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The pharmacokinetics of levofloxacin, administered in high doses and with extended dosing intervals, was
studied in human immunodeficiency virus (HIV)-infected patients. Thirty patients received either 750 mg of the
drug or a placebo once daily for 14 days, followed by 750 mg or 1,000 mg of the drug or a placebo three times
weekly for an additional 14 days. Levofloxacin disposition was characterized by rapid oral absorption, with
peak concentrations occurring approximately 1.5 h after dosing and elimination half-lives from 7.2 to 9.4 h. The
overall incidence of any adverse effect was 70% (1,000 mg) to 95% (750 mg) for levofloxacin-treated patients and
71% for those taking the placebo. Levofloxacin pharmacokinetic parameters for HIV-infected patients were
consistent with those observed in studies of healthy volunteers.

Patients infected with human immunodeficiency virus (HIV)
are known to be highly susceptible to coinfection with myco-
bacterial species, especially Mycobacterium avium complex
(MAC) and Mycobacterium tuberculosis (3, 7). For patients
with HIV and disseminated MAC that is resistant to macro-
lides, clinicians often prescribe complex regimens that may
include a quinolone, such as levofloxacin (1). In addition, for
therapy of multidrug-resistant tuberculosis (MDR-TB), the
use of levofloxacin may be considered. Levofloxacin has been
shown to be active against tuberculosis in vitro with an MIC at
which 90% of the isolates are inhibited of ,1.0 mg/ml (9).
Recent clinical data suggest that levofloxacin may be of some
utility in patients with MDR-TB (10).

Levofloxacin is a fluorinated quinolone antibiotic with a
broad spectrum of activity. It possesses a favorable pharmaco-
kinetic profile, with wide distribution into tissues and macro-
phages, good oral absorption, and a long half-life (t1/2) which
allows for once-daily dosing (2, 4). It is eliminated renally and
thus does not cause interactions with the myriad of drugs used
for HIV infection that are metabolized by the cytochrome
P-450 system.

The pharmacokinetics of levofloxacin in healthy volunteers
and in patients with asymptomatic HIV infection has been well
described (4, 5). Its disposition in patients with advanced HIV
infection has not been studied. Furthermore, the pharmacoki-
netics of levofloxacin when higher doses are administered over
extended intervals has not been evaluated. Such doses, admin-
istered two or three times weekly, would facilitate directly
observed therapy. The purpose of this study was to character-
ize the pharmacokinetics and safety of levofloxacin in HIV-

infected patients when it is administered in higher doses at
extended intervals.

This was a sequential, two-part, randomized, double-blind,
placebo-controlled study of HIV-infected patients. Inclusion
criteria included documented HIV infection (positive by en-
zyme-linked immunosorbent assay and Western blot test), an
age of $18 years, and laboratory test results within defined
protocol limits. Subjects were excluded if they had allergies to
quinolones, had experienced vomiting or diarrhea within 48 h
of screening, or had HIV wasting syndrome. Subjects were
randomized to one of the three treatment groups listed below
and were stratified by CD4 count (less than and greater than
250 cells/mm3). Patients received levofloxacin or the placebo
once daily from days 1 to 14 and three times weekly from days
15 to 26. The doses were as follows: for group 1, 750 mg of
levofloxacin throughout; for group 2, 750 mg of levofloxacin on
days 1 to 14 and 1,000 mg of levofloxacin on days 15 to 26; and
for group 3, placebo throughout.

The 750-mg dose consisted of one 500-mg tablet, two
125-mg tablets, and two placebo tablets. The 1-g dose consisted
of one 500-mg tablet and four 125-mg tablets. Placebo and
drug supplies appeared to be identical. Patients were in-
structed to fast for at least 6 h prior to the administration of the
morning dose and to consume breakfast 2 h after each dose. In
the event of nausea, subsequent doses were given with food
(one patient).

On days 1, 14, 15, and 26, patients were admitted to the
hospital and serial blood samples were collected prior to dos-
ing and then at 0.5, 1, 1.5, 2, 3, 4, 8, 12, 16, and 24 h after
dosing. Samples were also drawn at 48 and 72 h after the final
dose on day 26. Quantitative urine collections were performed
between 0 and 2, 2 and 4, 4 and 8, 8 and 12, and 12 and 24 h
on the study days listed above. Urine was also collected be-
tween 24 and 48 and 48 and 72 h following the last dose. Blood
samples were collected just prior to and then 2 h after dosing
on days 5, 13, and 24 to monitor adherence.

Patients were allowed to receive concomitant antiretroviral
therapy during the study. Drugs were selected by each patient’s
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referring health care provider based on clinical judgment. Di-
danosine and levofloxacin doses were separated by at least 2 h.

The study was reviewed and approved by the Institutional
Review Board of the National Institute of Allergy and Infec-
tious Diseases.

Concentrations of levofloxacin in plasma were determined
by high-pressure liquid chromatography by using a published
assay (12). The assay was linear over the concentration range
studied, and the lower limit of quantitation was 0.08 mg/ml.
The inter- and intraday coefficient of variation was ,10%.

Pharmacokinetic parameters were determined by standard
noncompartmental analysis (8). Maximum concentration and
time to maximum concentration (Tmax) were determined di-
rectly from concentration-time profiles. Area under the con-
centration-time curve (AUC) was calculated by the trapezoidal
summation method. The elimination rate constant (kel) was
determined by log-linear regression analysis of concentration-
time data by using data points with a correlation coefficient of
no less than 0.95. The t1/2 was calculated as 0.693/kel. The
maximum concentration in urine was determined by inspection
of urine concentration-versus-time profiles. The Ae was the
cumulative amount of levofloxacin excreted in the urine. Renal
clearance (CLR) was calculated by dividing the Ae over 24 h by
the AUC from 0 to 24 h. Creatinine clearance (CLCR) at
baseline was estimated by using the Cockcroft-Gault equation,
with correction for gender (6).

The safety of levofloxacin was evaluated by clinical labora-
tory testing as well as subjective assessment by patient inter-
view and record keeping.

Statistics. The effects of prestudy CLCR, CD4 count (,250
or .250 cells/mm3), and dose on total body clearance on day
26 were studied by using general linear regression modeling of
the data. The effects of these covariates were tested at the 5%
level of significance with the SAS statistical program version
6.09. Similar regression models were also used to study the
effects of CLCR, CD4 count, and dose on CLR on day 26. The
adverse effects of different treatment regimens were analyzed
by a Pearson’s chi-square test. A P value of ,0.05 was consid-
ered statistically significant.

Subjects. Thirty-one subjects were enrolled and randomized
into the study. Results from one subject who did not receive
study medication are not included in the analysis. Thirty sub-
jects, including four subjects who discontinued the study pre-
maturely and were replaced, received levofloxacin or the pla-
cebo. There were 28 males and 2 females, and the mean age
was 35.5 6 7.1 years. Eleven patients received 750 mg of
levofloxacin throughout the study, twelve patients received 750
mg of levofloxacin daily (q.d.) followed by 1,000 mg of levo-
floxacin three times a week (t.i.w.), and seven patients received
the placebo. Of those patients receiving levofloxacin, 11 had
CD4 counts below 250 cells/mm3 (median, 123 cells/mm3;
range, 4 to 249 cells/mm3) and 12 had CD4 counts above 250
cells/mm3 (median, 421 cells/mm3; range, 295 to 772 cells/
mm3). Antiretroviral therapies were comparable between
groups, although the majority of patients were receiving mono-
therapy or no therapy, since only four nucleoside analog re-
verse transcriptase inhibitors were available at the time of the
study.

Safety. Adverse effects experienced by treatment and pla-
cebo groups are shown in Table 1. Adverse events were noted
with high frequency in both levofloxacin- and placebo-treated
patients. The overall incidence of any adverse effect was 70%
(for the group receiving 1,000 mg t.i.w.) to 95% (for the group
receiving 750 mg q.d.) for levofloxacin-treated patients and
71% for those taking the placebo. No significant differences in
the incidence of adverse effects in levofloxacin and placebo

groups were noted. Most adverse effects were mild. Only two
patients had to discontinue levofloxacin treatment, one be-
cause of fatigue, dizziness, and nausea and the other due to
severe pruritus. Gastrointestinal side effects of nausea and
diarrhea were the most common complaints, followed by head-
ache, flatulence, and fatigue. Four subjects did not complete
the study for non-medication-related reasons: two patients
were excused for inability to obtain venous access, and two
patients decided to withdraw. Levofloxacin concentrations
were within the normal ranges on days 5, 13, and 24, suggesting
that patients adhered to the prescribed regimen.

Pharmacokinetics. Mean concentration-time curves of levo-
floxacin for each dose group are shown in Fig. 1 and 2. Mean
pharmacokinetic parameters are given in Table 2. Levofloxacin
disposition was characterized by rapid oral absorption, with
peak concentrations occurring approximately 1.5 h after dos-
ing. Levofloxacin pharmacokinetic parameters remained linear
and constant throughout study days 1, 14, 15, and 26. The
mean interday coefficients of variation in Tmax, t1/2, and oral
clearance (CL/F) were 28, 20, and 13%, respectively. Following
multiple 750-mg q.d. doses, the mean ratio of the AUC on day
14 to that on day 1 was 1.29 (standard deviation, 0.33), indi-
cating some accumulation upon multiple dosing.

There appeared to be an increase in the terminal t1/2 of
levofloxacin and a decreased oral clearance in patients with
CD4 counts that were ,250 cells/mm3 (Table 2). However,
regression modeling demonstrated that CD4 count did not
have a statistically significant effect on oral clearance (P 5
0.117) or CLR (P 5 0.631). Renal function, as estimated by
prestudy CLCR values, was on average 23% lower in subjects
with lower CD4 counts. CLCR ranged from 5 to 140 ml/min/
1.73 m2 (mean, 83 ml/min/1.73 m2) in subjects with CD4 counts
that were ,250 cells/mm3 and ranged from 81 to 182 ml/min/
1.73 m2 (mean, 108 ml/min/1.73 m2) in subjects with CD4
counts that were .250 cells/mm3. However, regression analysis
did not show CLCR to significantly affect total body clearance
(P 5 0.06).

Since coinfection with HIV and TB or MAC is frequently

TABLE 1. Number of subjects with reported adverse effects

Adverse event or body
system affected

No. of subjects from group:

750
mg qda

750
mg tiwb

1,000
mg tiwb

Placeboc

qd tiw

Any event 22 9 7 5 5

Gastrointestinal 18 5 2 2 3
Nausea 12 1 2 2 1
Diarrhea 8 2 1 1 2
Flatulence 4 0 0 1 0

General 8 3 3 3 2
Fatigue 4 0 0 0 0
Fever 2 1 2 0 1

Central nervous system 8 0 2 3 0
Headache 7 0 0 3 0

Skin 6 2 4 2 2
Pruritus 2 0 2 1 0
Rash 2 1 2 2 1

a Includes patients from groups 1 and 2; n 5 23.
b n 5 10.
c n 5 7.
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encountered, we evaluated the pharmacokinetics of levofloxa-
cin in HIV-infected patients receiving high doses and extend-
ed-interval doses that could be used to treat TB or dissemi-
nated MAC. Fluoroquinolones such as levofloxacin may be

useful in drug-resistant mycobacterial infections in which there
are a limited number of drugs available and a long duration of
therapy is required (1, 7). This study provides preliminary
pharmacokinetic data for high-dose, extended-interval dosing.

FIG. 1. Mean plasma concentration-versus-time profiles of levofloxacin in HIV-seropositive subjects following daily (days 1 to 14) and thrice-weekly (days 15 to 26)
750-mg oral doses.

FIG. 2. Mean plasma concentration-versus-time profiles of levofloxacin in HIV-seropositive subjects following a dose change from 750 mg to 1 g on day 15 and after
thrice-weekly 1-g doses of the drug were administered orally from days 15 to 26.
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The usefulness of this strategy in patients with MDR-TB re-
mains to be determined in clinical trials.

Pharmacokinetic parameters of levofloxacin in this study
were consistent with those found in previous studies of healthy
patients (4). When levofloxacin was used thrice weekly at a
dose of 1,000 mg, maximum concentrations were in excess of
12 mg/ml. In vitro studies have shown the MIC of levofloxacin
to be ,1.0 mg/ml for M. tuberculosis and 4 mg/ml for MAC (9,
11). Since levofloxacin likely demonstrates concentration-de-
pendent killing of mycobacteria, there is rationale to evaluate
doses higher than those used for common community-acquired
infections (10). In addition, the use of extended-interval dosing
supports the recent emphasis on directly observed therapy.

Although there was a high incidence of adverse effects with
levofloxacin, it is important to note that members of this group
of HIV-infected patients were taking various other medica-
tions for treatment of the underlying disease. Many of the
generalized adverse effects, such as nausea, diarrhea, and
headache, were likely attributable to concomitant medications
used for HIV infection. This is demonstrated by the high in-
cidence of adverse effects in the placebo groups.

Levofloxacin is likely to be used in HIV-infected patients for
treatment of both common bacterial infections and drug-resis-

tant mycobacterial infections. Its in vitro activity combined
with good oral absorption, penetration into macrophages, and
lack of drug interactions makes it a useful agent in this popu-
lation. Additional studies are warranted to evaluate the role of
levofloxacin in HIV-infected patients with concomitant myco-
bacterial disease.
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b Group A, subjects with a CD4 count of ,250 cells/mm3; group B, subjects with a CD4 count of .250 cells/mm3.
c AUC values were calculated from 0 to 24 h.
d Data for days 1, 14, and 15 are based on 24-h urine recovery values, and data for day 26 are based on 72-h urine recovery values.
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