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To determine whether rifampin reduces concentrations of trimethoprim (TMP) and sulfamethoxazole
(SMX) in serum of human immunodeficiency virus (HIV)-infected persons, levels of these agents were
determined by high-performance liquid chromatography before and after more than 12 days of standard
antituberculosis treatment for 10 patients who had been taking one double-strength tablet of co-trimoxazole
once daily for more than 1 month. Statistically significant, 47 and 23% decreases in TMP and SMX mean areas
under the concentration-time curve from 0 to 24 h (AUC0–24), respectively, were observed after administration
of rifampin. N-Acetyl-SMX profiles without and with rifampin were similar. The steady-state AUC0–24 metab-
olite/parent drug ratio increased by 32% with rifampin administration. Our study shows that rifampin reduces
profiles of TMP and SMX in serum of HIV-infected patients.

Trimethoprim (TMP)-sulfamethoxazole (SMX) (co-trimox-
azole) is the drug of choice for dual prevention of Pneumocystis
carinii pneumonia and toxoplasmosis and is the most widely
used prophylaxis for human immunodeficiency virus (HIV)-
infected patients (2). These patients show a high incidence of
tuberculosis and often receive concomitant co-trimoxazole and
antituberculosis treatment. Rifampin is a potent inducer of the
hepatic microsomal system and produces a considerable de-
crease in concentrations in serum of drugs with extensive me-
tabolism by the microsomal enzymes (1, 7). The effect of ri-
fampin on the pharmacokinetics of TMP and SMX has not
been evaluated.

In a previous clinical study, we found that rifampin can
reduce the efficacy of co-trimoxazole for prophylaxis against
toxoplasmosis in HIV-infected patients (8). Therefore, we ini-
tiated a drug-drug interaction study to determine if coadmin-
istration of co-trimoxazole and rifampin leads to a decrease in
co-trimoxazole components in serum.

Ten adult HIV-infected patients undergoing co-trimoxazole
prophylaxis admitted to our hospital with tuberculosis from
November 1997 and February 1999 were included in the study.
A pharmacokinetic study was carried out before beginning
antituberculosis treatment and after more than 12 days of
treatment. All subjects had taken one double-strength tablet of
co-trimoxazole (containing 160 mg of TMP and 800 mg of
SMX) once daily for more than 1 month. Patients could re-
ceive any other treatment for their illness (benzodiazepins,
three patients; omeprazol, two patients; methadone, one pa-
tient; and nucleoside analogues, seven patients) as long as
there was no change in therapy between the two pharmacoki-
netic studies, except for the start of antituberculosis treatment.

This consisted of once-daily rifampin (600 mg/day), isoniazid
(300 mg/day), pyrazinamide (30 mg/kg of body weight/day),
and ethambutol (25 mg/kg/day). No patients received protease
inhibitors.

Blood samples (8 ml) were collected for determination of
serum drug concentrations at the following times relative to
dose administration: prior to dosing (0 h) and at 0.5, 1, 1.5, 2,
4, 6, and 12 h postdosing. All samples were centrifuged at
900 � g for 10 min, and serum was stored at �70°C until assay.

Concentrations in serum of TMP, SMX, and N-acetyl-SMX
were determined by high-performance liquid chromatography
using a modification of the method reported by DeAngelis et
al. (4). Chromatographic separation was achieved with a short
column (30 mm by 4.6 mm inside diameter) packed with Per-
kin-Elmer C18, with a particle size of 3 �m. TMP, SMX and
acetyl-SMX were determined simultaneously in the same chro-
matogram. The retention times were 1.1 min (TMP), 3.2 min
(SMX), and 4.3 min (N-acetyl-SMX). Between-day coefficients
of variation ranged from 6.4 to 9.6%. The sensitivity of the
assay was as follows: TMP, 0.12 �g/ml; SMX, 1.25 �g/ml; and
N-acetyl-SMX, 0.25 �g/ml.

Serum rifampin concentrations were determined by high-
performance liquid chromatography using a modification of
the method reported by Le Guellec et al. (5). As for co-
trimoxazole compound, chromatographic separation was
achieved with a short column (30 mm by 4.6 mm inside diam-
eter) packed with Perkin-Elmer C18, with a particle size of 3
�m. The retention time for rifampin was 2.1 min. The batch-
to-batch precision and sensitivity of the assay were 7.5% and
0.1 �g/ml, respectively.

The highest serum drug concentration over the dose interval
at steady state (Cmax) and the time at which it occurred (Tmax)
were obtained directly from individual concentration-time pro-
files. The area under the serum concentration-time curve
(AUC) was calculated by using the trapezoidal rule for 0 to
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24 h in the Abbottbase Pharmacokinetic Systems (Abbott Lab-
oratories, Abbott Park, Ill.).

Descriptive statistics were summarized as median and range
interval. Using the Wilcoxon test, a pairwise comparison was
performed on changes in serum drug concentrations and phar-
macokinetic parameters before and during rifampin adminis-
tration. Statistical significance was defined as a two-sided P
value of �0.05.

A total of 10 patients (9 men and 1 woman), with a median

age of 33 (range, 22 to 42) years, a median weight of 56 (range,
40 to 75) kg, and a median height of 172 (range, 150 to 185) cm
were enrolled in and completed the study. The mean CD4
lymphocyte count was 81 � 106 (range, 27 � 106 to 432 � 106)
cells/liter.

As can be seen in Table 1 and Fig. 1 and 2, serum TMP and
SMX concentrations were lower in the presence of rifampin
than when co-trimoxazole was given alone. TMP Cmax values
were 2.0 and 1.1 �g/ml before and during rifampin adminis-

TABLE 1. Steady-state pharmacokinetic parameters for TMP, SMX, and N-acetyl-SMX after administration of 160/800 mg of co-trimoxazole
alone or with 600 mg of rifampina

Drug and administration Cmax (�g/ml) Tmax (h) AUC (�g � h/ml) �AUC (%)

TMP
Alone 2.01 (1.07 to 12.99) 2 (1.5 to 6) 22.4 (13.5 to 65.2)
With rifampin 1.13 (0.70 to 1.94) 2 (1 to 4) 9.8 (7.0 to 17.7) �46.7 (�84.9 to �5.1)
P 0.17 0.088 0.013

SMX
Alone 42.1 (30.2 to 55.7) 2 (1.5 to 4) 574.2 (342.6 to 796.3)
With rifampin 41.5 (24.8 to 66.4) 2.5 (1 to 4) 412.4 (273.0 to 930.2) �22.7 (�29.3 to �22.9)
P 0.72 0.67 0.047

N-Acetyl-SMX
Alone 8.7 (5.8 to 25.4) 4 (1 to 6) 146.3 (63.3 to 485.2)
With rifampin 8.4 (4.2 to 21.4) 5 (1.5 to 12) 152.8 (57.8 to 390.5) �12.2 (�48.9 to �80.1)
P 0.57 0.14 0.79

Metabolite/parent ratio
Alone 0.29 (0.09 to 1.15)
With rifampin 0.38 (0.14 to 1.18) �31.6 (�14.1 to �164.0)
P

a The values shown are medians (ranges) (n � 10).

FIG. 1. Mean steady-state concentrations (� standard errors of the means) of TMP in serum after administration of 160/800 mg of co-
trimoxazole alone or with 600 mg of rifampin.
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tration, respectively, yielding nonsignificant differences. There
was a statistically significant 47% decrease in TMP AUC0–24

with concomitant rifampin administration. The decrease in the
TMP concentration during rifampin dosing was significant
from 2 h postdosing on. SMX Cmax was about 42 �g/ml, with
no differences before and during rifampin administration.
There was a statistically significant 23% decrease in SMX
AUC0–24 with concomitant rifampin administration. The de-
crease in serum SMX concentration with rifampin was statis-
tically significant from 4 h postdosing on. N-Acetyl-SMX se-
rum concentrations without and with rifampin were similar,
with a nonsignificant 12% increase in AUC0–24 after rifampin
dosing. The steady-state AUC0–24 metabolite/parent drug ratio
increased a statistically significant 32%.

Median pharmacokinetic parameters (range) of rifampin
were as follows: AUC0–24, 76.3 (13.1 to 113.0) �g � h/ml; Cmax,
11.2 (4.3 to 20.9) �g/ml; and Tmax, 1.75 (1 to 8) h. Cmin was
�0.1 �g/ml in 7 out of 10 patients.

Our findings demonstrate that concurrent administration of
rifampin resulted in lower serum TMP and SMX concentra-
tions than when co-trimoxazole was given alone. The TMP and
SMX AUC0–24 decreased a significant 47 and 23%, respec-
tively, when administered with rifampin.

Lee et al. (B. L. Lee, H. Lampiris, D. C. Colborn, R. C.
Lewis, P. K. Narang, and P. Sullam, Abstr. 35th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. A36, p. 7, 1995) exam-
ined the pharmacokinetic interactions between rifabutin and
co-trimoxazole in 12 HIV-infected patients. Rifabutin signifi-
cantly decreased the TMP concentration and did not influence
the disposition of SMX. The decreases that we found in serum
TMP and SMX concentrations in the presence of rifampin
were greater than those found for rifabutin. These results are

in keeping with the fact that rifampin is a more potent inducer
of the hepatic microsomal system than is rifabutin (6).

The oxidative drug metabolism of TMP is mediated by he-
patic cytochrome P450 (CYP). Only 10 to 20% of this drug is
metabolized via CYP enzymes to inactive metabolites (9). The
individual isozymes involved in TMP metabolism are not well
defined, though it is likely that CYP2C9 plays an important
role, and CYP3A4 may also be implicated. Both isozymes are
known to be induced by rifampin. More than 80% of SMX is
metabolized in the liver, mainly by N-acetylation but also by
glucuronidation and by hydroxylation (10). Only a small per-
centage of SMX is metabolized to hydroxylamine, and
CYP2C9 is the primary enzyme responsible for this metabo-
lism (3). Rifampin also induces uridine-diphosphate-gluc-
uronosyltransferase and, therefore, might increase the gluc-
uronidation of SMX. However, the 23% decrease in the SMX
AUC0–24 and the 32% increase in the metabolite/parent ratio
(N-acetyl-SMX/SMX) that we found indicate that rifampin
could very likely be a mild inducer of SMX hepatic acetylation
as well.

The concentrations of TMP and SMX in serum required for
prophylaxis of P. carinii pneumonia and toxoplasmosis have
not been established. Thus, we cannot deduce whether the
moderate decrease in serum co-trimoxazole levels caused by
rifampin has clinical implications. In a previous study, we
found that rifampin reduced the efficacy of co-trimoxazole for
the prevention of toxoplasmic encephalitis (8). This reduction
in prophylactic efficacy was much more important for patients
receiving low doses of co-trimoxazole than for those receiving
high doses. It is reasonable to think that, if co-trimoxazole
concentrations are reduced because of drug-drug interaction
with rifampin, the efficacy of prophylaxis will be diminished,

FIG. 2. Mean steady-state concentrations (� standard errors of the means) of SMX in serum after administration of 160/800 mg of co-
trimoxazole alone or with 600 mg of rifampin.
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particularly when low doses, closer to the minimum effective
dose, are given.

There are no works studying the effect of rifampin on co-
trimoxazole efficacy in the prevention of P. carinii pneumonia.
It is likely that the clinical repercussions of the decrease in
concentrations of TMP and SMX in serum are more important
in the prevention of toxoplasmic encephalitis than in that of P.
carinii pneumonia, since toxoplasmosis prophylaxis requires
adequate levels of the drugs in the central nervous system.

In summary, rifampin-containing antituberculosis regimens
produced a significant, though moderate, decrease in TMP and
SMX serum concentrations when administered concurrently
with co-trimoxazole in HIV patients. The results of this study
are in keeping with those from our previous clinical work, in
which the lower doses of co-trimoxazole used for primary pro-
phylaxis of toxoplasmic encephalitis showed reduced efficacy
when given together with rifampin.
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