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Rifapentine is a long-acting rifamycin which may be useful for intermittent drug therapy against tubercu-
losis. In this study we measured the efficacies of rifapentine-containing intermittent drug regimens for
preventive therapy using the Cornell mouse model of latent tuberculosis. We infected groups of mice intrave-
nously with Mycobacterium tuberculosis and then treated them with isoniazid and pyrazinamide for 12 weeks
according to the Cornell latency development protocol. After a 4-week interval of no treatment, experimental
preventive therapy was administered by esophageal gavage for 12 or 18 weeks. After equilibration and
dexamethasone amplification treatment, mouse organs were analyzed by quantitative colony counts to measure
the effectiveness of therapy. Our results showed that once-weekly isoniazid plus rifapentine combination
therapy for 18 weeks was an effective preventive regimen with sterilizing potency and bacillary load reduction
comparable to those of daily isoniazid therapy for 18 weeks. Monotherapy with rifapentine weekly or fortnightly
or with rifampin twice weekly for up to 18 weeks did not offer advantages in reducing bacillary load or in
sterilizing organs compared to the effects of a placebo. These results with the Cornell mouse model indicate
that once-weekly, short-course preventive therapy with isoniazid plus rifapentine is effective and may warrant
investigation in humans with latent tuberculosis infection.

Worldwide, tuberculosis remains a leading cause of death
from any single infectious agent. There are approximately 8
million active cases of tuberculosis per year, with 3 million
deaths annually, while about 1.7 billion people (one-third of
the world’s population) are estimated to harbor latent Myco-
bacterium tuberculosis infection (18). Individuals with latent
tuberculosis carry a 2 to 23% lifetime risk of developing reac-
tivation disease later in life (25). In addition, immunosuppres-
sive conditions including human immunodeficiency virus
(HIV) infection dramatically increase the risk of reactivation
of latent tuberculosis (1, 24, 26). Isoniazid (INH) treatment for
6 or 12 months has been recommended for many patients with
latent tuberculosis on the basis of a series of randomized,
placebo-controlled clinical trials which showed that it reduces
the risk of active tuberculosis by 65% or more in immunocom-
petent individuals (11). Because adherence is poor and may
limit the effectiveness of such prolonged treatment courses,
shorter-course regimens have been studied as a means of im-
proving efficacy. Four recent trials with HIV-infected, tuber-
culin-positive patients have shown the efficacy of short-course
rifampin-based regimens for the prevention of tuberculosis.
Whalen et al. (32) demonstrated that a 3-month course of INH
plus rifampin (RIF) daily was as efficacious as a 6-month reg-
imen of INH daily. Gordin and associates (12) achieved better
adherence rates with only 2 months of preventive therapy with
RIF plus pyrazinamide (PZA) daily and showed that this reg-
imen was as effective in preventing active tuberculosis as treat-
ment with INH daily for 12 months (12). Two additional stud-
ies with HIV-infected adults showed that treatment with RIF
with PZA twice weekly for 2 to 3 months was as effective in the
prevention of tuberculosis as treatment with INH twice weekly

for 6 months (14, 23). Although significantly shorter in dura-
tion, the overall effectiveness of these RIF-containing regi-
mens may still be limited by the innate difficulty of adherence
to self-supervised therapy.

Rifapentine (RPT) is a long-acting rifamycin which is highly
active against M. tuberculosis and which may be useful for
intermittent, supervised dosing for preventive therapy (2–4, 10,
15). While the bioactivity of RIF is significantly reduced in
animal models when it is taken three times weekly rather than
six times weekly, significant bactericidal activity is still observed
in mice treated with 10 mg of RPT per kg of body weight up to
once fortnightly (7, 13, 17). Indeed, in M. tuberculosis-infected
mice, RPT administered at a dose of 10 mg/kg once weekly was
as effective as 10 mg of RIF per kg given daily (7, 17). Thus,
RPT may be effective as an agent administered once weekly or
even fortnightly in humans, and treatment with RPT may re-
duce the supervision costs of directly observed preventive ther-
apy programs.

Previous studies of RPT-containing regimens for preventive
chemotherapy against reactivation tuberculosis were con-
ducted with a mouse model of chronic tuberculosis (5, 17).
However, in this model mice do not enter a state in which
bacilli appear to be absent. In contrast, the Cornell mouse
model, originally described by investigators from Cornell Uni-
versity Medical School, generates an apparent sterile state in
mouse tissues and may represent a closer approximation of
latent tuberculosis in humans (6, 8, 20). Indeed, the two mod-
els often provide quite different assessments of the efficacies of
preventive regimens (8, 17, 19). The purpose of this study was
to measure the efficacies of RPT-containing intermittent drug
regimens for preventive therapy against latent M. tuberculosis
infection with the Cornell mouse model.

MATERIALS AND METHODS

Antibiotics. RPT was provided by Hoechst-Marion-Roussel, Inc. (Kansas City,
Mo.). INH, RIF, carbenicillin, polymyxin B, and trimethoprim were purchased
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from the Sigma Chemical Co., (St. Louis, Mo.), and amphotericin B was ob-
tained from GIBCO Laboratories, (New York, N.Y.). PZA was provided by
Wyeth-Ayerst-Lederle.

Bacterial cultivation. The virulent CDC1551 (also known as CSU93 or Osh-
kosh) strain of M. tuberculosis (30) was grown at 37°C on Löwenstein-Jensen
medium or in roller bottles in 7H9–albumin-dextrose complex (7H9-ADC) broth
(Difco Laboratories, Detroit, Mich.) supplemented with 0.2% glycerol and
0.05% Tween 80. For animal inoculation, liquid cultures were declumped by
brief bath sonication and settling and were diluted in complete 7H9 medium.
Colony counts from mouse organs were performed by using Middlebrook 7H10-
ADC agar plates, made selective by adding carbenicillin, polymyxin B, tri-
methoprim, and amphotericin B to final concentrations of 100 mg/ml, 200 U/ml,
20 mg/ml, and 10 mg/ml, respectively.

Cornell mouse model and preventive therapies tested. We used the un-
abridged Cornell mouse model as originally described to induce the apparent
“sterile state” of tuberculosis (6, 8, 20). Outbred, female Swiss-Webster mice
(age, 5 weeks; weight, 18 to 20 g) were purchased from Harlan Sprague-Dawley
Inc. (Indianapolis, Ind.), housed in a pathogen-free, biosafety level 3 environ-
ment within microisolator cages, and allowed to acclimate to their new environ-
ment for 2 to 7 days prior to infection. Food and water were provided ad libitum.
Infections were produced by intravenous inoculation into a tail vein of 0.1 ml of
a cell suspension containing a declumped, diluted M. tuberculosis preparation
whose titer was known (3.95 3 106 CFU per mouse). On the same day mice
began receiving dietary treatment with INH (0.0125% [wt/wt] in chow) and PZA
(0.5% [wt/wt] in chow) for a 12-week latency induction period (Fig. 1). By
estimating a consumption of 4 g of chow/mouse/day, these concentrations re-
sulted in daily doses of 25 mg of INH per kg and 1,000 mg of PZA per kg.
Following the antibiotic-mediated latency induction, mice were kept untreated
for 4 weeks to permit elimination of the INH and PZA and entry into a stable
state of dormant infection. During the 4-week interval immediately following
INH-PZA withdrawal, organs from mice have been shown to be culture negative
by a number of methodologies including inoculation of tissue homogenates into
guinea pigs (6, 8, 20).

After the 12-week latency induction and a 4-week period of equilibration in
the Cornell model sterile state, groups of eight mice were treated for 12 weeks
with INH (25 mg/kg) daily, RIF (10 mg/kg) twice weekly, or RPT (10 mg/kg)
twice weekly. Additional groups received 18 weeks of treatment with INH (25
mg/kg) daily, RIF (10 mg/kg) twice weekly, RPT (10 mg/kg) once weekly, RPT
(10 mg/kg) once fortnightly, and INH (25 mg/kg) plus RPT (10 mg/kg) once
weekly. Control groups received phosphate-buffered saline twice weekly. Drugs
were administered by esophageal gavage; “daily” regimens were given 6 days per
week. Following 12 or 18 weeks of preventive therapy, the mice were housed with
no drug treatment for a 7-week interval to permit reactivation of the remaining
mycobacteria. Finally, a 3-week course of intraperitoneal dexamethasone treat-
ment (0.5 mg/mouse, six times a week) was given to amplify mycobacteria which
may have reactivated. At the end of the experiment, following a 4-week interval,
mice were killed and quantitative colony counts were performed.

Organ CFU counts. Counting of the numbers of CFU of viable bacilli in the
lungs and spleens was performed as described previously (21). Briefly, the lungs
and spleens were removed aseptically and were homogenized in 1.0 ml of com-
plete 7H9 broth in a Ten Broeck glass grinder. At least four serial 10-fold
dilutions of the homogenates were plated onto selective 7H10 agar plates, and
each dilution was plated in duplicate. Colony counts were recorded after incu-
bation at 37°C in a CO2 incubator for 5 weeks. A culture was considered negative
if no colonies appeared on plates inoculated with undiluted homogenates.

Statistical analysis. Results were analyzed by the t test for samples of unequal
variance or by the chi-square test. A P value of less than 5% denoted statistical
significance. No adjustments were made for multiple comparisons.

RESULTS

Sterilizing potencies of preventive therapy regimens in the
Cornell model of latent M. tuberculosis infection. Sterilizing
potency is a simple and reliable endpoint by which to evaluate
the efficacy of a preventive therapy regimen. In mice receiving
daily INH therapy for 12 weeks, negative cultures were ob-
served in three of eight lung specimens and one of eight spleen
specimens (Table 1). In contrast, neither RIF nor RPT mono-
therapy twice weekly for 12 weeks yielded negative cultures for
either the spleens or the lungs. These differences in sterilizing
potency at 12 weeks failed to reach statistical significance by
the chi-square test.

In contrast, both the lungs and spleens of five of eight
(62.5%) mice treated with the combination of INH plus RPT
for 18 weeks showed sterilization. Additionally, we found that
an 18-week course of daily INH preventive therapy was steril-
izing for the lungs and spleens of four of eight (50%) and six of
eight (75%) mice, respectively. There were statistically signif-
icant differences in the proportion of negative cultures of lung
specimens between mice in the placebo arm and mice in the
arms receiving daily INH therapy (P , 0.005) or weekly INH
plus RPT therapy (P , 0.02). Sterilization was observed in
both the lungs and spleens of two of seven (28.6%) mice

FIG. 1. Schematic diagram of the experimental design for preventive therapy of tuberculosis in the Cornell mouse model.

TABLE 1. Proportion of negative cultures in organ homogenates
from mice treated with 12- or 18-week courses of preventive therapy

Preventive therapy regimen

No. of negative cultures/no. of
positive cultures (% of organs

sterilized)

Spleen Lung

12-wk course
Placebo twice weekly 1/7 (12.5) 0/8 (0)
INH (25 mg/kg) daily 3/5 (37.5) 1/7 (12.5)
RIF (10 mg/kg) twice weekly 0/7 (0) 0/7 (0)
RPT (10 mg/kg) twice weekly 0/8 (0) 0/8 (0)

18-wk course
Placebo, twice weekly 1/6 (14.3) 0/7 (0)
INH (25 mg/kg) daily 4/4 (50.0) 6/2 (75.0)a

RIF (10 mg/kg) twice weekly 0/6 (0) 0/6 (0)
RPT (10 mg/kg) once weekly 0/6 (0) 1/6 (14.3)
RPT (10 mg/kg) once fortnightly 2/5 (28.6) 2/5 (28.6)
INH 1 RPT once weekly 5/3 (62.5) 5/3 (62.5)b

a Significantly lower than the placebo group (P , 0.005).
b Significantly lower than the placebo group (P , 0.02).
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treated with RPT monotherapy fortnightly for 18 weeks. How-
ever, cultures of the lungs and spleens of zero of seven and one
of seven mice receiving weekly RPT preventive therapy were
negative, respectively. Hence, weekly INH plus RPT combina-
tion therapy appeared to be better than therapy with RPT
alone administered weekly or fortnightly in achieving organ
sterilization, although these differences were not statistically
significant. Compared to the weekly INH-RPT regimen and
daily INH regimen, the twice-weekly RIF regimen appeared to
be less effective because we did not observe sterilization in any
organ homogenates from mice treated with RIF alone.

Quantitative bacterial infectious burden per organ follow-
ing preventive therapy for Cornell model of latent M. tubercu-
losis infection. As an alternative endpoint for preventive ther-
apy efficacy after 12 or 18 weeks, we also quantitated the
bacterial CFU burdens per organ. As shown in Table 2, in this
experiment placebo treatment resulted in 3.86 6 1.84 and
3.24 6 2.20 log10 CFU counts in the spleens at 12 and 18
weeks, respectively, and 5.56 6 1.36 and 5.77 6 0.11 log10 CFU
counts in the lungs at 12 and 18 weeks, respectively. The organ
CFU counts confirmed that the combination of INH and RPT
administered weekly for 18 weeks was effective, resulting in
1.46 6 2.04 log10 CFU counts in the spleen and 1.78 6 2.49
log10 CFU counts in the lung. The log10 CFU counts in the
lungs of mice treated with INH plus RPT were significantly
lower than those in the lungs of the mice in the placebo group
(P , 0.05). We found no significant difference in the organ
CFU counts between the weekly RPT plus INH group and the
daily INH monotherapy group. However, when compared with
RPT monotherapy, combination therapy with RPT plus INH
was significantly more potent in reducing the organ bacterial
burden over 18 weeks (P , 0.05). Monotherapy with INH (25
mg/kg) daily for 18 weeks also resulted in significant reductions
of organ bacillary loads, with 1.93 6 2.11 and 0.71 6 1.34 log10
CFU counts in spleens and lungs, respectively. A statistically
significant difference was observed in the CFU counts between
the INH arm and the placebo arm (P , 0.001). The CFU
counts in the spleens and lungs of mice receiving a 12-week
course of INH daily showed approximately 1.5- and 2.0-log-
unit reductions, respectively, compared with those in the
spleens and lungs of mice in the placebo arm; however, these
differences did not achieve statistical significance by the t test.
Using bacillary count reduction as the endpoint, we found that

in comparison with the 12-week INH regimen, INH treatment
for 18 weeks showed a distinct superiority, with a reduction in
lung CFU counts of greater than 2.5 log units (0.71 6 1.34
versus 3.56 6 2.10; P , 0.01).

In contrast, twice-weekly RIF monotherapy showed no or-
gan bacterial load reduction in comparison with the load in the
organs of mice in the placebo arm even if the treatment period
was extended to 18 weeks. In addition, the log10 CFU counts in
the spleens and lungs of the mice treated with an 18-week
course of once-weekly RPT therapy were as high as those in
the spleens and lungs of the placebo-treated mice, with values
of 3.63 6 1.18 and 4.67 6 2.35 log10 CFU, respectively. Fort-
nightly treatment with RPT over 18 weeks was modestly effec-
tive, resulting in 2.13 6 2.15 log10 CFU counts in the spleen
and 2.86 6 3.14 log10 CFU counts in the lung, although this
reduction was not statistically significant compared with the
counts in the spleens and lungs of mice receiving placebo or
weekly RPT therapy.

DISCUSSION

The Cornell model of murine tuberculosis has been shown
to be useful for demonstrating and studying dormancy (20).
Our protocol, although somewhat elaborate, is a direct exten-
sion of more than a decade of work of W. McDermott and
colleagues in developing this latency model. Unlike the chronic
tuberculosis model in which the numbers of viable tubercle
bacilli and bacterial metabolic activity remain appreciable
throughout, the Cornell mouse model produces a state of in-
fection in which bacteria appear to be metabolically quiescent
(6, 8). Indeed, the two models often provide different assess-
ments of the efficacy of the same drug regimen. For example,
a 6-week course of RIF monotherapy was effective in the
chronic tuberculosis model (19), while RIF alone for 6 weeks
was not active in the Cornell mouse model (8). Moreover, RIF
plus PZA was superior to RIF alone in the chronic tuberculosis
model (17), whereas RIF plus PZA and RIF alone had similar
efficacies in the Cornell mouse model (8). These discrepancies
may result from the differences in the growth rates of tubercle
bacilli in the mouse model used. RPT has been tested previ-
ously in the chronic tuberculosis model (5, 17). Our study is the
first assessment of the drug with the Cornell mouse model.

RIF has been reported to be effective in preventive therapy
regimens in humans when it is used for 3 to 6 months alone or
for 2 months in combination with PZA (14, 16). A somewhat
unexpected result from this study with mice was the lack of
efficacy of twice-weekly RIF therapy for 12 or 18 weeks as
preventive therapy for latent M. tuberculosis infection. In this
regard it would have been useful to have included daily RIF
and twice-weekly INH plus RIF therapeutic arms for compar-
ative purposes. Previous studies have shown that preventive
therapy with RIF daily for 6 weeks is efficacious and has po-
tency similar to those of RIF plus INH and RIF plus PZA
when efficacy is evaluated in the Cornell mouse model (8) and
that intermittently administered RIF is less active than RIF
given daily in the chronic tuberculosis infection model (17). On
the basis of these previous results, the poor potency of twice-
weekly RIF therapy in our study is more likely due to inter-
mittent administration of the drug rather than to the poor
sterilizing activity of RIF in the Cornell mouse model. As the
CDC1551 strain used in this study has been reported to be
sensitive to RIF in vitro (this has also been confirmed in our
laboratory), RIF resistance is unlikely to account for the poor
efficacy of the intermittent RIF regimen (30).

The chronic murine tuberculosis model has demonstrated
that the bactericidal activity of RPT given at 10 mg/kg twice

TABLE 2. CFU counts in organ homogenates from mice treated
with 12- or 18-week courses of preventive therapy

Preventive therapy regimen
Log10 CFU count

Spleen Lung

12-wk course
Placebo twice weekly 3.86 6 1.84 5.56 6 1.36
INH (25 mg/kg) daily 2.37 6 2.01 3.56 6 2.10
RIF (10 mg/kg) twice weekly 4.26 6 0.62 5.18 6 0.69
RPT (10 mg/kg) twice weekly 3.49 6 0.96 4.91 6 0.73

18-wk course
Placebo, twice weekly 3.24 6 2.20 5.77 6 0.11
INH (25 mg/kg) daily 1.93 6 2.11 0.71 6 1.34a

RIF (10 mg/kg) twice weekly 4.11 6 0.40 5.39 6 0.49
RPT (10 mg/kg) once weekly 3.63 6 1.18 4.67 6 2.35
RPT (10 mg/kg) once fortnightly 2.13 6 2.15 2.86 6 3.14
INH 1 RPT once weekly 1.46 6 2.04b 1.78 6 2.49a,b

a Significantly lower than the placebo group (P , 0.005).
b Significantly lower than the group of mice treated with RPT once weekly

(P , 0.05).
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weekly for 12 weeks was comparable to that of RIF given at 10
mg/kg six times weekly for 12 weeks (17). The efficacy of
intermittent RPT stems from its favorable pharmacokinetics,
with an elimination half-life five times longer than that of RIF
(13), and prolonged in vitro activity of up to 4 weeks after a
single exposure (22). Despite the previous favorable results
with the chronic infection model, intermittent RPT mono-
therapy produced only a modest preventive therapy benefit in
this study with the Cornell mouse model. Our Cornell mouse
model data did not show that RPT tended to provide a better
reduction of bacillary load than twice-weekly RIF therapy in
both the 12- and 18-week treatment courses.

In these Cornell mouse model experiments, we used strain
CDC1551, which is a recent clinical isolate of proven virulence
in humans (30). As some recent studies with the Cornell mouse
model with laboratory isolates have had to use a foreshortened
latency induction period of less than 12 weeks to achieve bac-
terial reactivation (8), we reasoned that a highly virulent strain
might be more likely to survive the full 12-week latency induc-
tion originally described (20). At the end of the experiment we
used dexamethasone to induce an immunodeficient state, sim-
ilar to that seen in nude mice, during which mycobacteria not
eliminated by preventive therapy may amplify. In nude mice
the response of M. tuberculosis infection to intermittent RPT
regimens was less favorable than that in normal mice because
virtually all nude mice had relapses within 12 weeks after the
cessation of chemotherapy (5). Moreover, RPT monotherapy
was also associated with the selection of RIF-resistant mutants
in the mouse chronic tuberculosis model (13). These data may
merit consideration in determining whether intermittent RPT
monotherapy is appropriate for a fixed-duration preventive
therapy regimen for immunosuppressed patients including
those with HIV infection. Our data seem to suggest that fort-
nightly treatment with RPT over 18 weeks was more effective
in reducing bacillary counts than once-weekly treatment with
RPT for the same duration. This trend, which did not achieve
statistical significance, was probably due to animal variability.
The relatively small sizes of our mouse groups (six to eight
animals) may have limited our ability to detect fine differences
in efficacy among the different rifamycin monotherapy proto-
cols.

This study’s major observation was that intermittent therapy
with RPT plus INH given once weekly for 18 weeks provided
both a high proportion of negative cultures of mouse organs
(P , 0.02) and also an excellent bacillary load reduction (P ,
0.05) compared with those for animals receiving placebo pre-
ventive therapy. The efficacy of weekly RPT plus INH therapy
for 18 weeks was comparable to that of daily INH therapy for
18 weeks. A comparison of the outcomes between RPT alone
versus RPT plus INH indicates that INH contributes signifi-
cantly to the efficacy of the combination regimen. In fact, INH
has been shown to be effective as intermittent therapy, despite
its short half-life, even when it is given only once weekly (9).
Unfortunately, a once-weekly INH monotherapy arm, which
would have permitted an assessment of the relative contribu-
tion of INH to the success of the INH plus RPT regimen, was
not included in our study. However, a previous study showed
that once-weekly therapy with INH plus RPT eradicated M.
tuberculosis from mice, while once-weekly therapy with INH
plus RIF did not. Furthermore, the once-weekly regimens with
INH were not as effective as the twice-weekly ones (29).
Hence, there are data to support the conclusion that RPT is
essential for the preventive efficacy of weekly therapy with
RPT plus INH in combination.

Improved intermittent treatment regimens for both active
tuberculosis and latent M. tuberculosis infection would have
important public health implications. Improved intermittent
treatment regimens might increase the rate of patient adher-
ence in the unsupervised setting and would diminish the costs
of supervised therapy. Our study indicates that, on the basis of
its effectiveness in mice, RPT plus INH may be a promising
candidate as a once-weekly preventive therapy regimen in hu-
mans. Human trials of weekly RPT plus INH therapy in the
continuation phase of active tuberculosis therapy reveal that
the combination is well tolerated, although its efficacy has not
been fully established (27, 28, 31). In view of the fact that many
of the adverse effects of short-course preventive therapy with
RIF plus PZA are attributable to PZA, further study of RPT
plus INH as an alternative, more tolerable preventive therapy
regimen which offers weekly intermittent dosing may be war-
ranted in humans.
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