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Background

Treatment of latent tuberculosis in patients infected with the human immunodefi-
ciency virus (HIV) is efficacious, but few patients around the world receive such treat-
ment. We evaluated three new regimens for latent tuberculosis that may be more 
potent and durable than standard isoniazid treatment.

Methods

We randomly assigned South African adults with HIV infection and a positive tu-
berculin skin test who were not taking antiretroviral therapy to receive rifapentine 
(900 mg) plus isoniazid (900 mg) weekly for 12 weeks, rifampin (600 mg) plus iso-
niazid (900 mg) twice weekly for 12 weeks, isoniazid (300 mg) daily for up to 6 years 
(continuous isoniazid), or isoniazid (300 mg) daily for 6 months (control group). The 
primary end point was tuberculosis-free survival.

Results

The 1148 patients had a median age of 30 years and a median CD4 cell count of 
484 per cubic millimeter. Incidence rates of active tuberculosis or death were 3.1 per 
100 person-years in the rifapentine–isoniazid group, 2.9 per 100 person-years in the 
rifampin–isoniazid group, and 2.7 per 100 person-years in the continuous-isoniazid 
group, as compared with 3.6 per 100 person-years in the control group (P>0.05 for 
all comparisons). Serious adverse reactions were more common in the continuous-
isoniazid group (18.4 per 100 person-years) than in the other treatment groups (8.7 
to 15.4 per 100 person-years). Two of 58 isolates of Mycobacterium tuberculosis (3.4%) 
were found to have multidrug resistance.

Conclusions

On the basis of the expected rates of tuberculosis in this population of HIV-infected 
adults, all secondary prophylactic regimens were effective. Neither a 3-month course 
of intermittent rifapentine or rifampin with isoniazid nor continuous isoniazid was 
superior to 6 months of isoniazid. (Funded by the National Institute of Allergy and 
Infectious Diseases and others; ClinicalTrials.gov number, NCT00057122.)
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Tuberculosis is the most common op-
portunistic infection and the leading cause 
of death in adults infected with the human 

immunodeficiency virus (HIV), especially in Africa, 
where tuberculosis rates have increased sharply in 
the past two decades.1 Previous trials have shown 
that preventive treatment of HIV-infected patients 
with isoniazid for 6 to 12 months or a combination 
of isoniazid and rifampin for 3 months reduces the 
risk of tuberculosis by 32 to 64%.2-6 Despite this 
evidence and a World Health Organization policy 
endorsing routine use of isoniazid, the number of 
programs providing preventive treatment against 
tuberculosis is exceedingly low.1,7,8 Concerns about 
low completion rates,9 the potential for reinfec-
tion,10,11 and selection of drug-resistant myco-
bacterial strains12 contribute to the reluctance of 
public health programs to implement preventive 
treatment widely.

To address these concerns, we studied the use 
of 12-week courses of rifapentine given weekly or 
rifampin given twice weekly, both with isoniazid. 
The choice of these regimens was based on evi-
dence of increased potency and improved adher-
ence.13-16 We also studied continuously adminis-
tered isoniazid, which may be more potent than 
shorter courses and may prevent reinfection in ar-
eas where tuberculosis transmission is common.

Me thods

Study Design

The protocol (available with the full text of this 
article at NEJM.org) was approved by the institu-
tional review boards of Johns Hopkins Medicine 
and the University of the Witwatersrand, the 
Food and Drug Administration (FDA) (Investiga-
tional New Drug Application 62,611), and the Med-
icines Control Council of South Africa. The pro-
tocol was designed by the authors, and all data 
were collected by the authors and study staff in 
Soweto, South Africa. The authors made the deci-
sion to submit the article for publication and 
vouch for the completeness and accuracy of the 
data presented and the adherence of the study 
and this report to the protocol.

Patients

The study was conducted in Soweto, a community 
with a high prevalence of HIV infection and tu-
berculosis. HIV-infected adults with an induration 
that was 5 mm or more in diameter in response 
to a tuberculin skin test were screened for enroll-

ment from September 2002 through June 2005. 
Eligible patients were at least 18 years of age, were 
not pregnant or breast-feeding, and did not have 
active tuberculosis, as ruled out on the basis of 
symptom review, chest radiography, and, if indi-
cated, sputum culture. Patients were also excluded 
if they had ever received tuberculosis therapy for 
more than 2 months, were currently receiving an-
tiretroviral therapy, or had a CD4 cell count of less 
than 200 per cubic millimeter. Written informed 
consent was obtained from all patients.

Treatment Groups and Administration

This was an open-label, randomized trial of rifa-
pentine (Priftin, Sanofi Aventis; 900 mg) plus 
isoniazid (900 mg) once weekly for 12 weeks (rif
apentine–isoniazid), rifampin (600 mg) plus iso-
niazid (900 mg) twice weekly for 12 weeks (rif
ampin–isoniazid), isoniazid (300 mg) daily for the 
duration of the study (≤6 years) (continuous iso-
niazid), or a control regimen of isoniazid (300 mg) 
daily for 6 months (6-month isoniazid). All patients 
received pyridoxine (25 mg) with each dose of 
antituberculosis medication. Treatment in the rifa-
pentine–isoniazid and rifampin–isoniazid groups 
was directly observed in the study clinic, whereas 
in the 6-month–isoniazid and continuous-isoni-
azid groups, the study drugs were self-adminis-
tered. Treatment allocation was by a computer-
generated algorithm that randomly assigned 
patients in blocks of 2:2:2:1 to the rifapentine–
isoniazid, rifampin–isoniazid, 6-month–isoniazid, 
and continuous-isoniazid groups, respectively. 

Study Procedures

During the treatment period, scheduled visits oc-
curred once weekly for the rifapentine–isoniazid 
group and twice weekly for the rifampin–isonia-
zid group, every 2 weeks for the first 6 months 
for the two isoniazid groups, and monthly there-
after for the continuous-isoniazid group. Patients 
who had completed the assigned study regimen 
or had discontinued it were seen every 6 months 
until the end of the trial.

At each study visit, patients were screened for 
tuberculosis symptoms by a study nurse. For those 
with symptoms, assessment of a sputum smear, 
mycobacterial culture, and chest radiography were 
performed. The National Health Laboratory Ser-
vice in Johannesburg, South Africa, performed the 
mycobacterial culture and drug-sensitivity testing 
using a mycobacterial-testing system (BACTEC 
mycobacterial growth indicator tube [MGIT] 960, 
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BD). Species determination was achieved by means 
of nucleic acid amplification (AccuProbe, Gen-
Probe), and drug-susceptibility testing was con-
ducted with the use of critical concentrations of 
isoniazid and rifampin in MGIT culture.

Alanine and aspartate aminotransferase levels 
were measured in all patients 1, 2, and 6 months 
after randomization, as well as every 6 months 
thereafter in the continuous-isoniazid group. CD4 
cell counts were measured every 6 months, and 
CD4 cell counts and HIV viral loads were measured 
every 3 months in patients whose CD4 cell count 
was less than 350 per cubic millimeter beginning 
in the second quarter of 2004. Patients eligible 
for antiretroviral therapy were referred to an HIV 
clinic for the initiation of such therapy but re-
mained in the study. The first-line antiretroviral 
regimen in use in South Africa during the trial 
consisted of stavudine, lamivudine, and efavirenz 
or nevirapine. Women who became pregnant while 
receiving rifapentine–isoniazid or rifampin–iso-
niazid were switched to the 6-month–isoniazid 
group, and treatment was stopped after they had 
received isoniazid for a total of 6 months. All pa-
tients who discontinued therapy were followed 
until the end of the study.

Study End Points

The primary end point was tuberculosis-free sur-
vival. Cases were classified as confirmed, proba-
ble, or possible tuberculosis. Confirmed tubercu-
losis was defined as the presence of clinical signs 
and symptoms and a positive culture for Mycobac-
terium tuberculosis from any site. Probable tubercu-
losis was defined as the presence of signs and 
symptoms with acid-fast bacilli in a sputum smear 
or caseous necrosis in a tissue-biopsy specimen. 
Possible tuberculosis was defined as the presence 
of signs and symptoms without microbiologic or 
histologic evidence of M. tuberculosis but with a 
clinical response to antituberculosis therapy.

Patients who had signs and symptoms of tuber-
culosis without microbiologic or biopsy confirma-
tion and without a clinical response to therapy 
were categorized as having “suspected tubercu-
losis,” but these cases were not counted as events. 
Diagnosed cases of tuberculosis and deaths were 
ascertained through active follow-up of patients 
who missed scheduled visits. Clinical records and 
death certificates were obtained whenever possi-
ble. An independent end-point committee reviewed 
and categorized all end points.

The secondary outcomes of the study were 
adherence to the study regimen, adverse events, 
discontinuation of study medication for any rea-
son, and mycobacterial drug resistance in patients 
with tuberculosis. Serious adverse events were de-
fined as grade 3 or 4 adverse events according to 
the Division of AIDS toxicity table, hospitalization, 
or death. Pregnancy also was reported as a serious 
adverse event but was not analyzed as such.

Statistical Analysis

Patients with confirmed, probable, or possible tu-
berculosis and those who died were included in 
the intention-to-treat analyses of the primary end 
point. The trial was originally designed to show 
the superiority of the three new regimens for pre-
venting tuberculosis over the standard therapy of 
isoniazid for 6 months. We assumed that the  
annual risk of tuberculosis would be 6% in the 
6-month isoniazid group, on the basis of data 
from trials conducted elsewhere in Africa8,9; that 
the rifapentine–isoniazid and rifampin–isoniazid 
regimens would reduce the incidence of tubercu-
losis by 50%, to 3% per year, on the basis of stud-
ies in animals17,18; and that the continuous-isoni-
azid regimen would reduce the incidence by 82%, 
to 1.1% per year, by preventing reinfection.

With a minimum of 3 years of follow-up per 
patient, we anticipated a total of 124 tuberculosis 
cases among the 1148 study patients. The prob-
ability of a type I error was set at 0.05, and the 
power of the study was estimated at 90%. Inci-
dence-rate ratios and corresponding exact 95% 
confidence intervals for tuberculosis and for tuber-
culosis or death were calculated, after censoring 
of data for patients lost to follow-up. The primary 
statistical analysis was performed with the use of 
the log-rank test. No adjustment was made for 
multiple comparisons. A formal interim analysis of 
efficacy with respect to the tuberculosis end point, 
with the use of the O’Brien–Fleming alpha spend-
ing function,9 was planned at the time of 50% ac-
crual of cases and took place when there was a 
total of 51 tuberculosis cases; tests were performed 
with a significance level of 0.006 for each of the 
three pairwise comparisons with the 6-month–
isoniazid group.19

On the recommendation of the independent 
data and safety monitoring board, which was 
concerned that patients might die of tuberculosis 
before it was diagnosed, the follow-up period was 
extended, and the primary end point was changed 
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to tuberculosis or death. A second interim analy-
sis was conducted when there were 115 events for 
this end point, with tests at a significance level 
of 0.02. At the end of the study, there were 128 
events, with a final test at a significance level of 
about 0.04.

An as-treated analysis was performed with data 
for patients who had received more than 2 months 
of study therapy and who did not have tubercu-
losis in the first 3-month period after random-
ization. Data for participants who discontinued 
their study therapy prematurely were censored 

60 days after the medication was stopped to en-
sure that end points that might have led to dis-
continuation were included.

R esult s

Study Participants and Follow-up

From September 2002 through June 2005, a total 
of 1528 tuberculin-positive, HIV-infected adults 
were screened; 1176 (77.0%) were eligible for the 
study, of whom 1150 (97.8%) were enrolled and 
randomly assigned to a study regimen (Fig. 1). 

1204 Were eligible

1528 Tuberculin-positive, HIV-infected adults 
were assessed for eligibility

324 Were ineligible
170 Were eligible for antiretroviral therapy
90 Had active tuberculosis
39 Had chest radiograph suggestive 

of pulmonary tuberculosis
18 Had history of tuberculosis therapy

for >2 mo
14 Had abnormal aminotransferase

level
11 Were pregnant or breast-feeding
4 Were undergoing antituberculosis

therapy
8 Had other reason

1150 Underwent randomization

54 Were excluded
26 Did not return for randomization
22 Declined to participate
6 Completed screening after trial was

fully enrolled

329 Were assigned 
to rifapentine and
isoniazid weekly

164 Were assigned
to isoniazid daily

for ≤6 yr

328 Were assigned 
to isoniazid daily

for 6 mo

329 Were assigned 
to rifampin and

isoniazid twice weekly

1 Withdrew consent
before treatment

started

1 Withdrew consent
before treatment

started

Figure 1. Recruitment and Randomization of Study Patients.

Patients could have more than one reason for ineligibility.
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The main reasons for nonenrollment were eligi-
bility for antiretroviral therapy (170 patients) and 
diagnosis of active tuberculosis during the screen-
ing process (90 patients). The median age of pa-
tients was 30.4 years, and 83.3% were women. 
The median CD4 cell count was 484 per cubic mil-
limeter, the log10 HIV viral load was 4.2 copies per 
milliliter, and the body-mass index (the weight in 
kilograms divided by the square of the height in 
meters) was 24.9. The baseline characteristics 
were balanced among the four treatment groups 
(Table 1).

The median follow-up time was 4.0 years in 
the rifapentine–isoniazid group, 4.1 years in the 
rifampin–isoniazid group, 3.9 years in the con-
tinuous-isoniazid group, and 3.9 years in the 
6-month–isoniazid group. At the end of the 
study, 887 of the 1148 patients (77.3%) had been 
seen in the previous 6 months or had a known 
date of death. During the follow-up period, 215 

patients (18.7%) were started on antiretroviral 
therapy; the median CD4 cell count at the initia-
tion of antiretroviral therapy was 185 per cubic 
millimeter (interquartile range, 148 to 234). Cu-
mulatively, patients received antiretroviral thera-
py for less than 10% of total follow-up time.

Adherence

The proportions of patients who reported taking 
or were observed taking more than 90% of their 
assigned doses of study medication in the time 
allotted were 95.7% in the rifapentine–isoniazid 
group, 94.8% in the rifampin–isoniazid group, 
and 83.8% in the 6-month–isoniazid group. Pa-
tients in the continuous-isoniazid group took iso-
niazid for 89.1% of the total follow-up time; 60.4% 
of patients received daily isoniazid for more than 
3 years, and 43.3% for more than 4 years. The 
median duration of receipt of continuous isoniazid 
was 3.3 years (interquartile range, 2.1 to 4.3). Other 

Table 1. Baseline Characteristics of the Study Patients, According to Treatment Group.

Characteristic

Rifapentine with 
Isoniazid Weekly 

for 12 Wk 
(N = 328)

Rifampin with 
Isoniazid Twice 

Weekly for 12 Wk 
(N = 329)

Isoniazid Daily
for ≤6 Yr 
(N = 164)

Isoniazid Daily
for 6 Mo 
(N = 327)

All Patients 
(N = 1148)

Female sex — no. (%) 277 (84.5) 267 (81.2) 139 (84.8) 273 (83.5) 956 (83.3)

Age — yr

Median 30.3 30.5 30.2 30.4 30.4

Interquartile range 26.3–35.0 27.0–34.3 25.4–34.2 26.3–34.9 26.4–34.7

Black race — no. (%)* 325 (99.1) 327 (99.4) 163 (99.4) 327 (100.0) 1142 (99.5)

≥12 Yr of schooling — no. (%) 93 (28.4) 102 (31.0) 61 (37.2) 117 (35.8) 373 (32.5)

Formal employment — no. (%) 40 (12.2) 34 (10.3) 12 (7.3) 39 (11.9) 125 (10.9)

Imprisoned before enrollment — no. (%) 48 (14.6) 52 (15.8) 21 (12.8) 40 (12.2) 161 (14.0)

Diameter of induration from tuberculin 
skin test — mm

Median 14.5 15.0 15.0 15.0 15.0

Interquartile range 12–19 12–19 12–19 11–18 12–19

CD4 count — cells/mm3

Median 471 498 476 490 484

Interquartile range 352–666 353–696 346–644 340–670 350–672

Viral load — log10 copies/ml

Median 4.3 4.0 4.2 4.2 4.2

Interquartile range 3.6–4.8 3.4–4.7 3.6–4.7 3.6–4.7 3.6–4.7

Body-mass index

Median 25.0 24.7 25.3 24.9 24.9

Interquartile range 21.8–29.2 21.9–28.4 22.6–29.3 22.1–29.5 22.1–29.0

*	Black race was self-reported.
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data regarding study completion and adherence 
over time are shown in Figure 1 in the Supplemen-
tary Appendix (available at NEJM.org).

Tuberculosis Cases and Deaths

Numbers and rates of cases of tuberculosis, death, 
or either event are shown in Table 2. Tuberculosis 
was diagnosed in 78 patients, of whom 62 (79%) 
had confirmed tuberculosis, 11 (14%) had proba-
ble tuberculosis, and 5 (6%) had possible tubercu-
losis. The overall incidence of all tuberculosis was 
1.9 cases per 100 person-years. There were 66 
deaths during the follow-up period, for an overall 
incidence of 1.6 deaths per 100 person-years. 
There were no significant differences in the inci-
dences of tuberculosis or death between any of the 
three groups treated with the newer regimens and 
the control group (P>0.05 for all comparisons, by 
the log-rank test). Kaplan–Meier estimates of the 
risk of reaching the primary end point (tuberculo-
sis or death) in the intention-to-treat population 
are shown in Figure 2.

A post hoc, as-treated analysis included data 
from patients who had received the assigned study 
therapy for at least 2 months, with data censored 
60 days after premature discontinuation of the 
regimen. Because of the high rates of treatment 
completion in the three groups with the shortest 
treatment phase, most censoring occurred in 
the continuous-isoniazid group. Thus, most of the 
follow-up data for the groups treated with the 
shorter regimens were obtained after the com-
pletion of therapy, whereas most of the follow-
up data for the continuous-isoniazid group were 
collected while the patients were receiving ther-
apy. The rate of tuberculosis or death was much 
lower in the continuous-isoniazid group than in 
the other three groups in this analysis. In a Cox 
proportional-hazards analysis, the continuous-
isoniazid group had a risk of tuberculosis or 
death that was 58% lower than the risk in the 
control group (P = 0.02). The rate of tuberculosis 
escalated markedly after discontinuation of con-
tinuous-isoniazid treatment.

Table 2. Rates of Study End Points According to Treatment Group.*

End Point Rifapentine–Isoniazid Rifampin–Isoniazid Continuous Isoniazid 6-Mo Isoniazid All

Tuberculosis

No. of cases 24 24 8 22 78

Person-yr of follow-up 1187.5 1219.7 561.0 1143.9 4112.1

Incidence rate per 100 person-yr 2.0 2.0 1.4 1.9 1.9

Death

No. of cases 17 16 8 25 66

Person-yr of follow-up 1223.6 1269.8 574.2 1180.0 4247.6

Incidence rate per 100 person-yr 1.4 1.3 1.4 2.1 1.6

Death or tuberculosis

No. of cases 37 35 15 41 128

Person-yr of follow-up 1187.5 1219.7 561.0 1143.9 4112.1

Incidence rate per 100 person-yr 3.1 2.9 2.7 3.6 3.1

Tuberculosis

Crude incidence-rate ratio (95% CI) 1.05 (0.56–1.97) 1.02 (0.55–1.91) 0.74 (0.29–1.73) Reference 1.0

P value 0.87 0.94 0.48

Death

Crude incidence-rate ratio (95% CI) 0.66 (0.33–1.26) 0.59 (0.30–1.16) 0.66 (0.26–1.50) Reference 1.0

P value 0.18 0.10 0.31

Death or tuberculosis

Crude incidence-rate ratio (95% CI) 0.87 (0.54–1.39) 0.80 (0.50–1.29) 0.75 (0.38–1.38) Reference 1.0

P value 0.54 0.34 0.34

*	P values are for the comparison with the 6-month regimen of isoniazid. CI denotes confidence interval.
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Discontinuation of Therapy, Adverse Events, 
and Drug Resistance

The leading reasons for stopping preventive treat-
ment were pregnancy (accounting for 34 patients), 
initiation of highly active antiretroviral therapy 
(27 patients, all in the continuous-isoniazid group), 
and withdrawal from the study because of work 
responsibilities (14 patients).

The types and rates of adverse events are shown 
in Table 3. For the three shorter regimens, almost 
all adverse events occurred after completion of 
treatment, whereas 87.3% of adverse events in the 
continuous-isoniazid group occurred during the 
medication phase. Rates of serious adverse events 
(grade 3 or 4 toxic effects, death, and active tu-
berculosis) while patients were receiving the study 
drugs were 8.7 per 100 person-years in the rifa-
pentine–isoniazid group, 10.6 per 100 person-years 
in the rifampin–isoniazid group, 18.4 per 100 
person-years in the continuous-isoniazid group, 
and 15.4 per 100 person-years in the 6-month–
isoniazid group (P>0.05 for all comparisons with 
the 6-month–isoniazid group). There were no 
deaths attributed to a study drug. A grade 3 or 4 
elevation in the aspartate or alanine aminotrans-
ferase level occurred during the treatment phase 
in 1.5%, 2.4%, 28.0%, and 5.5% of patients in the 
rifapentine–isoniazid, rifampin–isoniazid, contin-
uous-isoniazid, and 6-month–isoniazid groups, 
respectively (P<0.001 for the comparison of con-
tinuous isoniazid with 6-month isoniazid). The 
median time from randomization to the first de-
tected grade 3 or 4 elevation in the aminotrans-
ferase level was 47 days (interquartile range, 36 to 
57), 28 days (interquartile range, 8 to 68), 571 days 
(interquartile range, 358 to 674), and 175 days (in-
terquartile range, 56 to 182) in the rifapentine–
isoniazid, rifampin–isoniazid, continuous-isonia-
zid, and 6-month–isoniazid groups, respectively.

Drug-susceptibility testing was performed in 
58 of 62 M. tuberculosis isolates (94%). Two cases 
of isoniazid-resistant tuberculosis and three cases 
of rifampin-resistant tuberculosis were detected. 
Multidrug-resistant tuberculosis (resistance to both 
isoniazid and rifampin) was detected in 2 of the 
isolates (3%), 1 from a patient in the rifapentine–
isoniazid group and the other from a patient in 
the continuous-isoniazid group (Table 4).

Discussion

We found that three new prophylactic regimens 
against tuberculosis in HIV-infected adults were 

not superior to the control regimen of isoniazid 
therapy for 6 months. The overall rate of tubercu-
losis was 1.9 cases per 100 person-years, with no 
significant difference between any of the three new 
regimens and the control regimen. Among HIV-
infected people in Africa with a positive tubercu-
lin skin test who are not receiving antituberculosis 
treatment, the expected annual rate of tuberculo-
sis ranges from 5 and 10%.2,4,6,7 The rate of tu-
berculosis in the control group was also substan-
tially lower than anticipated, suggesting that all 
the treatments used in this study performed bet-
ter than regimens used in earlier African stud-
ies.10,11 The shorter, rifamycin-based regimens had 
higher adherence rates than did the 6-month iso-
niazid regimen and did not appear to select for 
drug-resistant M. tuberculosis in the small number 
of isolates cultured. These results are consistent 
with an earlier study showing the efficacy of dai-
ly isoniazid and rifampin in adults with HIV in-
fection,2 but we found that a twice-weekly regi-
men was also efficacious.

No clinically significant safety concerns were 
identified with the once-weekly regimen of rifa-
pentine and isoniazid in our study, a finding that 
is similar to the results of a smaller trial involving 
household contacts of patients with tuberculosis 

C
um

ul
at

iv
e 

Pr
ob

ab
ili

ty
of

 T
ub

er
cu

lo
si

s 
or

 D
ea

th

0.20

0.15

0.10

0.05

0.00
0 1 2 3 4 5

Years of Follow-up

No. at Risk
Rifapentine–isoniazid 
Rifampin–isoniazid 
Isoniazid, 6 mo
Isoniazid, ≤6 yr

326
327
327
164

299
301
289
144

275
284
260
131

249
252
238
109

160
162
145
73

52
56
49
26

Isoniazid, 6 mo
Isoniazid, ≤6 yr

Rifapentine–isoniazid 
Rifampin–isoniazid 

Figure 2. Kaplan–Meier Estimates of the Risk of Tuberculosis or Death 
in the Intention-to-Treat Population, According to Treatment Group.

The four treatment regimens were rifapentine and isoniazid weekly for 12 
weeks, rifampin and isoniazid twice a week for 12 weeks, isoniazid daily for 
up to 6 years (continuous regimen), and isoniazid daily for 6 months (control 
regimen).

The New England Journal of Medicine 
Downloaded from nejm.org on May 24, 2012. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;1  nejm.org  july 7, 201118

in Brazil.14 A recent, large trial of this regimen as 
compared with 9 months of isoniazid in a popu-
lation largely uninfected with HIV showed non-
inferiority, which is consistent with our results.20 
The use of intermittent, short-course rifamycin 
regimens to prevent tuberculosis is appealing be-
cause adherence is improved, therapy can be super-
vised, and adverse reactions should be minimized. 
Use of rifamycins is problematic in patients receiv-
ing HIV protease inhibitors, which are metabo-
lized by P-450 cytochromes, but concomitant use 
of rifampin and efavirenz does not appear to com-
promise antiviral activity.21

We found no additional benefit of continuous 
isoniazid as compared with 6 months of isoniazid 
as preventive treatment in our intention-to-treat 
analysis. Our study was not blinded, however, and 
patients assigned to continuous isoniazid discon-
tinued treatment for a number of reasons. Our 
post hoc analyses suggest that continuous iso-
niazid was effective while patients were taking 
the drug but that its effectiveness was lost when 
treatment ended. Hepatotoxic adverse events were 

more common with continuous isoniazid than 
with the 6-month regimen, but none of these 
events were fatal. Our results support data from 
a trial in Botswana comparing a 3-year course of 
isoniazid therapy with the 6-month regimen, in 
which the longer regimen was superior.22 The 
Botswana trial was placebo-controlled, and the 
rate of treatment discontinuation with prolonged 
isoniazid treatment was lower in that study than 
in ours. Taken together, these data suggest that 
longer courses of isoniazid are efficacious but 
that the benefit will be compromised by discon-
tinuation of treatment and adverse events.

Adherence to antituberculosis therapy was good 
in our trial, a finding that is consistent with re-
ports from African programs showing that 70 to 
90% of HIV-infected adults given isoniazid com-
pleted treatment.23,24 In our trial, adherence to the 
three shorter regimens was better than adherence 
to continuous isoniazid.

Intermittent rifapentine therapy for active tu-
berculosis in patients with advanced HIV infection 
has been associated with the emergence of organ-

Table 3. Adverse Events, Including Those Occurring after Discontinuation of Study Medications, and Status of Study 
Medications after the Adverse Events.

Event

Rifapentine– 
Isoniazid 
(N = 328)

Rifampin– 
Isoniazid 
(N = 329)

Continuous 
Isoniazid 
(N = 164)

6-Mo  
Isoniazid 
(N = 327)

Total 
(N = 1148)

Adverse event — no. (rate per 100 enrolled 
patients)*

Hospitalization 95 (29.0) 89 (27.1) 38 (23.2) 104 (31.8) 326 (28.4)

Pregnancy† 81 (24.7) 74 (22.5) 31 (18.9) 49 (15.0) 235 (20.5)

Death 17 (5.2) 16 (4.9) 8 (4.9) 25 (7.6) 66 (5.7)

Grade 3 toxic effect 17 (5.2) 15 (4.6) 35 (21.3) 17 (5.2) 84 (7.3)

Grade 4 toxic effect 4 (1.2) 9 (2.7) 18 (11.0) 14 (4.3) 45 (3.9)

Other 3 (0.9) 7 (2.1) 7 (4.3) 7 (2.1) 24 (2.1)

Total 217 (66.2) 210 (63.8) 137 (83.5) 216 (66.1) 780 (67.9)

Treatment status after event — no. (% of 
total no. with adverse event)

Treatment discontinued

Temporarily 5 (2.3) 7 (3.3) 39 (28.5) 15 (6.9) 66 (8.5)

Permanently 4 (1.8) 8 (3.8) 50 (36.5) 4 (1.9) 66 (8.5)

Not receiving study regimen at time 
of event

207 (95.4) 195 (92.9) 17 (12.4) 183 (84.7) 602 (77.2)

Treatment uninterrupted 1 (0.5) 0 29 (21.2) 12 (5.6) 42 (5.4)

Treatment restarted 0 0 2 (1.5) 2 (0.9) 4 (0.5)

*	Note that rates are not in person-years. Because some patients had more than one event, rates are reported instead of 
proportions.

†	Pregnancy was considered an adverse event because rifapentine and rifampin have not been proven safe for use in 
pregnancy (FDA Category C).
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isms that are resistant to rifampin.25 Overall, the 
prevalence of multidrug-resistant tuberculosis in 
our study was 3.4%, which is similar to estimates 
in South Africa at the time of our study.26 We did 
not detect increased selection of resistant organ-
isms, probably because of the reduced bacterial 
load in latent tuberculosis; however, our sample 
was small.

The prevalence of active tuberculosis was 5.9% 
among the adults screened for this trial, which is 
similar to the prevalence among HIV-infected pa-
tients in South Africa and other areas with a high 
burden of tuberculosis when they begin to receive 
antiretroviral therapy27,28 or prenatal care.29 The 
World Health Organization has recently revised 
its guidelines for antituberculosis therapy30 to rec-
ommend the use of isoniazid for all HIV-infected 
persons at high risk for tuberculosis, including 
pregnant women, children, and patients receiving 
antiretroviral therapy, regardless of tuberculin sta-
tus. We studied only HIV-infected adults with a 
positive tuberculin skin test, who account for up 
to 50% of HIV-infected patients in southern Africa 
and make up a group at particularly high risk for 
the development of tuberculosis; thus, our results 
may not be generalizable to lower-risk groups.

In summary, short-course, rifamycin-based pre-

ventive treatment had similar, not superior, effica-
cy to 6 months of isoniazid in tuberculin-positive 
adults infected with HIV. Use of these regimens 
in clinical practice could substantially increase the 
number of patients who receive and complete pre-
ventive therapy. Our findings, along with those 
of other investigators,22 suggest that continuous 
treatment with isoniazid may be effective in pre-
venting reactivation of and reinfection with M. tu-
berculosis in Africa. More widespread use of pre-
ventive therapy, regardless of the regimen chosen, 
is essential to help control the epidemic of HIV-
related tuberculosis.
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Table 4. Cases of Tuberculosis, Culture-Confirmed Cases, and Drug-Resistant Isolates, According to Treatment Group.

Tuberculosis Cases
Rifapentine– 

Isoniazid
Rifampin– 
Isoniazid

Continuous  
Isoniazid

6-Mo  
Isoniazid Total

number of cases

All cases* 24 24 8 22 78

Culture-confirmed cases 21 18 5 18 62

Drug-resistant isolate

Total tested 21 16 5 16 58

Resistant

To isoniazid† 1 0 1 0 2

To rifampin† 2 0 1 0 3

To both 1 0 1 0 2

*	The numbers include possible, probable, and confirmed cases of tuberculosis.
†	The numbers include multidrug-resistant cases.
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