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Monotherapy with isoniazid or amikacin or clarithromycin or combinations of two of these drugs showed nil
to modest therapeutic activity in beige mice infected with Mycobacterium avium. However, the combination of
all three, isoniazid-amikacin-clarithromycin, markedly reduced CFUs in both spleens and lungs after 91 days
of infection.

Organisms belonging to the Mycobacterium avium-Mycobac-
terium intracellulare complex (MAC) may cause disseminated
infections in patients with AIDS (8, 15). The Public Health
Service Task Force on Prophylaxis and Therapy for MAC
recommended clarithromycin (CLA)-containing regimens for
therapy of these infections (11, 12). Isoniazid (INH), a power-
ful bactericidal drug largely used for the treatment of tuber-
culosis (14), was considered not to be effective for the therapy
of MAC infections (6, 11, 12). Indeed, INH is inactive in vitro
against the majority of MAC isolates (5, 7) and in general
shows no demonstrable synergy with other drugs in its anti-
MAC activity (3, 6, 13). However, in a previous study by our
group, some activity of INH alone or in combination was ob-
served in MAC-infected human macrophages (3). The purpose
of the present investigation was to determine the in vivo activ-
ity of INH, used either alone or in combination with other
drugs, against MAC infection in beige mice (4).

Two clinical isolates of MAC with different drug suscepti-
bilities recovered from AIDS patients, namely, MAC strains
900 and 905 (3) (transparent colonies), were chosen for this
study. MICs, as determined by the twofold agar dilution tech-
nique on Middlebrook 7H10 agar (Difco Laboratories, De-
troit, Mich.), (2, 5) were, respectively: CLA, 1 and 8 mg/ml;
amikacin (AMI), 1 and 8 mg/ml; ethambutol (EMB), 4 and
4 mg/ml; and INH, 2 and 4 mg/ml. Male beige mice (Charles
River, Calco, Lecco, Italy) were infected intraperitoneally with
0.2-ml portions of bacterial suspensions containing approxi-
mately 107 CFUs. On day 1 after infection, six mice were
sacrificed and the numbers of CFUs in the spleens, lungs, and
livers were determined. Organs were aseptically removed, ho-
mogenized in Middlebrook 7H9 broth (Difco), and ultrasoni-
cated for 10 s. To enumerate CFUs, appropriate dilutions of
the homogenates were plated onto Middlebrook 7H10 agar
and colonies were counted after 2 weeks of incubation at 37°C
in a humidified 5% CO2 atmosphere. The remaining mice were
allocated to untreated (control) groups and various drug-
treated groups. The following drugs, either alone or in combi-
nations, were given subcutaneously five times weekly: CLA,
50 mg/kg of body weight (9); AMI, 100 mg/kg (9); EMB, 100
mg/kg (1); and INH, 50 mg/kg (10). Untreated mice were

injected with saline. At various times, some mice were sacri-
ficed for CFU determination; to reduce the carryover effect of
drugs in the organs, mice were sacrificed 72 h after the last
dose.

CFU counts of MAC strain 900 in the spleens, lungs, and
livers of mice receiving monotherapy with CLA, EMB, AMI,
or INH for 56 days are shown in Table 1. The organism effi-
ciently multiplied in control mice, as shown by a CFU increase
of approximately 3 log10 CFUs in spleens and livers and 2 log10
CFUs in lungs. No mortality was observed both in untreated
and treated mice (six mice/group). Compared to day 1 counts,
bactericidal effects of CLA, EMB, AMI, and INH in spleens
and livers (P , 0.01) (Student’s t test) were observed. In lungs,
while CLA, AMI, and EMB were bacteriostatic, INH failed to
limit mycobacterial proliferation. These results are in keeping
with current knowledge on relevant anti-MAC activities of
CLA, AMI, and EMB (9) alone but also showed some in vivo
activity of INH. To investigate further this novel finding, in
particular whether it could be dependent on the strain and the
length of the treatment, and also to evaluate the potential use
of INH in combined regimens, a MAC strain (strain 905) which
is more resistant to those drugs than MAC 900 was tested.

CFU counts in mice infected with MAC 905 receiving ther-
apy with CLA, AMI, EMB, INH, INH-CLA, INH-AMI, CLA-
AMI, INH-AMI-CLA, and INH-EMB-CLA for 91 days are
shown in Fig. 1 (spleens) and Fig. 2 (lungs). MAC efficiently
multiplied in control mice, with a mean increase of 4.71 and
4.93 log10 CFUs in spleens and lungs, respectively. During the
period of observation, 3 (17.6%) of the 17 untreated mice died,
while in the drug-treated groups (10 to 16 mice per group),
mortality ranged from 0 to 42.9%; mortality of mice treated
with all three drugs, INH-AMI-CLA, was 18.7%. Compared
with day 1 counts, monotherapy with EMB or INH partially
inhibited MAC growth while CLA was bacteriostatic in spleens
and lungs and AMI displayed modest but significant degrees of
bactericidal activity (P , 0.05) in spleens. While the two-drug
combination INH-CLA was bacteriostatic in both organs,
INH-AMI and CLA-AMI were bactericidal (P , 0.01) in lungs
and spleens, respectively, and regrowth was consistently ob-
served after day 42 in spleens and lungs treated with INH-AMI
and CLA-AMI, respectively. Unlike the two-drug combina-
tions, the three-drug combination INH-AMI-CLA was signif-
icantly (P , 0.01) bactericidal in both organs and caused $2
and $6.7 log10 CFU reductions in comparison with day 1 and
day 91 control CFUs, respectively. The three-drug combina-
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tion INH-EMB-CLA was less effective than INH-AMI-CLA in
both organs. No MAC 905 drug-resistant mutant was selected
in spleens after 91 days of therapy with combined regimens, as
observed by plating dilutions of homogenates onto Middle-

brook 7H10 medium containing drug concentrations corre-
sponding to eight times the MICs (results not shown).

The finding that the activity of INH alone was modest or nil
is possibly related to the MIC for the strain. Indeed, MAC
strain 101 (MIC of INH of 12.5 mg/ml) (13) was inhibited at a
lower level than MAC strain 905 in beige mice, but the results
of those researchers are hardly comparable to our own results
due to differences in dosage and duration of treatment. These
investigators demonstrated that the combination of INH with
the aminoglycoside streptomycin consistently decreased MAC
strain 101 CFUs (13). Our study shows that the combination of
INH with the aminoglycoside AMI is significantly more active
than AMI alone in lungs (P , 0.01), but we found that the
addition of CLA to INH-AMI markedly decreased CFUs in
both organs. The strong activity in vivo of the combination
INH-AMI-CLA is in good accordance with our previous re-
sults in human macrophages (3). Coupled with the fact that
this therapeutic activity is seen in mice with deficiencies of
natural immunity, the data support the notion that this com-
bination could be useful for therapy.

FIG. 1. Mean CFU counts in the spleens of untreated and drug-treated MAC
905-infected beige mice. Standard deviations are not shown for clarity. Mice (10
to 16 per group) were inoculated intraperitoneally with approximately 107 or-
ganisms, and treatments were begun 1 day later. Symbols: E, control; 1, CLA;
3, AMI; h, INH; ■, EMB; ‚, INH-CLA; Œ, INH-AMI; }, CLA-AMI; F,
INH-AMI-CLA; {, INH-EMB-CLA.

FIG. 2. Mean CFU counts in the lungs of untreated and drug-treated MAC
905-infected beige mice. Standard deviations are not shown for clarity. Mice (10
to 16 per group) were inoculated intraperitoneally with approximately 107 or-
ganisms, and treatments were begun 1 day later. Symbols: E, control; 1, CLA;
3, AMI; h, INH; ■, EMB; ‚, INH-CLA; Œ, INH-AMI; }, CLA-AMI; F,
INH-AMI-CLA; {, INH-EMB-CLA.

TABLE 1. CFU counts in different organs in MAC 900-infected
mice treated with single drugs for 56 days

Treatment group
(dose [mg/kg])

Log10 CFUs 6 SD

Spleen Liver Lung

Control
Day 1 5.48 6 0.08 5.49 6 0.13 4.27 6 0.19
Day 28 7.94 6 0.09 7.26 6 0.06 5.55 6 0.21
Day 56 8.48 6 0.09 8.51 6 0.05 6.45 6 0.14

CLA (50) 4.60 6 0.27 4.56 6 0.16 4.25 6 0.24
EMB (100) 4.90 6 0.24 4.69 6 0.20 4.41 6 0.38
AMI (100) 5.01 6 0.24 5.14 6 0.10 4.35 6 0.14
INH (50) 5.09 6 0.31 4.76 6 0.08 4.92 6 0.26
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