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There are two reasons to use combinations of antibiotics to treat leprosy. The first
is in order to prevent drug resistance. The
second is the opportunity to improve on the
killing of Mycobacterium leprae obtained by
single agents.
Although to date we have been unable to
measure the prevalence of naturally occurring antimicrobial resistance of Al. leprae
among a sensitive bacterial population to
any single agent, experience with antibiotics
and other bacteria has demonstrated this to
be in the range of 1 in 10 5 -10'. Since untreated lepromatous leprosy patients harbor
as many as 10" viable Al. leprae ( 23 ), the
need to combine antibiotics in the therapy
of lepromatous disease is self-evident. Furthermore, clinical experience with the monotherapy of tuberculosis with several agents
( 12 ) and leprosy with dapsone ( 13 ' 20 ) has resulted in unacceptably high rates of treatment failure owing to the selection of drugresistant strains.
Because multidrug therapy has now been
established as the therapy of lepromatous
leprosy, a by-product of that therapy could,
as was accomplished for tuberculosis therapy, be enhanced mycobacterial killing and,
hence, the ability to effectively reduce the
duration required for treatment. This might
especially be possible with the emergence in
the past few years of antibiotics from three
classes [tetracyclines (minocycline), macrolides (clarithromycin), and fiuoroquino' Received for publication on 26 July 1994; accepted
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lones (ofloxacin/sparfloxacin)] which, unlike only rifampin and not dapsone and clofazimine, are convincingly bactericidal for
leprae in man (8, II, 14, 21, 25-27 ,). In any
event, the need to assure that combination
antimicrobials are at least not antagonistic
in their effect on the killing of Al. leprae is
important.
Unfortunately, there is limited experimental data on the efficacy of combinations,
particularly of these newer agents, against
Al. leprae germane to this issue. However,
there are some: Shepard ( 22 ) previously
demonstrated in extensive studies in mice
that combinations of two antimicrobials,
first dapsone, clofazimine, and ethionamide, were generally additive and not antagonistic in their antimicrobial effects. Later, when rifampin was also combined with
these agents, it was found that in 16 of 22
instances a greater antimicrobial effect was
produced than that by the most effective
single agent ( 24 ), again suggesting that combinations of antimicrobials are generally additive in their activity for Al. leprae. Although there are several reports (6. 15, 16, 28, 29)
of the activity of combinations of these newer agents against Al. leprae in both normal
and nude mice, finding them generally additive in combination, these studies report
on only a few combinations. Of especial interest, in the heavily Al. leprae-infected
neontally thymectomized Lewis rat we ( 7 )
recently found that while several agents administered singly and in combination did
not eliminate viable Al. leprae, a combination of rifampin plus minocycline, as well
as the combinations of rifampin plus
ethionamide and rifampin plus ofloxacin
did.
Because there are no comprehensive
studies to date on the activity of combinations of antimicrobials against Al. leprae,
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which include active agents from the three
newer classes of bactericidal antibiotics, the
current study was initiated. Unfortunately,
studies of antimicrobial combinations can
require very large numbers of mice and,
hence, we limited the number of older antimicrobials studied to two, dapsone and
rifampin. Dapsone was selected for study
because it has been used longest and remains the major agent used to treat leprosy
worldwide. Rifampin was selected because,
of the older agents, it is the only one that is
convincingly bactericidal in patients
( 21. 26 ' 27 ). The choice of a fluoroquinolone,
sparfioxacin, was largely arbitrary, but in
some studies it has been found to be more
active against M. leprae in mice than equivalent amounts of other fluoroquinolones
4, 9, 18)

lation may represent either bactericidal or
bacteriopausal activity, delays of several
months suggesting that actual bactericidaltype activity had been observed ( 7 ). In these
present studies, if M. leprae were found not
to have multiplied at the completion of
therapy or 3 months thereafter but had multiplied 7 months subsequently, activity was
termed "partially bactericidal." Because
none of the antimicrobial agents utilized in
these studies appreciably accumulates in tissues and because the 3-month interval for
the second foot pad harvest herein is the
same period as the treatment interval, findings such as these imply that some bactericidal activity was observed. If AI. leprae
were found not to have multiplied at all
three harvest intervals, activity was designated "fully bactericidal."

METHODS
In these studies we attempted to utilize
antimicrobials in mice in doses which alone
were partially effective against M. leprae but
not so potent as to obscure any observable
additive effects in combination. For these
purposes we chose dapsone (D) 0.0001% in
the diet; rifampin (R) 20 mg/kg by gavage
once monthly (days 60, 90, and 120 after
foot pad infection); minocycline (M) 0.004%
in the diet; clarithromycin (C) 0.001% in
the diet and sparfioxacin (S) 5 mg/kg by
gavage five times weekly.
In these studies groups of female BALB/c
mice (Jackson Laboratories, Bar Harbor,
Maine, U.S.A.) were infected in both hind
feet with 5000 Al. leprae and treated from
day 60-150 thereafter either as controls (no
drugs) or with these five agents singly and
in all possible two- and three-drug combinations (10 each). At the completion of therapy and 3 and 7 months subsequently, the
number of M. leprae in two mice (four feet)
was enumerated microscopically for all
treatment groups. Definite multiplication
was considered to have occurred if the number of M. leprae/ foot pad found therein was
10'.
By these criteria, regimens were considered inactive if , Al. leprae had multiplied by
the completion of therapy and bacteriostatic
if M. leprae had not multiplied by then but
had multiplied 3 and 7 months subsequently. A delay in M. leprae multiplication which
cannot be accounted for by drug accumu-

RESULTS
In the untreated control mice the initial
5000 Al. leprae/ foot pad inoculum multiplied to a level of 2.37 x 10 5 /foot pad by
the completion of therapy and remained at
approximately that level at the two subsequent harvests (The Table). All five antimicrobials administered singly were found
active, Al. leprae/ foot pad < 10 5 at the completion of therapy (The Table). Three
months subsequently in mice treated with
two of the agents administered singly (dapsone and rifampin) but not clarithromycin,
sparfioxacin, or minocycline, Al. leprae had
multiplied (The Table). By 7 months after
the completion of therapy, M. leprae had
convincingly multiplied in mice treated with
each agent singly (The Table). Thus, we conclude that at the doses utilized in this study
dapsone and rifampin were purely bacteriostatic, while minocycline, clarithromycin,
and sparfioxacin were "partially bactericidal."
None of the 10 two-drug combinations
resulted in M. leprae multiplication at the
completion of therapy (The Table). At 3
months and 7 months subsequently, M. leprae had multiplied in four of the two-drug
regimens (C + M, C + D, R + M and M
+ D; The Table), these regimens being found
purely bacteriostatic. Four two-drug regimens (S + R, S + M, S + D and R + D)
resulted in no observed Al. leprae multiplication at either post-treatment harvest interval (The Table), being found "fully bac-
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tericidal." Lastly, in 2 two drug regimens^THE TABLE. Elfrct of antibiotics singly
(C + S and C + R) while Al. leprae had not and in combination on the growth of M.
multiplied in mice 3 months after comple- leprae in mouse foot pads.
tion of therapy it had by 7 months (The
.1f. frprac/foot pad
Table), these being found to be "partially
Treatment.'
8 mo.
12 mo.
5 mo.
bactericidal."
In none of the 10 three-drug regimens had
+
+
+"
Control
Al. leprae multiplied either by the comple—
+
C
tion of therapy or 3 months thereafter (The
+
–
s
+
+
—
R
Table). In only one of these regimens (C +
M
+
–
M + D) had Al. leprae multiplied even 7
+
+
—
D
months after the completion of therapy (The
+
–
C
+
S
Table). Thus, only this three-drug combi_
+
R
C
+
nation was found "partially bactericidal,"
_
+
+
—
c+m
while all of the nine other three-drug corn+
+
C+ D
binations were determined to be "fully bacs+R
–
—
—
S+M
tericidal."
-

—

S + I)

–

+
+
—
R+M
DISCUSSION
R + I)
–
Fortunately, in these studies we found that
+
+
—
M+D
all five antimicrobial agents administered
—
C+s+R
–
singly were active but none "fully bacteri–
–
C+s+M
—
—
C+S+D
cidal," allowing the opportunity to observe
–
–
S+R+M
additive behavior when combinations were
–
—
s+R+D
administered. Previously, we had deterR+M+D
mined the appropriate dose of each of these
–
C+ R+M
C+R+D
agcnts, except sparIloxacin, for the M. lep
—
S+M+D
rae isolate utilized in this study. Also, we
+
C+M+D
(9) had found that sparfloxacin in doses of
15-300 mg/kg by gavage five times weekly ^•. Treatment days 60-150 after foot pad infection with
was fully bactericidal for this isolate; others 5000 M. leprae: D = dapsone 0.0001% in the diet; R
= rifampin 20 mg/kg by gavage once monthly; NI =
(10) had found in nude mice that 10 mg/kg minocycline
0.004% in the diet; C = clarithromycin
was bactericidal, while 2 mg/kg was purely 0.001% in the diet; S = sparfloxacin 5 mg/kg by gavage
bacteriostatic. The finding herein that 5 mg/ five times weekly.
kg was partially bactericidal confirms spar-^" + = -^ 10' Af. leprae/foot pad.
—=^10'
<
M. lepradfoot pad.
Iloxacin's minimal bactericidal daily dose ^
to be in the range of 5 mg/kg. This is in
contrast to ofloxacin, where the comparable clears viable bacilli from the dermis in a few
bactericidal daily dose in mice has been days (26, 27x) the fact that in the first two
found to be several-fold greater ( 4 . 9 . ' 8 ).^clinical trial patients given rifampin Rees
Although rifampin was found in these (21) found that viable M. leprae in one of
studies to be purely bacteriostatic, rifampin these patients was present 17 days after the
at the dose administered is generally pro- initiation of treatment, confirms that in fact
foundly bactericidal for AI. leprae in mice such relatively rifampin-resistant strains
(2, 5, 16, 21, 29)
and in daily doses in leprosy clearly also exist in patients.
patients (21, 26.27 ) . T he particular isolate uti-^The finding that, unlike any of the agents
lined for these studies was chosen specifi- administered singly, 4 of the 10 two-drug
cally for its relative insensitivity to the bac- regimens and 9 of the 10 three-drug regitericidal action of rifampin. We ( 5 ) previ- mens were "fully bactericidal" demonously reviewed results that, unlike for dap- strates once again that the activity of comsone where the minimal inhibitory binations of antimicrobial agents against M.
concentration and the minimal bactericidal leprae are generally additive.
concentration are uniformly low, there is a ^At both the 8- and 12-month sampling
considerable range for rifampin. In leprosy intervals there were 2 of the 5 single agents
patients, although daily rifampin generally (dapsone and rifampin) and 4 of the 10 two–
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drug regimens (C + M, C + D, R + M, M
+ D) and none of the 10 three-drug regimens wherein multiplication had occurred,
resulting in what we consider purely bacteriostatic activity. It is noteworthy that for
all four of the two-drug regimens found to
be purely bacteriostatic, "partially bactericidal" activity was obtained for one of the
two administered agents when utilized singly, implying that, at the very low antimicrobial level selected in this study, there were
a few instances of possible antimicrobial antagonism. It is further noteworthy that for
the only three-drug combination (C + M +
D) which was found "partially bactericidal"
but not "fully bactericidal," all three of its
component two-drug combinations were less
active than one of the drugs administered
singly, possibly antagonistic, and only bacteriostatic.
Because of the consistently profound bactericidal activity of rifampin for Al. leprae
both in mice (2.5. 16• `1.29 and, more importantly, in affected patients (21,26,27 ) , it is particularly important for any future clinical
application that candidate combination antimicrobials be found to not antagonize its
action. Of potential relevance to this issue
is the finding that rifampin plus another
macrolide antibiotic, erythromycin, were
demonstrated previously in vitro to be,
among several other antimicrobial combinations, the most bactericidal against
Staphylococcus aureus ( 19 ), and that rifampin plus tetracycline increased the survival
rate of mice injected intraperitoneally with
gram-negative organisms (Salmonella ty-

cycline. This is in contrast to our previous
studies wherein it was found, both in mice
6 and in neonatally thymectomized Lewis
rats ( 7 ), that the combination of rifampin
and minocycline, when administered at
higher levels which approximate those actually obtained in patients, were found additive, suggesting that there may be differences in this combined antimicrobial effect
when rifampin is combined with minocycline at high and low levels. In fact, for several other bacterial species rifampin in combination with another antimicrobial agent,
trimethoprim, was found synergistic at high
levels, while not so or even antagonistic at
low levels ( 3 . ' 7 ). Thus, we have reason to
believe that the possible antagonism demonstrated between rifampin and minocycline herein is a function of the very low
doses of antimicrobials which were utilized
in this study and would not be relevant to
the levels actually achieved in treated leprosy patients.
In conclusion, we generally found evidence for additive activity of combinations
of antimicrobials for Al. leprae and little
evidence for possible antagonism. Because
combinations of the newer antimicrobials,
minocycline, clarithromycin, and fluoroquinolones, are being considered in combination with rifampin for the treatment of
leprosy, these results are encouraging that
such combinations will not only prevent the
emergence of resistant M. leprae but will
also enhance bacterial killing and even potentially shorten the required duration of
therapy for lepromatous leprosy patients.

phimuriu►, Escherichia coli, Proteus vulgaris, and Shigella dysenteriae) compared
to the survival rate when either drug was
used alone ( 1 ).
Ideally, in studies to identify and distinguish additive, synergistic, and antagonistic
effects of antibiotics in combination, the
doses chosen would ideally achieve an overall EDS°. Unfortunately, the mouse foot pad
system does not allow for precise estimation
of an ED50, and such dosing therein would
certainly obscure the ability to observe an
additional activity of combinations by the
mouse foot pad methods utilized in these
present studies. In these present studies, the
only antimicrobial studied in combination
with rifampin in which there was any possible evidence for antagonism was mino-

SUMMARY
In these studies we evaluated the activity
of low levels of five antimicrobials against
Mycobacterium leprae-infected mice when
administered singly and in all possible twoand three-drug combinations. Antibiotics
studied were: dapsone (D) 0.0001% in the
diet, rifampin (R) 20 mg/kg by gavage once
monthly, minocycline (M) 0.004% in the
diet, clarithromycin (C) 0.001% in the diet,
and sparfioxacin (S) 5 mg/kg by gavage five
times weekly. Singly each agent was found
bacteriostatic (D + R) or partially bactericidal (M, C, and S) but not fully bactericidal.
All 10 two-drug regimens were found at least
bacteriostatic, 2 being "partially bactericidal" and 4 being "fully bactericidal." Of the
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10 three-drug regimens, 9 were found "fully
bactericidal" and the other "partially bactericidal." We conclude that combinations
of antibiotics active against M. leprae are
generally additive in combination.
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