed plasma concentrations of rifampin and isoniazid off and on ne-
virapine- or efavirenz-based antiretroviral therapy. This study started af-
ter initiation of the ANRS12146-CARINEMO trial and was proposed to
all included patients. Twenty patients per arm were expected to be en-
rolled to detect major differences in rifampin and isoniazid disposition.

The pharmacokinetic parameters for rifampin and isoniazid were
summarized by using descriptive statistics and unless otherwise indicated
are presented as median and range. The values of Cmax and AUCs were log
transformed. Two-sided 90% confidence intervals (CIs) were constructed
for the ratios of the geometric mean values (with nonnucleoside reverse
transcriptase inhibitors versus alone) of Cmax and AUCs for rifampin and
isoniazid, which were compared to the bioequivalence range of 0.80 to
1.25. The Wilcoxon signed-rank test for paired samples was used to com-
pare rifampin and isoniazid pharmacokinetic parameters without and
with NNRTIs. The trough concentration (Ctrough) of nevirapine and mid-
dose of efavirenz at 4 weeks, which corresponded to the period of the
second pharmacokinetic sampling for rifampin and isoniazid, were also
determined. The antituberculosis treatment outcomes at the end of treat-
ment (24 weeks), the proportion of recurrent tuberculosis cases, and the
proportion of patients with hepatic toxicity were described. Tuberculosis
treatment outcome definitions were based on WHO guidelines (3). All

statistical analyses were conducted with StataSE software (release 10.0;
StataCorp, College Station, TX, USA).

RESULTS
Patient characteristics. Out of 570 patients randomized in the
main trial, 39 were enrolled in the pharmacokinetic substudy,
from which 22 patients were randomized in the nevirapine arm
and 17 in the efavirenz arm. One patient was nonadherent to
antiretroviral therapy in which nevirapine concentrations were
below the limit of quantification at weeks 2, 3, and 4, and thus he
was excluded from the pharmacokinetic analysis (Fig. 1). The
baseline characteristics of the 38 patients are summarized in Table
1. The median age was 33 years and the median body weight was
51.9 kg. Among 38 patients, 28 (73.7%) patients had pulmonary
tuberculosis and 10 (26.3%) patients had extrapulmonary tuber-
culosis (eight patients with pleural tuberculosis and two patients
with disseminated tuberculosis). Patients were severely immuno-
suppressed, with a median CD4� T cell count of 104 cells/�l
(range, 2 to 214 cells/�l) and a median plasma HIV-1 RNA load of
5.5 log copies/ml (range, 4.2 to 7.0 log copies/ml). The median
time between tuberculosis treatment initiation and first pharma-
cokinetic sampling was 30 days.

At the first pharmacokinetic sampling, all patients were receiv-
ing the four antituberculosis drugs in fixed-dose combinations. At
the second sampling, 73.7% (28/38) of patients were receiving
rifampin-isoniazid in fixed-drug combinations and 26.3% (10/
38) were still receiving a combination of the four antituberculosis
drugs. The patients’ body weights remained unchanged through-
out the study.

Nonnucleoside reverse transcriptase inhibitor concentra-
tions. Only plasma samples to measure 12-h postdose concentra-
tions were available. At 4 weeks of antiretroviral therapy, the me-
dian Ctrough of nevirapine was 4.11 mg/liter (range, 1.98 to 12. 72
mg/liter) and the median middose concentration of efavirenz was
3.31 mg/liter (range, 1.51 to 24.67 mg/liter), with a median sam-
pling time of 13 h (range, 10.9 to 14.4 h) postdosing.

FIG 1 Study profile. #, one patient with undetectable rifampin levels at the second pharmacokinetic sampling was excluded from the analysis.
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Rifampin pharmacokinetics. Plots of rifampin concentra-
tions versus time for the nevirapine and efavirenz groups are
shown in Fig. 2A and B, respectively. A trend for higher rifampin
peak concentrations when combined with nevirapine, but not efa-
virenz, was noted. One patient had undetectable levels of rifampin

when rifampin was coadministered with efavirenz and thus no
pharmacokinetic parameters were estimated. In this patient, ri-
fampin Cmax when administered alone was 3.92 mg/liter. The
pharmacokinetic parameters of rifampin are listed in Table 2.
Concentrations of rifampin before dosing were undetectable in all

TABLE 1 Demographic, clinical, and laboratory characteristics of enrolled adult patients at baseline

Characteristica

Datab for patients (n) in:

Nevirapine arm (21) Efavirenz arm (17) Total (38)

Age (yr) 34 (24–48) 33 (21–50) 33 (21–50)
Male 12 (57.1) 10 (58.8) 22 (57.9)
Wt (kg) 52.6 (40.5–68.5) 51.3 (39.1–72.3) 51.9 (39.1–72.3)
BMI (kg/m2) 19.1 (14.4–24.3) 18.7 (16.7–20.0) 18.9 (14.4–30.1)
Hemoglobin (g/dl) 8.9 (7.0–10.5) 9.3 (7.5–11.7) 9.1 (7.0–11.7)
ALT (IU/liter) 25.3 (7.7–124.2) 32.3 (13.3–123.6) 29.9 (7.7–124.2)
Total bilirubin (mg/dl) 0.4 (0.2–2.2) 0.5 (0.1–1.3) 0.4 (0.1–2.2)
CD4 count (cells/mm3) 108 (2–206) 93 (18–214) 104 (2–214)
Plasma HIV-1 RNA (log10 copies/ml) 5.7 (4.2–7.0) 5.4 (4.3–6.6) 5.5 (4.2–7.0)
Active hepatitis B infection 1/17 (5.9) 4/17 (23.5) 5/34 (14.7)
HCV infection 0 (0.0) 1 (5.9) 1 (2.6)
Gastrointestinal symptoms 1 (4.8) 1 (5.9) 2 (5.3)
Time between start of tuberculosis therapy and

start of antiretroviral therapy (days)
33 (28–40) 33 (28–41) 33 (28–41)

Pulmonary tuberculosis 18 (85.7) 10 (58.8) 28 (73.7)
Pulmonary tuberculosis smear results

Positive 7 (33.3) 8 (47.0) 15 (39.5)
Negative or missing results 14 (66.7) 9 (53.0) 23 (60.5)

Cavitary disease 1/18 (5.6) 0/16 (0) 1/34 (2.9)
a BMI, body mass index; ALT, alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus.
b Data are no. (%), median (range), or no. affected/no. tested (%).

FIG 2 Mean � standard deviation of plasma rifampin (A and B) and isoniazid (C and D) concentration-time profiles during the first 12 h of the 24-h dosing
interval in the absence (closed squares and dotted lines) or the presence (closed triangles and solid lines) of nevirapine (A and C) or efavirenz (B and D).
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patients, except for three patients who had low rifampin concen-
trations (�1 mg/liter). A small nonsignificant increase in Cmax

and AUC levels was observed when rifampin was administered
with nevirapine but not with efavirenz. Geometric mean ratios for
AUCs were close to 1, and the 90% confidence intervals remained
within the 0.80 to 1.25 bioequivalence range. It should be pointed
out that the interindividual plasma drug concentrations were
highly variable in this population. Figure 3 shows rifampin C2
before and after the introduction of antiretroviral therapy. Of
note, the rifampin C2 was �8 mg/liter in 16 patients (76.2%)

before starting nevirapine but in only 10 patients (47.6%) after the
addition of nevirapine. In contrast, the numbers of patients pre-
senting a rifampin C2 of �8 mg/liter were comparable before (13
patients) and after (12 patients) addition of efavirenz.

Isoniazid pharmacokinetics. Plots of isoniazid concentra-
tions versus time for the nevirapine and efavirenz patient groups
are shown in Fig. 2C and D, respectively. The time for Cmax of
isoniazid occurred sooner when it was combined antiretroviral
therapy, indicating a more rapid absorption. Concentration de-
clines versus time remained unchanged when isoniazid was com-

TABLE 2 Pharmacokinetic parameters of rifampin administered alone and with addition of nevirapine or efavirenz

Treatment arm and data type

Value of pharmacokinetic parametera

C2 (mg/liter) Cmax (mg/liter) Tmax (h) AUC (mg · h/liter)

Nevirapine arm
No. of patients 21 21 21 17
Rifampin alone (median [range]) 6.40 (0.87–13.49) 6.59 (3.49–14.07) 2 (0.7–4.0) 29.71 (12.45–109.75)
Rifampin with nevirapine (median [range]) 8.94 (0.05–19.74) 8.94 (1.49–19.74) 2 (1.0–6.0) 36.10 (13.96–73.72)
GMRb (90% CI) 1.18 (0.95–1.47) 1.07 (0.97–1.17)
P 0.06 0.06 0.11

Efavirenz arm
No. of patients 16 16 16 12
Rifampin alone (median [range]) 4.99 (0.05–10.09) 6.69 (2.85–12.29) 2 (1.0–4.0) 31.15 (13.99–57.71)
Rifampin with efavirenz (median [range]) 4.47 (0.05–10.67) 6.27 (2.07–12.43) 2 (1.0–8.0) 23.63 (6.25–55.85)
GMR (90% CI) 0.94 (0.71–1.24) 0.96 (0.87–1.05)
P 0.98 0.90 0.68

a C2, concentration 2 h postdosing; Cmax, maximum concentration; Tmax, time to achieve maximum concentration; AUC, area under the concentration-time curve during a dosing
interval.
b GMR, geometric mean ratio for the parameters with NNRTI compared to those without NNRTI.

FIG 3 Individual plasma concentrations of rifampin (top) and isoniazid (bottom) drawn 2 h (C2) postdosing before and after starting antiretroviral treatment
with nevirapine (left) or efavirenz (right).
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bined with nevirapine or efavirenz, indicating that the rates of
elimination were unchanged. Pharmacokinetic parameters of iso-
niazid are listed in Table 3. A 21% higher isoniazid Cmax was ob-
served when isoniazid was combined with nevirapine, in keeping
with the shorter Tmax as an indication of likely faster absorption
(geometric mean ratio [GMR] and 90% CI, 1.21 [1.01 to 1.45]).
Of note, a 29% lower AUC as indicated by the GMR and 90%
confidence interval of 0.71(0.55 to 0.92) when isoniazid was com-
bined with efavirenz, with unchanged Cmax and half-lives (4.71 h
and 4.53 h), although with high variability. Interestingly, the pa-
tient who had an undetectable concentration of rifampin when on
efavirenz had detectable concentrations of isoniazid, although in
the lower range (Ctrough 0.54 mg/liter, Cmax 1.05 mg/liter, and
AUC 5.05 mg · h/liter). Before antiretroviral treatment initiation,
an isoniazid C2 of �3 mg/liter was found in 4 patients (19.0%) of
the nevirapine group and 5 patients (29.4%) of the efavirenz
group. After starting antiretroviral therapy, an isoniazid C2 of �3
mg/liter was found in 10 patients (47.6%) of the nevirapine group
and 9 patients (52.9%) of the efavirenz group, as shown in Fig. 3.
None of the included patients had an isoniazid C2 below the MIC
(MIC, 0.05 mg/liter).

Clinical outcome and safety. Thirty-seven patients (97.4%)
successfully completed the tuberculosis treatment. One patient
(2.6%), in whom plasma rifampin concentrations were below the
lower limit of quantification at all time points during the second
pharmacokinetic period, died 10 weeks after starting antiretrovi-
ral treatment due to wasting syndrome associated with advanced
HIV infection. Defaulter or treatment failure was not observed in
the study. From 38 patients initially enrolled in the pharmacoki-
netic study, 33 (86.8%) were followed for 96 weeks. Of these 33
patients, one developed tuberculosis recurrence at week 92, with
lymph node involvement. In this patient, rifampin Cmax levels
before and after antiretroviral therapy initiation were 8.86 mg/
liter and 11.63 mg/liter, respectively, and isoniazid Cmax levels
before and after antiretroviral therapy initiation were 6.07 mg/
liter and 8.92 mg/liter, respectively.

Five weeks after antiretroviral initiation, two patients had an
increase in ALT of grade �2 with levels of 163.9 IU/liter (grade 3)
and 588.0 IU/liter (grade 4) and one patient had total bilirubin of

grade �2 with a level of 8.1 mg/dl (grade 3). Of note, ALT grade 4
and total bilirubin grade 3 were found in a hepatitis B virus (HBV)
carrier patient who had rifampin and isoniazid Cmax levels close to
the median (6.91 mg/liter and 6.11 mg/liter, respectively). Both
patients with increased ALT levels had Cmax levels of rifampin
(3.23 mg/liter and 6.91 mg/liter) and isoniazid (3.29 mg/liter and
6.11 mg/liter) within the ranges described for the whole studied
population. The decrease in plasma HIV-1 RNA from baseline
after 12 weeks of antiretroviral therapy was at least 1 log in all
enrolled patients. The proportions of patients with HIV-1 RNA
levels of �50 copies/ml at weeks 24 and 48 were 86.1% and 85.7%,
respectively.

DISCUSSION

Efavirenz is currently the antiretroviral backbone recommended
for HIV-tuberculosis-coinfected patients, but in the absence of an
alternative to efavirenz in patients who cannot receive it, nevira-
pine is still prescribed for some HIV-tuberculosis-coinfected pa-
tients. This is the first study comparing pharmacokinetic param-
eters of rifampin and isoniazid when prescribed alone and with
nevirapine when prescribed without a lead-in dose in Mozambi-
can HIV-tuberculosis-coinfected patients. To our knowledge, our
study contributes to the limited data on the pharmacokinetics of
antituberculosis drugs in HIV-infected patients treated with efa-
virenz. Our main finding is that rifampin exposure was not altered
to a clinically significant extent when combined with either nevi-
rapine or efavirenz. A 29% significant decrease in isoniazid expo-
sure (AUC) was demonstrated when coadministered with efa-
virenz but not nevirapine. The consequence of such a reduction is
unknown. However, it has been suggested from an in vitro phar-
macodynamic model that the AUC which corresponds to drug
exposure that achieves 50% of the maximal effect is 1 mg · h/liter,
below the AUCs estimated in our population (31, 32). The mech-
anism of this interaction is unclear. Induction of the isoniazid
CYP-mediated pathway is unlikely, as during the duration of the
study isoniazid was combined with rifampin, a very potent in-
ducer of drug-metabolizing enzymes. Concomitant decreases in
Cmax suggest that isoniazid absorption could be decreased.

TABLE 3 Pharmacokinetic parameters of isoniazid administered alone and with addition of nevirapine or efavirenz

Treatment arm and data type

Value of pharmacokinetic parametera

C2 (mg/liter) Cmax (mg/liter) Tmax (h) AUC (mg · h/liter)

Nevirapine arm
No. of patients 21 21 21 19
Isoniazid alone (median [range]) 3.39 (1.25–6.56) 4.83 (1.26–7.75) 1.0 (0.5–4.0) 19.70 (8.32–39.53)
Isoniazid with nevirapine (median [range]) 3.05 (0.64–7.19) 5.96 (1.88–9.80) 0.5 (0.4–2.2) 17.41 (12.56–43.90)
GMRb (90% CI) 1.21 (1.01–1.45) 1.03 (0.95–1.11)
P 0.53 0.06 0.43

Efavirenz arm
No. of patients (median [range]) 17 17 17 17
Isoniazid alone (median [range]) 4.84 (2.19–8.00) 5.20 (2.19–11.51) 1.5 (1.0–4.0) 23.56 (7.73–56.95)
Isoniazid with efavirenz (median [range]) 2.93 (0.68–6.48) 4.91 (1.05–13.47) 0.5 (0.5–2.0) 14.06 (4.94–34.51)
GMR (90% CI) 0.89 (0.68–1.15) 0.71 (0.55–0.92)
P 0.0052 0.62 0.0106

a C2, concentration 2 h postdosing; Cmax, maximum concentration; Tmax, time to achieve maximum concentration; AUC, area under the concentration-time curve during a dosing
interval.
b GMR, geometric mean ratio for the parameters with NNRTI compared to those without NNRTI.
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Whether this interaction could be efflux or uptake transporter
mediated remains to be demonstrated.

The WHO recommends the systematic initiation of antiretro-
viral treatment in any HIV-tuberculosis-coinfected patients, re-
gardless of CD4� T cell levels. For this reason, it is of utmost
importance to know that the introduction of nonnucleoside re-
verse transcriptase inhibitor-based antiretroviral treatment will
not impair antituberculosis drug exposure. Concentrations of ri-
fampin and isoniazid measured in our population of HIV-tuber-
culosis-coinfected patients are similar to those reported in previ-
ous studies (9, 13, 33–36). Tuberculosis and HIV infection were
found to alter absorption and, consequently, decrease antituber-
culosis drug concentrations (11, 22, 23, 37). Interestingly, Barroso
et al. (38) compared rifampin and isoniazid Cmax levels in healthy
volunteers and patients with susceptible tuberculosis. Cmax levels
of rifampin were higher in healthy controls (5.7 mg/liter) than in
tuberculosis-infected patients (2.11 mg/liter), whereas Cmax levels
of isoniazid were similar in healthy controls and tuberculosis pa-
tients (3.26 mg/liter and 2.85 mg/liter, respectively). In addition,
the same study demonstrated that 82% of the tuberculosis patients
had rifampin Cmax levels below the 8-mg/liter threshold compared
to 50% of the healthy subjects, whereas there was no difference for
isoniazid concentrations below the 3 mg/liter threshold (39.3%
and 46.7% for tuberculosis patients and healthy subjects, respec-
tively). Reduced intestinal permeability of patients compared with
healthy subjects was found to be dependent on cofactors such as
alcoholism, smoking, body mass index, and levels of hemoglobin
and albumin. Such patients’ characteristics can also be identified
in severely immunosuppressed HIV-infected patients. In a study
conducted in Botswana by Chideya et al., among 255 tuberculosis
patients, 84% had rifampin Cmax levels of �8 mg/liter and 69% of
them were HIV infected. Rifampin Cmax levels were significantly
lower in patients with CD4� T cells counts of �200 cells/�l than
in those with CD4� T cell counts of �200 cells/�l, pointing out
the role of a functional immune system in drug absorption (9).
Interestingly, despite the inclusion of patients with advanced im-
mune suppression, concentrations measured 2 h postdose and
after starting antiretroviral therapy compared favorably to those
obtained in healthy volunteers. Of note, we found undetectable or
low concentrations of rifampin and isoniazid in one of the in-
cluded patients, who died from wasting syndrome shortly after
sampling for drug assay. Such a discrepancy between rifampin and
isoniazid exposure levels could be related to poor rifampin ab-
sorption in critically ill patients (39). Several factors could be as-
sociated with relatively good rifampin and isoniazid exposure. On
the one hand, patients received support to enhance adherence to
treatment, and bioavailability was optimized with prescription of
WHO-prequalified FDC antituberculosis drugs using small body
weight band ranges (8, 40–44). Indeed, we used a 5-kg body
weight band range to adjust tuberculosis treatment; this diverged
from current recommendations of a national tuberculosis pro-
gram which use a 10-kg body weight band range. On the other
hand, early initiation of potent and efficacious antiretroviral ther-
apy according to recent guidelines (45) may have improved pa-
tients’ health status.

Our study has a number of limitations. First, the sequential
design of the study did not allow us to discriminate between a
drug-drug interaction and improvement of the patients with ini-
tiation of antiretroviral therapy. However, in the 4-week time pe-
riod between the two sampling periods, the average patient weight

remained unchanged, indicating that a sequence effect is unlikely.
No sample was drawn 24 h after drug intake; therefore, the AUCs
over the 12-h dosing interval (AUC0 –12) were calculated assuming
that the AUC0 –12 will be very close to the AUCs over the 24-h
dosing interval (AUC0 –24), as the half-lives of both rifampin and
isoniazid are very short (median half-lives, 1.59 h and 4.71 h,
respectively). In addition, antituberculosis therapy was not super-
imposable in all patients, as for the second pharmacokinetic pe-
riod, nine patients (seven on nevirapine and two on efavirenz)
remained on the four-drug antituberculosis regimen while the
others were on the rifampin-isoniazid dual regimen. Important
changes in rifampin and isoniazid pharmacokinetics due to
ethambutol discontinuation are unlikely, as this drug is elimi-
nated mostly unchanged through the kidneys. However, a slight
effect of pyrazinamide cannot be ruled out, given that a single-
dose study found a 12% decrease in rifampin AUCs when rifam-
pin was administered with pyrazinamide (46). More recently,
studies have demonstrated higher rifampin AUCs during the con-
tinuation phase than during the initiation phase during tubercu-
losis and HIV therapy (20.6 versus 15.7 mg · h/liter, respectively),
although half-lives remained unchanged (2.6 versus 2.9 h), sug-
gesting that increased absorption is related to improvement in the
general health condition rather than to drug-drug interactions
(47). Second, the included patients were not genotyped for drug
metabolism enzyme or transporter polymorphisms. The geneti-
cally polymorphic NAT2 gene is responsible for isoniazid metab-
olism (48), but disease progression in HIV infection and AIDS
may alter expression of the NAT2 gene (49). Rifampin is a sub-
strate and inhibitor of the uptake transporter OATP1B1 encoded
by the SLCO1B1 gene, for which a genetic polymorphism has been
demonstrated (50). Such genetic polymorphisms explain at least
in part the large interindividual variability in the pharmacokinetic
parameters of isoniazid and rifampin observed and as previously
reported (20, 51) but are unlikely to interfere with drug-drug in-
teractions. Third, only rifampin and isoniazid concentrations
were measured, but they are the backbone of antituberculosis
therapy of susceptible strains. Finally, no attempt was made to
relate the measured concentrations to antituberculosis efficacy,
which was defined only on the basis of the clinical response, espe-
cially for patients with smear-negative pulmonary and extrapul-
monary tuberculosis. Indeed, this study was not designed to in-
vestigate drug exposure-effect relationships but sought to
compare drug exposure on and off antiretroviral therapy; there-
fore, our sample size was limited. Even though rifampin and iso-
niazid concentrations were highly variable, peak serum drug con-
centrations remained well above the MICs for Mycobacterium
tuberculosis (i.e., �0.25 mg/liter for rifampin and �0.05 mg/liter
for isoniazid) in all patients, which could be the reason for good
tuberculosis treatment outcomes despite advanced HIV infection.

In conclusion, our data show that neither the rifampin nor the
isoniazid pharmacokinetic parameters were altered to a clinically
significant extent when these drugs were combined with nevira-
pine or efavirenz, even though the lead-in dose of nevirapine was
omitted. Although we were not able to relate drug exposure to
clinical outcome, the high treatment success rate is reassuring.
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