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The activity of the macrolide antibiotic clarithromycin was examined alone or in combination with other
drugs for the treatment of acute or chronic infections with Toxoplasma gondii in mice. A dose of 300 mg of
clarithromycin per kg per day administered alone for 10 days, beginning 24 hours after infection, protected 10
to 30% of mice infected with lethal inocula of tachyzoites or tissue cysts of different strains of T. gondii,
including some strains isolated from patients with both AIDS and toxoplasmosis. Although clarithromycin was
protective, a wide variation in its activity against different strains was observed. Survival of infected mice was
increased significantly by treatment with clarithromycin in combination with pyrimethamine or with
sulfadiazine. Treatment of chronically infected mice with clarithromycin at 300 mg/kg/day administered alone
for 8 weeks resulted in significant reduction in the numbers of 7. gondii cysts in their brains. The combination
of clarithromycin and minocycline resulted in an activity against T. gondii cysts that was significantly greater
than the activity of clarithromycin or minocycline administered alone. These results indicate a role for
clarithromycin in the treatment of human toxoplasmosis, particularly when this antibiotic is used in
combination with other drugs with activity against T. gondii.

At present the treatment of choice for toxoplasmosis
remains the synergistic combination of pyrimethamine and a
sulfonamide (14). However, untoward side effects that may
require discontinuation of the therapy are relatively frequent
when this combination is used to treat toxoplasmosis in
immunocompromised individuals, particularly patients with
AIDS (13). Therefore, a considerable research effort is in
progress to identify new therapeutic agents and new thera-
peutic combinations for treatment of toxoplasmosis, partic-
ularly toxoplasmic encephalitis. A number of azalide/macro-
lide antibiotics have been demonstrated to have in vitro and
in vivo activities against Toxoplasma gondii (1, 2, 5-7, 10).
Of these, clarithromycin, a 6-O-methyl derivative of eryth-
romycin, has been shown to have in vitro and in vivo activity
against T. gondii (8, 9). We have examined the activities of
clarithromycin alone and in combination with other drugs in
treating acute and chronic infections with different strains of
T. gondii, including strains isolated from patients with
AIDS.

MATERIALS AND METHODS

Drugs. Clarithromycin (lot 134-974-AX; Abbott Laborato-
ries, Abbott Park, Ill.) was dissolved in phosphate-buffered
saline (PBS; pH 6.8), sonicated before each administration,
and given orally through a feeding needle. Minocycline HCI
(lot 798; Lederle Laboratories, Division of American Cyan-
amid Co.) was dissolved in distilled water, the desired
concentrations were prepared in polyethylene glycol 500 as
previously described (6), and the drug was administered
orally. Pyrimethamine (lot 3F0991; Burroughs-Wellcome
Co.) was dissolved in 0.25% carboxymethyl cellulose con-
taining 0.05% Tween 20 and administered orally. Sulfadiaz-
ine (Sigma Chemical Co., St. Louis, Mo.) was dissolved and
administered in drinking water.

* Corresponding author.

Mice. Swiss Webster or CBA/Ca female mice, weighing 20
g at the beginning of each experiment, were used.

T. gondii. Tachyzoites of T. gondii RH or tissue cysts of T.
gondii MEA49 or C56 were used. In addition, tachyzoites of T.
gondii MO, SOU, and CAST, isolated from patients with
both AIDS and toxoplasmic encephalitis (6), were used.
Tachyzoites were obtained from the peritoneal cavities of
previously infected mice (2); cysts were collected from
brains of chronically infected mice (12).

Statistical analysis. Statistical analysis was performed by
using the Mann-Whitney U test.

RESULTS

Determination of the activity of clarithromycin against acute
murine toxoplasmosis. Swiss Webster mice were infected
intraperitoneally (i.p.) with 2.5 X 10° RH tachyzoites or
orally with 10 cysts of the C56 strain. Treatment with
clarithromycin or with the other drugs alone or in combina-
tion was initiated at different intervals after infection. Mice
were observed for survival, and brains of survivors were
examined for T. gondii cysts as previously described (3).

Although there was variation in the activity of clarithro-
mycin against acute murine toxoplasmosis, repeated exper-
iments consistently demonstrated protection, as represented
by survival of 10 to 30% of mice infected with a lethal
inoculum of RH tachyzoites (Fig. 1) or C56 cysts (Fig. 2) and
treated with a daily dose of 300 mg of clarithromycin per kg
for 10 days beginning 24 h after infection. A similar dose and
schedule of treatment was also active against strains of T.
gondii isolated from patients with AIDS, but a wide variation
in activity of the antibiotic against different strains of the
parasite was observed. Thus, five experiments performed on
different days revealed survival of 10 to 30% of mice infected
with RH (Fig. 1) or MO (Fig. 3A) tachyzoites and 20% of
mice infected with SOU tachyzoites (Fig. 3B). However, in
three experiments 100% of mice infected with CAST tachy-
zoites died (Fig. 3C). An increase in the dose of clarithro-
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FIG. 1. Survival of mice infected i.p. with 2.5 x 10 tachyzoite:

of T. gondii RH and treated orally with clarithromycin (CLA) at 200
or 300 mg/kg/day for 10 days beginning 24 h after infection (P =

0.018 for the dose of 300 mg; Mann-Whitney U test).

mycin to 400 or 500 mg/kg/day did not result in improved

survival of mice infected with any of the strains of 7. gondii.

Activities of clarithromycin in combination with other

drugs. Synergistic activity was observed when clarithromy-
cin was combined with other drugs that are active against T.
gondii. In two experiments, when mice infected with RH
tachyzoites were treated with clarithromycin at 300 mg/kg/
day combined with pyrimethamine at 15 mg/kg/day, at least
70% survived, whereas no more than 10% of control animals
treated with just one of the drugs survived (Fig. 4). Similarly,

combination of a noncurative dose of clarithromycin with a

noncurative dose of sulfadiazine resulted in 60% survival
(Fig. 5). ,

Effect of treatment on cysts in brains of chronically infected

mice. To determine activity against 7. gondii cysts, we
infected CBA/Ca mice orally with 10 cysts of 7. gondii ME49
as previously described (3). The infection was allowed to
develop in these mice for 6 weeks without treatment. Then
oral treatment with clarithromycin alone at 300' mg/kg/day
was initiated and continued for 8 weeks. At 2-week intervals
after initiation of treatment, groups of three mice were killed
and their brains were collected and divided in half. One-half
of each brain was mixed with PBS and ground with a mortar
and pestle, and the number of cysts in five samples of 20 pl
each was determined. The other portion of each brain was
fixed and used for histopathologic testing (3).
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FIG. 2. Survival of mice infected orally with cysts of T. gondii
C56 and treated orally with clarithromycin at 300 mg/kg/day begin-

ning at the indicated times after infection (P = 0.02 for the 24-h
period).
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FIG. 3. Activity of clarithromycin (CLA) in mice infected i.p.
with 2.5 x 10° tachyzoites of T. gondii MO (A), SOU (B), and CAST
(C). All three strains were isolated from patients with both AIDS
and toxoplasmic encephalitis (P = 0.019 for the dose of 300 mg in
panel A, and P = 0.1 for the dose of 300 mg in panel B).

Treatment with clarithromycin at 300 mg/kg/day for 8
weeks resulted in a significant reduction in the number of
cysts in the brains of the infected mice (Fig. 6). Because of
these results and our previous demonstration of the syner-
gistic effect of the combination of clarithromycin and the
tetracycline analog minocycline in the treatment of acute
murine toxoplasmosis (4), we considered it of interest to
determine whether a larger reduction in the numbers of T.
gondii cysts in the brains of mice would be observed in mice
treated with the clarithromycin-minocycline combination.
For this experiment, we infected groups of CBA/Ca mice i.p.
with 20 cysts of strain ME49 and, 6 weeks later, treated them
orally with clarithromycin at 200 mg/kg/day plus minocycline

at 50 mg/kg/day or with an equal concentration of clarithro-
mycin or minocycline administered alone. Treatment was
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FIG. 4. Synergistic effect of the combination of clarithromycin
(CLA) and pyrimethamine (PY) in treatment of acute murine toxo-
plasmosis. Mice were infected i.p. with 2.5 x 10° RH tachyzoites.
Oral treatment was initiated 24 h after infection and was continued
for 10 days (P = 0.011 when clarithromycin alone was compared
with the combination).

continued daily for 4 weeks. At 2 and 4 weeks after initiation
of treatment, mice were killed and their brains were proc-
essed as described above for cyst counts and histopathologic
testing. The number of T. gondii cysts observed in brains of
mice treated with the combination was significantly de-
creased from that in the controls (Fig. 7). In addition,
histopathologic testing revealed less brain inflammation in
the mice treated with the combination than in the mice
treated with each drug alone.

DISCUSSION

The above results demonstrate that clarithromycin is
active in the treatment of toxoplasmosis in mice infected
either i.p. or orally with lethal inocula of different strains of
T. gondii. However, a wide variation in the response to the
treatment was noted in mice infected with different strains of
the parasite. This observation may have implications for
therapy of toxoplasmosis in humans, particularly those with
AIDS. However, it may not necessarily predict a relative
lack of efficacy for certain strains in humans, since the
pharmacokinetics of clarithromycin in mice and humans may
differ considerably. In fact, results of a trial in patients with
both AIDS and toxoplasmic encephalitis revealed that treat-
ment with the combination of clarithromycin and py-
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FIG. 5. Synergistic effect of the combination of clarithromycin
(CLA) plus sulfadiazine (SUL) in treatment of acute murine toxo-
plasmosis. Infection and treatment were as for Fig. 4 (P = 0.012
when clarithromycin alone was compared with the combination).
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FIG. 6. Activity of clarithromycin alone against cysts of T.
gondii in brains of chronically infected mice. CBA/Ca mice were
infected orally with 10 cysts of strain ME49. Oral treatment with
clarithromycin at 300 mg/kg/day was initiated 6 weeks after infection
and continued for 8 weeks. Bars indicate the mean (and standard
error) of the number of cysts in the brains of three treated and three
control mice at the indicated days or weeks after initiation of
treatment. Differences between treated and control mice from day
10 through 8 weeks were statistically significant (P < 0.001, Mann-
Whitney U test). Abbreviations: D, days; W, weeks.

rimethamine resulted in partial resolution of brain lesions on
computed tomography and in striking clinical responses (11).
A synergistic effect was observed when clarithromycin
was used in combination with pyrimethamine, sulfadiazine,
or minocycline. The observed synergism of the combination
of clarithromycin and minocycline is of particular interest
since it indicates that the combination of clarithromycin and
drugs other than pyrimethamine or sulfadiazine might be
effective for treatment of human toxoplasmosis in patients
with AIDS. This observation is important because drugs that
can replace pyrimethamine or sulfadiazine for treatment of
toxoplasmosis in patients with AIDS are urgently needed.
Clarithromycin alone or in combination with minocycline
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FIG. 7. Activity of the combination of clarithromycin (CLARI)
and minocycline (MINO) against 7. gondii cysts in brains of
chronically infected mice. Mice were infected as for Fig. 6. Treat-
ment with 200 mg of clarithromycin per kg in combination with 50
mg of minocycline per kg was administered orally beginning 6 weeks
after infection and continued, daily, for 6 weeks. Groups of mice
were killed at 2 and 4 weeks of treatment. Each bar represents the
mean (and standard error) of the number of cysts in five mice. P
values of the differences between clarithromycin alone or in combi-
nation with minocycline were 0.004 at 4 weeks and 0.03 at 2 weeks.
For the combination of clarithromycin and minocycline and for
minocycline alone the values were 0.0002 at 4 weeks and 0.3 at 2
weeks (Mann-Whitney U test).
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was also found to be active against cysts of T. gondii in vivo.
This activity was evidenced by a reduction in the number of
cysts in the brains of treated mice. The reduction was
noticed as early as 5 days after initiation of treatment and
was statistically significant after 2 and 4 weeks of treatment.
However, there were few differences between the inflamma-
tory responses in the brains of treated and untreated mice.

In the mouse model used in the present studies, the
pathogenesis of the encephalitis differs from what is believed
to occur in patients with AIDS. Thus, in the model used, the
toxoplasmic encephalitis results from a primary infection
and the animals are treated while they still have considerable
inflammation in their brains. In patients with AIDS, toxo-
plasmic encephalitis is believed to originate from reactiva-
tion of a latent T. gondii infection. Despite this, the remark-
able activity of clarithromycin alone or in combination with
other drugs against the acute infection in mice and against
the cysts in the chronic infection supports its use in carefully
designed studies of treatment of toxoplasmosis.
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