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Rationale: Treatment of latent tuberculosis (TB) infection with
weekly rifapentine and isoniazid is a potentially effective alternative
to current therapies.

Objectives: To compare the efficacy of weekly rifapentine/isoniazid
to daily rifampin/pyrazinamide in preventing TB in household con-
tacts of patients with pulmonary TB in Brazil.

Methods: Contacts of patients with TB were randomized to rifapen-
tine 900 mg/isoniazid 900 mg once weekly for 12 wk or rifampin
450-600 mg/pyrazinamide 750-1,500 mg daily for 8 wk and fol-
lowed for at least 2 yr.

Measurements: TB rates, adverse events, and adherence to therapy.
Main Results: A total of 399 household contacts were enrolled, 206 in
the rifapentine/isoniazid arm and 193 in the rifampin/pyrazinamide
arm. The median age was 34 yr, median weight was 63 kg, 60%
of participants were female, and only one patient was HIV infected.
Rifapentine/isoniazid was well tolerated, but the trial was halted
by the investigators before completion because of unanticipated
hepatotoxicity in the rifampin/pyrazinamide arm. Twenty of 193
participants (10%) receiving rifampin/pyrazinamide experienced
grade 3 or 4 hepatotoxicity, compared with 2 of 206 participants
(1%) on rifapentine/isoniazid (p < 0.001). There were no hospital-
izations or deaths due to hepatotoxicity, and all participants’ liver
enzyme levels returned to normal during follow-up. During follow-
up, four cases of active TB developed, three in the rifapentine/
isoniazid group and one in the rifampin/pyrazinamide group (1.46 vs.
0.52%; difference, 0.94%; 95% confidence interval, —1.6 to 3.7%).
Conclusions: Rifapentine/isoniazid was better tolerated than rifampin/
pyrazinamide and was associated with good protection against TB.
Rifapentine/isoniazid weekly for 12 wk is likely a promising therapy
for latent TB infection.
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Treatment of latent Mycobacterium tuberculosis infection is an
important component of tuberculosis (TB) control (1, 2) In West-
ern countries, targeted testing and treatment of latently infected
individuals is recommended for those at increased risk of devel-
oping active TB, including contacts of infectious cases, individu-
als with HIV infection and other conditions that reduce host
resistance to TB, and immigrants from endemic areas, among
others (1). Chemoprophylaxis of high-risk patients using isonia-
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zid (INH) reduces the risk of developing active disease by 60
to 90%, and is the standard of care throughout the world (3).
Although INH preventive therapy is highly efficacious and inex-
pensive, its use may be limited by toxicity and poor adherence
with the long duration of treatment required for patients with no
symptoms. Consequently, the development of alternative, shorter
regimens to treat latent TB infection has become a priority (4).

Rifamycin antibiotics have greater potency against the dor-
mant and semidormant organisms that characterize latent TB
infection than INH alone, and may be effective when given for
shorter durations than required for INH (5). Several studies of
rifampin-based short-course regimens for latent TB have shown
similar or superior efficacy to longer courses of INH (6-9). Rifa-
pentine is a long-acting rifamycin with activity comparable to
rifampin but with a prolonged half-life that permits weekly dos-
ing (10). Trials of rifapentine given with INH once weekly during
the continuation phase of treatment in HIV-uninfected patients
with TB showed satisfactory efficacy, particularly in patients
with relatively low bacillary burdens (11, 12). Several studies of
rifapentine in murine models of chronic or latent TB suggested
that weekly treatment in combination with INH was effective
(13, 14).

We reasoned that a once-weekly regimen of rifapentine and
INH for 12 wk would be efficacious for the treatment of latent
TB in high-risk individuals. We therefore conducted a phase 2
trial comparing the safety and efficacy of a weekly dosing regi-
men of rifapentine and INH to daily rifampin and pyrazinamide,
aregimen shown to be equivalent to INH alone in HIV-infected
patients with latent TB infection (7-9). Rifampin and pyrazinam-
ide were selected as the control regimen because of their known
efficacy, and because we believed that recruitment of patients
would be facilitated by having two relatively similar short courses
of therapy rather than one short and one long regimen. This
study was presented in abstract form at the American Thoracic
Society International Conference in May 2005 (15).

METHODS

Households contacts of patients with newly diagnosed pulmonary TB
at public clinics in Rio de Janeiro who slept 2 nights or more per week
in the same dwelling as the index case were recruited because of their
high risk of TB (1). Contacts were tuberculin skin-tested using RT-23
purified protein derivative, read at 2 to 7 d by an experienced reader.
Subjects 18 yr or older, with an induration of 5 mm or more, no TB
symptoms, and a chest radiograph without evidence of active TB were
offered enrollment; patients with comorbid conditions were eligible to
enroll, but contacts could have no evidence of liver or renal dysfunction
or anemia, and could not ever have received TB drugs for more than
1 mo. Participants signed informed consent, and the protocol was ap-
proved by the Johns Hopkins Medicine, Federal University of Rio de
Janeiro, and Brazilian Ministry of Health institutional review boards.

The first enrolled contact of an index patients with TB was random-
ized to a treatment regimen, and subsequent contacts of that index case
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received the same treatment arm. Allocating all contacts of a given
index case to the same treatment arm was done to avoid confusion
within households, ensuring that all members of the household were
following the same treatment schedule. A computer-generated 1:1 ran-
domization schema with variable block size was used, and allocation
was concealed. Treatment was either rifapentine 900 mg and INH
900 mg once weekly for 12 wk or rifampin 450 mg and pyrazinamide
750 mg (weight < 50 kg) or rifampin 600 mg and pyrazinamide 1,500 mg
(weight = 50 kg) once daily for 8 wk (16). Rifapentine/INH ingestion
was directly observed in the clinic; daily rifampin/pyrazinamide recipi-
ents took one observed dose per week at the clinic and the remainder
by self-administration. Participants had complete blood counts and
serum chemistries at baseline, and were offered HIV serology by ELISA
with Western blot confirmation.

At weekly follow-up visits, participants were questioned about drug
toxicity and signs and symptoms of TB. Initially, a 1-mo liver chemistry
test was planned, but after the trial began, reports appeared linking
rifampin/pyrazinamide to hepatotoxicity, and the protocol was amended
to perform serum chemistry tests on all patients every 2 wk during
therapy, in accordance with published guidelines (17, 18). After comple-
tion of treatment, participants assigned to rifampin and pyrazinamide
were seen in the study clinic after 1 mo and then every 3 mo thereafter,
whereas participants assigned to rifapentine and INH were seen every
3 mo to ascertain clinical status. Patients reporting any symptoms sug-
gestive of TB were evaluated with chest X-rays and sputum examina-
tions for acid-fast bacilli smear and culture. Those missing follow-up
appointments were contacted by outreach workers. TB diagnoses were
confirmed by reviewing medical records and health department data-
bases, based on mandatory reporting of all TB in Brazil.

For this phase 2 equivalence study, we assumed the risk of devel-
oping TB in untreated contacts would be 8% over 2 yr based on previous
research in Rio de Janeiro (19). We estimated that the efficacy of
rifampin and pyrazinamide would be 90%, resulting in a case rate of
0.8%. The study was powered to demonstrate that rifapentine and INH
would be equivalent to rifampin and pyrazinamide, defined as no more
than a 3.2% absolute difference in TB rates. If the rate of TB in the
rifapentine and INH arm was 4% or less, efficacy versus no treatment
would be 50%, and we reasoned that the convenience of the once-weekly
regimen would make such a difference clinically acceptable. Setting power
at 80% with a two-tailed o level of 0.05, we planned to enroll a total of
720 participants, with 360 allocated to each treatment arm.

Comparisons of baseline variables in the two treatment groups were
performed using Fisher’s exact test and ¢ tests, as appropriate. For out-
comes, comparisons between study arms were performed using Fisher’s
exact test, and odds ratios and associated 95% confidence intervals
were calculated for TB events. Rates of TB per 100 person-years of
follow up were also determined.

RESULTS

Enrollment began in January 2001. Interim analyses of toxicity
were performed twice yearly thereafter, with review by an inde-
pendent data safety and monitoring board. After the May 2003
interim analysis, the data safety and monitoring board recom-
mended continuation of the study, but enrollment was temporar-
ily suspended at the request of the National Institute of Allergy
and Infectious Diseases to permit further institutional review
board consideration of higher than expected rates of hepatotox-
icity in participants receiving rifampin and pyrazinamide. In July
2003, the study team permanently stopped enrollment into the
trial in anticipation of new guidelines from the Centers for Dis-
ease Control and Prevention stating that rifampin and pyrazi-
namide should generally not be used for treating latent TB
because of high rates of liver injury and death reported in clinical
practice (20). In light of hepatotoxicity occurring among partici-
pants receiving rifampin and pyrazinamide in the trial, the inves-
tigators concluded that assignment of additional participants to
this therapy was unwarranted. Thus, the trial enrolled 399 sub-
jects of an expected sample size of 720. Follow-up of all partici-
pants continued through April 2005 for ascertainment of TB,
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late toxicity, and vital status. Retention in the protocol was 98%,
with only eight participants lost to follow-up. Figure 1 shows
the disposition of participants enrolled in the trial.

Participants assigned to the two treatment regimens had similar
baseline characteristics, shown in Table 1. Over half of participants
were female and the mean age was 37 yr. The majority were
unemployed, and most had low educational levels. Two-thirds had
received bacille Calmette-Guerin vaccination, which is routinely
given in infancy in Brazil. Only one patient had HIV infection,
and there were very few other comorbidities associated with risk
of TB; thus, these factors were not further analyzed. Baseline
laboratory tests were similar in both groups as well (Table 2).

Of the 193 contacts of 113 index patients who were random-
ized to receive rifampin and pyrazinamide, 181 completed treat-
ment and 12 stopped treatment before completion. For the 206
contacts of 123 patients randomized to receive rifapentine and
isoniazid, 192 completed treatment and 14 terminated before
completion (p = 0.82). Adherence was excellent in both arms;
among patients who completed the rifapentine and isoniazid
arm, all took 12 weekly doses, and among those completing the
rifampin and pyrazinamide arm, all took eight weekly supervised
doses, and reported adherence to the remainder of treatment
was more than 95%. Reasons for premature discontinuation of
treatment in the rifapentine arm included adverse drug reactions
(1 patient), pregnancy (1 patient), patient preference (9 patients),
and other reasons (3 patients). Participants discontinued rifampin
and pyrazinamide because of adverse drug reactions (6 patients),
pregnancy (2 patients), patient preference (2 patients), and other
reasons (2 patients). Participants who discontinued therapy prema-
turely were monitored according to the study protocol and included
in all analyses. The mean follow-up was 2.7 yr in each arm.

The rifapentine and INH regimen was associated with signifi-
cantly less toxicity than rifampin and pyrazinamide (Table 3).
Grade 3 (aspartate aminotransferase [AST] or alanine amino-
transferase [ALT] 5-10 times upper limit of normal) or 4 (AST
or ALT > 10 times upper limit of normal) hepatotoxicity oc-
curred in 2 of 206 (1%) participants assigned to rifapentine and
INH versus 20 of 193 (10%) participants assigned to rifampin
and pyrazinamide (p < 0.001). The mean and median AST and
ALT in participants assigned to rifapentine remained within
normal limits and did not change over the first 8 wk of therapy,
whereas mean, but not median, AST and ALT levels rose in
participants assigned to rifampin and pyrazinamide (Table 4).
Thus, most participants tolerated the rifampin/pyrazinamide reg-
imen with no evidence of liver injury, but a significant minority
had substantial elevations in liver enzymes. No patient had symp-
tomatic hepatotoxicity, and none were hospitalized. Hepatotox-
icity did not occur before 4 wk, and the majority of cases (13/20)
were detected only at Week 8, after treatment was completed.
Participants treated with rifampin and pyrazinamide who devel-
oped hepatotoxicity had similar baseline characteristics as those
who did not, with no differences in sex, age, initial AST or
bilirubin levels, or body weight (Table 5). Dosages of pyrazinam-
ide and rifampin did not differ between those with and without
liver toxicity. One patient who developed hepatotoxicity while
taking rifampin and pyrazinamide also reported heavy alcohol
intake, which was believed to contribute to this adverse event.
All participants had resolution of hepatotoxicity within 4 to 12 wk.
Subsequent testing of 16 of the subjects with hepatotoxicity showed
evidence of prior hepatitis A in all (hepatitis A IgG antibody
positive), but no evidence of acute viral hepatitis (hepatitis A IgM
antibody negative, hepatitis B surface antigen negative). Other
participants were not tested for hepatitis A antibodies, which are
positive in the majority of Brazilian adults (21, 22).

Other adverse events during therapy and follow-up included
death in four participants (none related to study drugs or TB)
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399 Eligible patients Enrolled

Total allocated to Rifapentine/INH — N=206

Randomized to Rifapentine/INH ~ —N=123 Randomized to Rifampin/PZA - N=113
Contacts from within same houscholds Contacts from within same households
assigned to Rifapentine/INH — N=83 assigned to Rifampin/PZA —~ N=80

Total allocated to Rifampin/PZA - N=193

Figure 1. Consolidated Standards of Reporting
Trials (CONSORT) diagram of patient recruit-

. : ment and distribution during the trial. INH =

Received treatment - 206 Received treatment -193 isoniazid; PZA = pyrazinamide.
Completed treatment -192 Completed treatment - 181
Did not complete treatment - 14 Did not complete treatment -12

Stopped -9 Stopped -2

Adverse event -1 Adverse event -6

Pregnancy -1 Pregnancy -2

Other -3 Other -2
Lost to follow up -3 Lost to follow up -5

Included in analysis 206 Included in analysis 193

and pregnancy in five participants. None of the pregnancies were
judged to be related to study drugs interacting with hormonal
contraceptives.

During the follow-up period, four participants developed ac-
tive TB, diagnosed by culture of sputum in three patients and
by clinical findings (exudative pleural effusion with response to

TABLE 1. BASELINE CHARACTERISTICS BY TREATMENT ARM

Variable RPT/INH RZ All
No. subjects 206 193 399
Index cases, n 123 113 236
Mean age 37.7 37.0 37.4
Sex, M/F, % 37/63 44/56 40/60
Mean PPD size, mm 12.8 13.4 13.1
Marital status, % married 32 35 33
Race/ethnicity, %

White 59.2 58.6 58.9

Black 20.8 17.6 19.2

Mixed 15.1 17.1 16.1

Asian 4.9 6.7 5.8
Employment, % employed 52 72 62
Education

Completed primary, % 17 7 12

Completed secondary, % 14 15 14
HIV, % 0.5 0
BCG vaccination, % 65 66 65
Smoker, % 22 25 23
Alcohol, % 34.5 38 36
Injection drug use, % 0 0.5 0.3
Ever in prison, % 0 0 0
Ever arrested, % 1.5 0 0.8

TB therapy) in one. Three cases (two pulmonary, one pleural)
occurred in the rifapentine and INH arm (1.46%), versus one
case in the rifampin and pyrazinamide arm (0.52%; difference =
0.94%; 95% confidence interval [CI], —1.6-3.7%; p = 0.66). The
incidence of TB during follow-up was three cases in 564 person-
years of follow-up (0.5/100 person-years) for participants taking
rifapentine and INH versus one case in 522 person-years of
follow-up (0.2/100 person-years) for those taking rifampin and
pyrazinamide (relative risk, 2.8; 95% CI, 0.3-26.8; p = 0.66).

DISCUSSION

In this study comparing two short-course, rifamycin-based regi-
mens for the treatment of latent TB infection, we found that
rifapentine and INH were significantly better tolerated than
rifampin and pyrazinamide. We prematurely terminated our trial
because of unexpectedly high rates of hepatotoxicity in the rifam-
pin and pyrazinamide arm. Of participants assigned to this regi-
men, 10% developed grade 3 or 4 hepatotoxicity, compared with

TABLE 2. BASELINE LABORATORY VALUES BY
TREATMENT ARM

Variable RPT/INH RZ All
Mean hematocrit, % 41.5 41.3 41.4
Mean white blood cells, per cc 6,612 6,756 6,682
Mean AST, 1U 24 24 24
Mean total bilirubin, mg/dI 0.69 0.60 0.65
Mean direct bilirubin, mg/dl 0.16 0.15 0.155
Mean indirect bilirubin, mg/dl 0.59 0.46 0.48

Definition of abbreviations: BCG = bacille Calmette-Guerin; INH = isoniazid;
RPT = rifapentine; RZ = rifampin and pyrazinamide.

Definition of abbreviations: AST = aspartate aminotransferase; INH = isoniazid;
RPT = rifapentine; RZ = rifampin and pyrazinamide.
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TABLE 3. ADVERSE EVENTS DURING FOLLOW-UP

Variable RPT/INH RZ All
Death 1 3 4
Grade 3 hepatotoxicity* 2 14 16
Grade 4 hepatotoxicity* 0 11 11
Either grade 3 or 4 toxicity* 2 20 22
Pregnancy 1 4 5

Definition of abbreviations: INH = isoniazid; RPT = rifapentine; RZ = rifampin
and pyrazinamide.

* Grade 3 hepatotoxicity defined as aspartate aminotransferase or alanine ami-
notransferase 5 to 10 times upper limit of normal; grade 4 hepatotoxicity defined
as aspartate aminotransferase or alanine aminotransferase > 10 times upper limit
of normal. If initial abnormality was grade 3 but subsequent testing revealed
grade 4, patients were counted in both categories.

only 1% of individuals taking rifapentine and INH once weekly.
This rate of rifampin and pyrazinamide toxicity is comparable
to rates reported in recent years from several observational
studies and two clinical trials in individuals without HIV infec-
tion (23-29), but is substantially higher than rates reported in
clinical trials of patients with HIV infection (7-9).

The association of rifampin and pyrazinamide with liver in-
jury during the treatment of latent TB is unexplained and puz-
zling. Three controlled clinical trials of rifampin and pyrazinam-
ide in HIV-infected adults with latent TB found that this regimen
was as well or better tolerated as INH, with extremely low rates
of liver toxicity (7-9); yet, two clinical trials in HIV-uninfected
adults noted serious hepatotoxicity in 7 to 10% of patients taking
this regimen (22, 25). Our results confirm these findings.

We found that both treatment regimens in our study afforded
a high degree of protection against active TB in household con-
tacts of infectious cases. Kritski and colleagues, in a study con-
ducted in Rio de Janeiro, reported that 8% of contacts of patients
with multidrug-resistant TB developed active disease within
2 yr without preventive treatment (19). A more recent study in
Rio de Janeiro also found that 7 to 9% of household contacts

TABLE 4. AST AND ALT LEVELS BY TREATMENT ARM
THROUGHOUT THE TRIAL

RPT/INH RZ

Variable Mean Median n Mean Median n
Week 0

AST 233 22 206 23.2 22 193

ALT 25.5 27 206 20.3 19 193
Week 2

AST 24.3 23 131 25.8 24 130

ALT 234 20 131 24.5 21 130
Week 4

AST 24.5 23 161 38.1 26 154

ALT 23.1 20 161 48.9 25 154
Week 6

AST 26.4 23 133 43.2 27 127

ALT 25.7 20 133 59.0 25 127
Week 8

AST 24.5 22 150 48.6 26 156

ALT 25.0 19 150 70.1 27.5 156
Week 10

AST 26.6 22 64 80.0 25 58

ALT 26.0 18 64 115.8 27 58
Week 12

AST 234 22 174 36.4 24 176

ALT 22.7 19 174 48.7 20 176

Definition of abbreviations: ALT = alanine aminotransferase; AST = aspartate ami-
notransferase; INH = isoniazid; RPT = rifapentine; RZ = rifampin and pyrazinamide.
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TABLE 5. CHARACTERISTICS OF PATIENTS ASSIGNED TO
RIFAMPIN/PYRAZINAMIDE WHO DID OR DID NOT
DEVELOP GRADE 3 OR 4 HEPATOTOXICITY
Hepatotoxicity Yes (n = 20) No (n = 173)
Baseline AST, IU 35.0 25.2
Baseline total bilirubin, mg/dl 0.71 0.59
Male sex, % 45 44
Mean age, yr 40.2 36.7
Mean weight, kg 67.6 66.5
Mean pyrazinamide dose, mg/kg/d 19.1 19.3
Mean rifampin dose, mg/kg/d 9.0 9.2

Definition of abbreviation: AST = aspartate aminotransferase.

with a positive tuberculin skin test developed active disease
within 2 yr in the absence of treatment (M. Conde, M.D., per-
sonal communication, June 2005). The observed event rates in
this study were substantially lower than this, with only 1.46 and
0.52% of patients developing active disease after treatment with
rifapentine and INH or rifampin and pyrazinamide, respectively.
The incidence rates, 0.5 and 0.2 cases per 100 person-years, are
also significantly lower than reported for untreated household
contacts of active cases (30). There was no significant difference
between the two treatment groups, and the disease rate in the
rifapentine and INH arm was well below the acceptable figure
0of 4%. The upper 95% CI of the difference between the regimens
was 3.7%, slightly above our postulated acceptable difference
of 3.2% based on a rate in the control arm of 0.8%, reflecting
the smaller than planned sample size of the trial due to early
discontinuation of enrollment. Without treatment, we would
expect to have seen 16 TB cases among the 206 participants in
the rifapentine- and INH-treated cohort, whereas only three
cases occurred. In addition, rifapentine and INH were well toler-
ated, with 192 participants completing treatment and only 1%
developing liver toxicity. Rifapentine and INH constitute an
effective combination therapy for active TB in the continuation
phase for patients without cavitation on chest radiographs (12).
Its activity in latent TB is therefore not unexpected.

Short-course, rifamycin-based regimens for latent TB have
high effectiveness and are easier for patients to comply with
than longer courses of INH. Rifapentine and INH given once
weekly for 12 wk is an appealing alternative to 9 mo of INH for
contacts of TB cases, as it can be incorporated into directly observed
therapy programs as part of the management of the index case. A
shorter course of rifapentine and INH could improve the cost-
effectiveness of preventive therapy even further, as the number
of visits and monitoring costs would be reduced (31). TB control
programs in developing countries could place a higher priority
on treating latent infection in contacts of cases if the treatment
could be integrated with curative therapy and an easily adminis-
tered, short-course regimen were available. Rifapentine and
INH given weekly for 12 wk would meet these requirements
and could contribute to disease control efforts. Daily rifampin
for 3 to 4 mo is another cost-effective option for treating latent
TB, although clinical studies are limited (6, 32).

In conclusion, 12 doses of rifapentine and INH given weekly
have good activity against latent TB, and are significantly less
toxic than rifampin and pyrazinamide coadministration. Our
phase 2 trial had limited power because of early discontinuation
of enrollment, but demonstrates the potential of this new regi-
men. Although the overall efficacy of rifapentine and INH will be
further described in several ongoing phase 3 trials, this regimen is
a likely promising therapy for latent TB infection.
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