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Besides direct bactericidal activity, long-term effectiveness is one of the most important features to consider
when developing new drugs for chemotherapy. In this study, we evaluated the ability of rifapentine (RFP), in
monotherapy and combination therapy, to completely eradicate a Mycobacterium tuberculosis infection and to
prevent relapse posttreatment in a Swiss mouse model. The combination of RFP, isoniazid (INH), and
pyrazinamide (PZA) administered daily resulted in an apparent clearance of M. fuberculosis organisms in the
lungs and spleens of infected mice after 10 weeks of treatment. However, 3 months after the cessation of
therapy, bacterial regrowth occurred in mice treated for a 12-week period, indicating a relapse of infection. In
intermittent treatment regimens of RFP in combination with INH and PZA, sterilization was achieved when
mice were treated two to five times per week for 9 weeks. Bacterial growth was still observed in the once-weekly
treatment group. Our results show that mouse models can predict important parameters for new drugs. We
stress the necessity for long-term posttreatment observation in animal models for the routine evaluation of new

drugs for antituberculosis chemotherapy.

Presently, one-third of the world’s population is infected
with Mycobacterium tuberculosis (23). Therapy for tuberculosis
is arduous due to its long duration and multidrug regimens.
The current standard regimen of isoniazid (INH), rifampin
(RIF), and pyrazinamide (PZA) requires 6 to 9 months of daily
treatment. Therapy is now further complicated by the emer-
gence of drug-resistant strains. These phenomena are respon-
sible for the increasing demand for the development of new
compounds to treat tuberculosis. One of the factors contribut-
ing to drug resistance is poor compliance by patients. Ap-
proaches to improve patient compliance include shortening the
therapy period or instituting an intermittent treatment regi-
men, e.g., once- or twice-weekly therapy. With the discovery
of the newer rifamycins KRM-1648 (KRM) and rifapentine
(RFP), the potential for shortening existing treatment regi-
mens and using intermittent drug regimens was created. These
newer rifamycins not only have greater efficacies than RIF but
also have longer half-lives (9).

Another problem with antituberculosis therapy is the tran-
sition of M. tuberculosis into a dormant or latent state. In a
primary infection, the clinical course ranges from benign self-
limited disease to progressive dissemination (20). It is thought
that during acute primary tuberculosis, when the patient re-
mains untreated, foci harboring latent M. tuberculosis organ-
isms are established in the host (19). The recrudescence of
these quiescent foci months to years later can cause active
disease. The majority of active tuberculosis cases nowadays
arise as a result of the reactivation of latent organisms which
survive in the host rather than reinfection (15). On the other
hand, the treatment of active tuberculosis with the presently
used combination drug regimens will reduce the bacillary bur-
den by a substantial amount. However, a proportion of the
tubercle bacilli originally present may shift into dormancy (7).
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M. tuberculosis can be quiescent in the host for months or years
without producing overt disease, and then it can revive and
initiate the production of lesions and active tuberculosis (19).
Antituberculosis therapy should, therefore, aim for a total ster-
ilization of the infection in the patient with highly effective
drugs.

In the last decade, several groups extensively compared the
efficacy of the newer rifamycins against M. tuberculosis in vitro
(5,17, 18) and in mouse models (1, 2, 4, 8, 10), and they studied
the pharmacokinetics of the different rifamycins (9). However,
these studies were primarily short-term and were aimed at
evaluating the performance of the drugs given as intermittent
therapy. In this study, we compared the efficacies of the newer
rifamycins in order to obtain a durable cure in our mouse
model. Durable cure is defined here as sterilization without a
relapse of M. tuberculosis infection during the observation pe-
riod (3 months) following drug treatment.

Initially, the activities of the different rifamycins, RIF, KRM,
and RFP, administered as single-drug treatments in infected
mice were compared. In addition, long-term experiments were
performed to establish the length of the treatment period re-
quired for a durable cure. In these experiments, infected mice
were treated with RIF or RFP combined with INH or INH-
PZA. Of significance, we demonstrate the importance of study-
ing the abilities of new drugs to establish a long-term cure
without a relapse of infection in an animal model.

MATERIALS AND METHODS

Drugs. RFP was provided by Marion Merrell Dow Pharmaceuticals, Cincin-
nati, Ohio. KRM was provided by Kaneka Corporation, Osaka, Japan. INH,
PZA, RIF, and pyridoxine (PYR) were purchased from Sigma Chemical Co., St.
Louis, Mo. KRM, RIF, and RFP were dissolved in dimethyl sulfoxide, with
subsequent dilution in distilled water prior to administration. The final concen-
tration of dimethyl sulfoxide in the drug preparations was 0.5%. INH, PYR, and
PZA were dissolved in water. Drugs were freshly prepared each morning prior to
administration.

Bacterial isolate. M. tuberculosis ATCC 35801 (strain Erdman) was obtained
from the American Type Culture Collection, Manassas, Va. This isolate was used
previously in our laboratory for murine model studies (13, 14). MICs were
determined in modified 7H10 broth (pH 6.6) (7H10 agar formulation with agar
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and malachite green omitted) supplemented with 10% Middlebrook oleic acid-
albumin-dextrose-catalase (OADC) enrichment (Difco Laboratories, Detroit,
Mich.) and 0.05% Tween 80 (3). The MICs of RFP, KRM, RIF, and INH for
ATCC 35801 are 0.015, 0.00047, 0.06, and 0.03 pg/ml, respectively.

Medium. The organism was grown in modified 7H10 broth with 10% OADC
enrichment and 0.05% Tween 80 on a rotary shaker at 37°C for 5 to 10 days. The
culture suspension was diluted in modified 7H10 broth to yield 100 Klett units
per ml (Klett-Summerson colorimeter; Klett Manufacturing, Brooklyn, N.Y.), or
approximately 5 X 107 CFU/ml. The inoculum size was verified by plating serial
dilutions of the bacterial suspension in triplicate on 7H10 agar plates (BBL
Microbiology Systems, Cockeysville, Md.) supplemented with 10% OADC en-
richment. Plates were incubated at 37°C in ambient air for 4 weeks prior to the
counting of viable M. tuberculosis colonies (CFU).

Infection study. Five- to seven-week-old outbred female Swiss mice (Charles
River, Wilmington, Mass.) were infected intravenously through a caudal vein.
Each mouse received approximately 107 viable organisms suspended in 0.2 ml of
modified 7H10 broth. Every group consisted of eight mice at each time point
unless stated otherwise.

Treatment was started 1 week postinfection. A control group of infected mice
was sacrificed at the start of treatment (early control group). A second group of
infected but untreated mice was sacrificed 4 weeks after therapy was initiated
(late control group). Treatment was given 5 days per week unless stated other-
wise. Drugs were administered orally by gavage. Mice receiving a combination
treatment were given each drug separately, with the doses administered approx-
imately 4 h apart. In the experiments with INH-PZA, the combination was
administered each morning and RIF or RFP was given each afternoon.

Mice were sacrificed by CO, inhalation. The spleens and right lungs were
aseptically removed and ground in a tissue homogenizer. The number of viable
organisms was determined as stated above. For long-term treatment experi-
ments, the entire volume of each organ homogenate was plated to determine the
number of culturable mycobacteria per organ.

Statistical analysis. The viable cell counts were converted to logarithms, which
were then evaluated by a one- or two-variable analysis of variance. Statistically
significant effects from the analyses of variance were further evaluated by
Tukey’s honestly significant difference test (11) to make pairwise comparisons
among the means.

RESULTS

Comparison of the activities of RIF, KRM, and RFP given
as single-drug treatments. RIF (20 mg/kg of body weight),
KRM (5, 10, or 20 mg/kg), or RFP (5, 10, or 20 mg/kg) was
administered 5 days per week to female mice which had been
infected with 5 X 107 viable mycobacteria. Treatment with
each agent for 4 weeks reduced the cell counts in the spleens
and lungs significantly compared with those at the initiation of
therapy (P < 0.01 for all comparisons) (Fig. 1).

Treatment with 10 or 20 mg of RFP or KRM per kg de-
creased the cell counts significantly more (P < 0.01) than did
the 20-mg/kg RIF treatment. The differences in the cell counts
between the groups receiving RFP and the ones receiving
KRM were significant for the spleens (P < 0.01), but not for
the lungs (P > 0.05).

Combination therapy with RIF and INH. Mice infected with
2 X 107 M. tuberculosis organisms were treated daily with INH
(25 mg/kg) and RIF (20 mg/kg) for a maximum of 24 weeks,
after which the therapy was discontinued, and the mice were
observed during the following 12 weeks for a relapse of infec-
tion.

Treatment for 4 weeks with INH or RIF alone or with the
INH-RIF combination reduced the cell counts in the spleens
and lungs significantly compared with those at the initiation of
therapy in the control mice (P < 0.01 for all comparisons), but
no significant benefit was observed for INH-RIF versus the
drugs given as single agents at that time point (P > 0.05)
(Table 1).

Twelve weeks of treatment with INH-RIF was not sufficient
to obtain a total clearance of bacteria in the spleens; the
spleens of four mice out of six still showed small numbers of
bacteria (one to nine colonies). A noncultivable state was
achieved after 24 weeks of treatment. After an observation
period of 3 months, regrowth was noted in all treatment
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FIG. 1. Number of viable M. tuberculosis organisms in spleens and lungs of
infected mice after once-daily treatment for 5 days per week for 4 weeks with
different doses of RIF, RPT (rifapentine), or KRM given as monotherapy.
Infected untreated mice from control groups were sacrificed 1 week (early
controls [EC]) and 4 weeks (late controls [LC]) after infection. Results are means
(open bars) * standard deviations (solid bars).

groups. Of note, however, the spleen of only one mouse out of
six grew 10 colonies after the 24-week treatment regimen.

Twelve weeks of treatment with INH-RIF yielded a total
clearance of bacteria in the lungs. After an observation period
of 3 months, no regrowth was noted in the group treated for 24
weeks with INH-RIF.

Combination therapy with RIF, INH, and PZA. Mice in-
fected with 1.4 X 107 viable organisms were treated daily with
INH (25 mg/kg) and RIF (20 mg/kg) for 12 weeks, with or
without PZA (150 mg/kg) for the first 8 weeks. INH-PZA was
administered each morning, and RIF was given each after-
noon. After therapy was discontinued, the mice were observed
for 12 weeks for a relapse of infection.

The 12-week treatments with both combination therapies
reduced the cell counts in the spleens and lungs significantly
compared with those at the initiation of treatment (P < 0.01
for all comparisons) and those at 4 weeks in untreated control
mice (P < 0.01 for all comparisons) (Table 2). A total clear-
ance of M. tuberculosis from the spleens or lungs was not
achieved in either treatment group.

PZA did not significantly improve the bactericidal activity of
INH-RIF (P > 0.05), nor did it influence the regrowth of M.
tuberculosis after the 12-week observation phase (P > 0.05).

Combination therapy with RFP, INH, and PZA. Female
mice infected with 1.4 X 107 M. tuberculosis organisms were
treated daily with INH (25 mg/kg), PZA (150 mg/kg), and RFP
(20 mg/kg) for 6, 8, 10, and 12 weeks. After therapy was
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TABLE 1. Number of viable M. tuberculosis organisms in spleens and lungs of infected, INH-RIF-treated mice”

Therapy Log CFU in spleens N% Log CFU in lungs N(t)
. os1tive os1tive

period (wk) Control INH RIF INH-RIF l(:)n =6) Control INH RIF INH-RIF ?n =6)

0 7.62 +0.21 5.96 = 0.30

4 395+038 379071 3.19+0.56 6 311030 335*043 2.88=*043 6
12 0.26 = 0.42 4 0.00 = 0.00 0
24 0.00 = 0.00 0 0.00 = 0.00 0
12 + Obs. 2.56 = 1.48 5 1.81 = 1.66 4
24 + Obs. 0.17 = 0.41 1 0.00 = 0.00 0

“ Mice were treated 5 days per week with INH (25 mg/kg) and/or RIF (20 mg/kg), after which the therapy was discontinued and the mice were observed for 12 weeks
(Obs.) for relapse of infection. Results are means = standard deviations. n, number of mice per group.

discontinued, the mice were observed for 12 weeks for a re- reactivate upon the cessation of drug treatment (6, 7, 22).
lapse of infection. Since there are no surrogate markers for the detection of

Treatment for 6 weeks with RFP-INH-PZA reduced the cell dormant bacteria at this time, we cannot distinguish whether
counts in the spleens and lungs significantly compared with the drug treatment totally cleared the infection in the test
those at the initiation of therapy (P < 0.01 for all comparisons) subject or partially reduced the bacillary burden in which a
and those at 8 weeks in untreated control mice (P < 0.01 for all proportion of the tubercle bacilli shifted into dormancy. Drug

comparisons) (Table 3). treatment should, therefore, aim at the complete eradication
After 8 weeks of treatment, no bacterial growth was detected of bacteria in order to avoid an eventual relapse of the infec-

in the spleens, while the lungs of two animals out of eight were tion.

totally cleared of bacteria. After 10 weeks of treatment, a With the discovery of the newer rifamycins KRM and RFP,

noncultivable state was achieved for the lungs. more efficient drug therapy became possible. Several groups
After an observation period of 3 months, regrowth was evaluated the newer rifamycins in animal models (1, 2, 4, 8§,

noted in all treatment groups. For the 10- and 12-week treat- 10), and our results confirm their observations. Our laboratory

ment groups, no bacteria were cultured from the lungs and was the first to evaluate the ability of the newer rifamycins,

spleens from five out of eight mice. KRM previously (12, 13) and RFP in this study, to be used in
Intermittent dosage of RFP. Mice infected with 6 X 10° M. combination therapy to completely eradicate M. tuberculosis

tuberculosis organisms were treated for 9 weeks either five infection and to prevent relapse posttreatment.

times per week with INH (25 mg/kg) and RFP (20 mg/kg) or We initially compared the activities of RIF, KRM, and RFP

one or two times weekly with INH (75 mg/kg), PYR (10 mg/ as single agents in a 4-week daily treatment regimen. Treat-
kg), and RFP (20 mg/kg). The administration of the drugs was ~ ment with RFP or KRM reduced the bacterial burden of the

done with or without PZA (150 mg/kg). infected mice significantly better (P < 0.01) than treatment
After 9 weeks of INH-RFP treatment once weekly, with or with the same dose of RIF. Differences in the cell counts
without PZA, the lungs and spleens of four out of eight mice between the groups receiving RFP and KRM were significant

were cleared of mycobacteria (Table 4). PZA did significantly ~ only for the spleens (P < 0.01). In our mouse model, RFP
improve the bactericidal activity of INH-RFP given once seemed to exert a significantly greater bactericidal effect in the
weekly (P < 0.05). For all the groups in which INH-RFP was spleens than did KRM when each was administered as a single
given two or five times per week for 9 weeks, a total clearance agent in a short-term experiment.

of mycobacteria was observed in both the spleen and the lungs. Based on the Cornell model, in which a 12-week multidrug
therapy was followed by an observation period of another 12
DISCUSSION weeks (16), RFP treatment was compared to RIF treatment in

combination with INH and PZA. The treatment regimen of 12
One of the reasons that antituberculosis therapy remains weeks with RIF-INH did not result in a complete eradication

problematic is the transition of M. tuberculosis, in certain sit- of M. tuberculosis organisms, while 24 weeks of treatment
uations, into a dormant state. Current antimycobacterial yielded a noncultivable state. After an observation period of 3
agents are most effective against actively dividing organisms. months, however, a relapse of infection was noted in all treat-

Dormant bacteria are defined, in the context of this publica- ment groups. The addition of PZA to RIF-INH did not signif-
tion, as viable, nonreplicating bacteria which are nonculturable icantly improve these results. The administration of RFP in
in the laboratory on standard media and have the potential to combination with INH-PZA for 10 weeks resulted in a tempo-

TABLE 2. Number of viable M. tuberculosis organisms in spleens and lungs of infected, INH-RIF-PZA-treated mice”

Log CFU in spleens Log CFU in lungs
Treatment
eriod (wk INH-RIF INH-RIF-PZA INH-RIF INH-RIF-PZA
P o Control (no. positive [n = 7]) (no. positive [n = 7]) Control (no. positive [n = 7]) (no. positive [n = 7])
0 7.86 = 0.13 7.95 = 0.39
4 6.42 = 0.82 7.59 = 1.43
12 0.34 = 0.41 (7) 0.52 = 0.30 (6) 0.50 = 0.49 (7) 0.55 = 0.44 (6)
12 + Obs. 3.57 = 0.88 (7) 325 £1.30(7) 3.79 = 0.41 (7) 2.70 = 0.86 (7)

“ Mice were treated 5 days per week with INH (25 mg/kg) and RIF (20 mg/kg), with or without PZA (150 mg/kg). After therapy was discontinued, mice were observed
for 12 weeks (Obs.) for relapse of infection. Results are means *+ standard deviations. n, number of mice per group.
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TABLE 3. Number of viable M. tuberculosis organisms in spleens and lungs of infected, INH-PZA-RFP-treated mice®

Log CFU in spleens

Log CFU in lungs

Therapy INH-RFP-PZA INH-RFP-PZA
iod (wk
period (wk) Control Therapy Therapy + Obs. Control Therapy Therapy + Obs.
(no. positive/no. tested) (no. positive/no. tested) (no. positive/no. tested) (no. positive/no. tested)

0 7.56 = 0.66 7.45 =0.24
6 0.20 = 0.26 (5/7) 3.73 = 0.59 (8/8) 0.85 = 0.82 (5/7) 3.17 £ 1.33 (8/8)
8 6.37 = 0.81 0.00 = 0.00 (0/7) 2.79 + 0.42 (8/8) 8.11 = 0.78 0.11 = 0.20 (5/7) 3.10 £ 0.47 (8/8)

10 0.00 = 0.00 (0/7) 0.90 = 1.55 (3/8) 0.00 = 0.00 (0/8) 0.83 £ 1.42 (3/8)

12 0.00 = 0.00 (0/7) 0.95 = 1.63 (3/8) 0.00 = 0.00 (0/8) 0.55 £ 1.07 (3/8)

“ Mice were treated 5 days per week with INH (25 mg/kg), PZA (150 mg/kg), and RFP (20 mg/kg). After therapy was discontinued, mice were observed for 12 weeks

(Obs.) to study the relapse of infection. Results are means = standard deviations.

rary clearance of mycobacteria in the spleens and lungs. After
an observation period of 3 months, regrowth was noted in all
treatment groups (6, 8, 10, and 12 weeks), although not all
mice receiving the 12-week regimen showed this relapse and
the mice which did had only a low number of bacteria in the
spleens and lungs. These combination therapy experiments
showed the greater ability of RFP than RIF to achieve the
sterilization of organs and eventually lead to a durable cure.
This promising activity of RFP should allow for a significant
shortening of the duration of therapy for tuberculosis.

These newly obtained RFP data were compared with previ-
ous results obtained in our laboratory from a similar experi-
ment performed with KRM-INH (12). In the previous study
the activity of KRM, either alone or in combination with INH,
was compared with the activities of INH, RIF, and RIF-INH in
the Swiss mouse model. Although this experiment was not
performed in parallel with the present study, drug efficacies
were tested in our established Swiss mouse model in both cases
and bacterial counts were compared to those in a RIF group as
an internal control. A slight benefit of RFP treatment over
KRM treatment was seen in the initial phase. In the present
study, a significant difference between the groups receiving
RFP and those receiving KRM in a 4-week regimen could be
observed in the cell counts from the spleens. However, an
advantage of KRM became apparent in a later phase of treat-
ment and became even more pronounced during the observa-
tion phase. KRM-INH treatment resulted in an apparent ster-
ilization of the organs after 6 weeks of treatment. A durable
cure of at least 6 months was achieved after a 12-week KRM-
INH treatment period. For RFP-INH-PZA treatment, as de-
scribed above, an apparent clearance of organisms was
achieved after 10 weeks of treatment; however, a 12-week
treatment regimen yielded modest regrowth 3 months after the
cessation of therapy. In conclusion, the direct bactericidal ef-
ficacies of RFP and KRM appeared to be very similar in

short-term in vivo experiments. However, KRM-INH had a
significantly higher activity than RFP-INH with regard to
achieving a durable cure. These data show the importance of
long-term experiments in establishing differences between the
efficacies of new drug candidates.

RFP, approved by the U.S. Food and Drug Administration
in 1998, is the first new antituberculosis drug approved in more
than a decade. Because of the long half-life of RFP, it is
thought that the administration of RFP daily at 5 to 10 mg/kg
for 6 weeks in humans might lead to an accumulation of this
agent (discussed in reference 9). For this reason, together with
the problem of patient compliance with a daily treatment reg-
imen, RFP was tested primarily in animal models and clinical
trials with intermittent dosing regimens. Daily treatment with
RFP at 5 mg/kg for 12 weeks is unlikely to improve the com-
pliance of patients treated with daily doses of RIF at 10 mg/kg
for the same period (discussed in reference 9). The drug was
approved on the basis of a randomized clinical trial conducted
by Hoechst Marion Roussel, Kansas City, Mo. The study was
divided into two phases based on dosing frequency. In the first
part of the trial, half the patients received RFP-INH-PZA-
ethambutol for 60 days while the other half received RIF-INH-
PZA-ethambutol for the same length of time. During this
intensive phase of treatment, all drugs were administered daily
except for RFP, which was given twice a week. During the
second phase, patients receiving RFP continued to be treated
with this compound, combined with INH, once weekly for up
to 120 days. Patients receiving RIF continued to receive this
drug in combination with INH twice weekly for up to 120 days.
Study results showed that 87% of the patients belonging to the
RFP-treated group became culture negative, while 81% of the
patients from the RIF-treated group became culture negative.
During long-term follow-up, 10% of the patients treated with
RFP relapsed, compared to only 5% in the RIF-treated group.
Even more worrisome are the results of a 60-patient human

TABLE 4. Number of viable M. tuberculosis organisms in spleens and lungs of infected mice treated with RFP intermittently”

Log CFU in spleens

Treatment Dosage regimen

Log CFU in lungs

period (wk)  (no. of times/wk) INH-RFP INH-RFP-PZA INH-RFP INH-RFP-PZA
Control (no. positive [n = 8])  (no. positive [n = 8]) Control (no. positive [n = 8])  (no. positive [n = 8])
7.35 =0.25 5.89 £ 0.15
5.37 £0.40 6.05 = 0.28

5 0.00 = 0.00 (0)
2 0.00 = 0.00 (0)
1 1.70 + 0.50 (8)

N=lNolNoiE e

0.00 = 0.00 (0)
0.00 =+ 0.00 (0)
0.89 = 0.65 (8)

0.00 = 0.00 (0)
0.00 =+ 0.00 (0)
0.27 + 0.29 (4)

0.00 = 0.00 (0)
0.00 = 0.00 (0)
0.08 = 0.21 (4)

“ Mice were treated one, two, or five times per week with INH-RFP, with or without PZA (150 mg/kg). Daily doses of INH (25 mg/kg) and RFP (20 mg/kg) were
administered, as were intermittent doses of INH (75 mg/kg), PYR (10 mg/kg), and RFP (20 mg/kg). Results are means * standard deviations. n, number of mice per

group.



2360 LENAERTS ET AL.

immunodeficiency virus (HIV)-tuberculosis study conducted
by the Centers for Disease Control and Prevention, in which
the continuation-phase treatment with once-weekly doses of
RFP and INH was compared to treatment with twice-weekly
doses of RIF and INH (21). Five of 30 HIV-infected patients
randomly selected to take RFP relapsed after the completion
of treatment, compared to three who relapsed after taking
RIF. After four of these five RFP-treated patients developed
resistance to rifamycin class drugs, compared to none of the
patients in the RIF group, the enrollment of HIV™ patients in
the study was closed (21). The higher relapse rate in the clinical
studies with RFP versus standard RIF-based therapy is ex-
pected to be compensated for by greater compliance. Never-
theless, these clinical trials again underscore the importance of
investigating the ability of drug regimens to achieve the long-
term sterilization of M. tuberculosis in the host.

Testing RFP in long-term animal models could have pre-
dicted the relapse of infection after drug treatment. In addi-
tion, the use of RFP in clinical trials with an intermittent
treatment regimen could have been improved with prior ex-
tensive testing in animal models. We evaluated RFP in our
mouse model with an intermittent dosing regimen in combi-
nation with INH or INH-PZA given once, twice, or five times
a week. We found remarkable differences in drug efficacy after
once- or twice-weekly administration of the drug. After a
9-week period of treatment, the bactericidal activity in mice
treated two or five times weekly led to complete sterilization,
whereas bacterial growth was still observed after once-weekly
treatment. We can infer from these experiments that steriliza-
tion of the bacterial burden in the mouse requires a combina-
tion treatment with RFP at least twice per week.

New drugs need to be tested extensively in animal models in
order to establish important treatment parameters prior to
clinical trials. Although the pathophysiology of tuberculosis in
mice is different than that in humans, mice remain the best and
most economical option for initial chemotherapy evaluation.
The reactivation of M. tuberculosis infection can be modeled in
a mouse and should be part of the routine evaluation of new
compounds. Of significance, the importance of long-term ob-
servation after drug treatments in in vivo models must be
stressed, based on our data.
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