
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 379;5  nejm.org  August 2, 2018454

The authors’ full names, academic de-
grees, and affiliations are listed in the 
Appendix. Address reprint requests to Dr. 
Menzies at the Respiratory Epidemiology 
and Clinical Research Unit, Montreal Chest 
Institute, McGill University Health Centre 
Research Institute, 5252 Blvd. de Maison-
neuve Ouest, Office 3D.58, Montreal, QC 
H4A 3S5, Canada, or at dick​.menzies@​
mcgill​.ca.

N Engl J Med 2018;379:454-63.
DOI: 10.1056/NEJMoa1714284
Copyright © 2018 Massachusetts Medical Society.

BACKGROUND
The treatment of latent infection with Mycobacterium tuberculosis is important in 
children because of their vulnerability to life-threatening forms of tuberculosis 
disease. The current standard treatment — 9 months of isoniazid — has been 
associated with poor adherence and toxic effects, which have hampered the ef-
fectiveness of the drug. In adults, treatment with 4 months of rifampin has been 
shown to be safer and to have higher completion rates than 9 months of isoniazid.

METHODS
In this multicenter, open-label trial, we randomly assigned 844 children (<18 years 
of age) with latent M. tuberculosis infection to receive either 4 months of rifampin or 
9 months of isoniazid. The primary outcome was adverse events of grade 1 to 5 that 
resulted in the permanent discontinuation of a trial drug. Secondary outcomes 
were treatment adherence, side-effect profile, and efficacy. Independent review 
panels whose members were unaware of trial-group assignments adjudicated all 
adverse events and progression to active tuberculosis.

RESULTS
Of the children who underwent randomization, 829 were eligible for inclusion in 
the modified intention-to-treat analysis. A total of 360 of 422 children (85.3%) in 
the rifampin group completed per-protocol therapy, as compared with 311 of 407 
(76.4%) in the isoniazid group (adjusted difference in the rates of treatment 
completion, 13.4 percentage points; 95% confidence interval [CI], 7.5 to 19.3). 
There were no significant between-group differences in the rates of adverse events, 
with fewer than 5% of the children in the combined groups with grade 1 or 2 ad-
verse events that were deemed to be possibly related to a trial drug. Active tuber-
culosis, including 1 case with resistance to isoniazid, was diagnosed in 2 children 
in the isoniazid group during 542 person-years of follow-up, as compared with no 
cases in the rifampin group during 562 person-years (rate difference, −0.37 cases 
per 100 person-years; 95% CI, −0.88 to 0.14).

CONCLUSIONS
Among children under the age of 18 years, treatment with 4 months of rifampin 
had similar rates of safety and efficacy but a better rate of adherence than 
9 months of treatment with isoniazid. (Funded by the Canadian Institutes of 
Health Research and Conselho Nacional de Pesquisa; ClinicalTrials.gov number, 
NCT00170209.)
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Tuberculosis is a major global health 
problem, with an estimated 10.4 million 
new cases worldwide in 2016; of these cases, 

1.0 million occurred in children.1 It is estimated 
that 25% of persons worldwide have latent infec-
tion with Mycobacterium tuberculosis.2 From this 
enormous reservoir, it is estimated that active 
tuberculosis will develop in approximately 10% 
of those who are infected.3

As a result of growing recognition of the im-
portance of treatment of latent infection as part 
of the End TB Strategy,4,5 the World Health Or-
ganization (WHO) is now recommending treat-
ment for children under the age of 5 years who 
are household contacts of a person with tuber-
culosis in all settings.6 This strategy benefits the 
children by reducing their risk of life-threatening 
forms of the disease7 and prevents future M. tuber-
culosis transmission.8 The currently recommended 
standard treatment for latent tuberculosis in-
fection is isoniazid (a regimen that is consid-
ered to be safe in children9) for 6 or 9 months,6 
with the longer duration showing greater pro-
tective efficacy.10

However, both regimens of isoniazid have 
been limited by poor adherence rates.11 In adults, 
4 months of treatment with rifampin has been 
shown to be safer (lower frequency of grade 3 
or 4 hepatotoxicity)12,13 and to have better adher-
ence rates12-15 than 9 months of treatment with 
isoniazid. In adequately powered tuberculosis pre-
vention trials involving adults, 3 months of ri-
fampin was found to be noninferior to 6 months 
of isoniazid16 and 3 months of isoniazid plus rifa-
pentine was found to be noninferior to 9 months 
of isoniazid.17 In a recent pediatric trial,18 inves-
tigators found better rates of safety and adher-
ence with 3 months of isoniazid plus rifapentine 
than with 9 months of isoniazid. We wanted to 
compare the safety, side-effect profile, and ad-
herence of 4 months of rifampin with 9 months 
of isoniazid in children in a randomized trial.

Me thods

Trial Design and Outcomes

This trial was part of a larger one that involved 
both adults and children. In this issue of the 
Journal, the overall trial design, definitions, ran-
domization procedures, enrollment, and out-
comes are described in the article by Menzies 

et al.,19 which details the findings in the adult 
participants. (See the Supplementary Appendix 
that is provided with the full text of the article 
by Menzies et al. at NEJM.org, along with the 
protocol for the trial in children, also available 
at NEJM.org.)

Briefly, the trial involving children was a non-
inferiority, open-label, randomized trial to com-
pare 4 months of rifampin with 9 months of 
isoniazid for the treatment of latent tuberculosis 
infection in children (0 to 17 years of age) in 
Australia, Benin, Brazil, Canada, Ghana, Guinea, 
and Indonesia. Children under the age of 5 years 
who had a household contact with tuberculosis 
but had negative results on the tuberculin skin 
test (<5 mm) could also be enrolled in the trial. 
The primary outcome was adverse events of grade 
1 to 5 that resulted in the permanent discontinu-
ation of a trial drug. Secondary outcomes were 
treatment adherence, side-effect profile, and micro-
biologically confirmed active tuberculosis dur-
ing 16 months of follow-up after randomization.

All the analyses were performed in the modi-
fied intention-to-treat population, which included 
all the children who had undergone randomiza-
tion with the exception of those under the age of 
5 years who had negative results on the tubercu-
lin skin test both at the time of screening and 
on a second test performed 8 weeks after the end 
of household exposure to active tuberculosis. 
(Such exposure was defined as ending when the 
child’s household contact with tuberculosis initi-
ated treatment.) These children with two nega-
tive results on testing were excluded from the 
analysis only if the provider made the decision 
to stop treatment.

Drug Treatments

Children who were assigned to the isoniazid 
group received 10 to 15 mg of the drug per kilo-
gram of body weight per day, and those assigned 
to the rifampin group received 10 to 20 mg of 
the drug per kilogram per day.6,20,21 The drugs 
were administered by the participants or their 
caretakers. At each visit, providers performed pill 
counts to determine the doses of each drug that 
had been administered. Details regarding the 
administration of the two drugs and the prepa-
ration of the medications are provided in Table 
S1 in the Supplementary Appendix. Per-protocol 
treatment completion was defined as the receipt 



n engl j med 379;5  nejm.org  August 2, 2018456

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

of at least 80% of doses during the prespecified 
period of time.

Trial Oversight

The overall trial was sponsored by the Canadian 
Institutes of Health Research, and Conselho 
Nacional de Pesquisa sponsored the portion of 
the trial in Brazil. The manufacturers of the 
trial drugs did not provide the drugs for use in 
the trial and had no other role in the trial. The 
trial was approved by the biomedical clinical 
research ethics board at the McGill University 
Health Center and by the ethics review commit-
tee at each participating site. Parents or legal 
representatives of the children provided written 
informed consent, and children who were 7 years 
of age or older provided assent to participate. All 
the authors vouch for the accuracy and com-
pleteness of the analyses and data reported and 
for the adherence of the trial to the protocol.

Statistical Analysis

We determined that the enrollment of 411 chil-
dren in each group would provide the trial with 
a power of 80% to detect the noninferiority of 
rifampin, as compared with isoniazid, with re-
spect to adverse events that resulted in the per-
manent discontinuation of a trial drug (primary 
outcome), assuming a 6% rate of adverse events 
with isoniazid and a maximum between-group 
difference of 5 percentage points. The expected 
rate of adverse events was estimated from the 
frequency of such events among adults receiving 
9 months of isoniazid, as we reported previous-
ly.12 This number of participants also provided a 
power of more than 80% to detect a difference 
of 10 percentage points favoring rifampin in the 
rate of completion of treatment, on the assump-
tion that 60% of the children would complete 
9 months of treatment with isoniazid. Sample-
size estimates were adjusted to account for clus-
tering of children who were assigned to the same 
trial group in the same household.

The statistical analyses were performed with 
the use of SAS software, version 9.4 (SAS Insti-
tute), and were directed by the last author in a 
blinded manner until the analysis was finalized. 
The calculation of rates of active tuberculosis 
was based on the person-time of follow-up; chil-
dren who were lost to follow-up contributed to 
person-time until the last contact. Rate differ-

ences and their 95% confidence intervals were 
estimated with the use of generalized estimating 
equations on the basis of Poisson distribution, 
with a log link.22 The completion of treatment 
was calculated as a proportion, and differences in 
treatment-completion rates and risk differences 
for adverse events (with 95% confidence inter-
vals) were calculated with a binomial distribu-
tion with an identity link after adjustment for 
clustering in families with the use of general-
ized estimating equations. If no adverse events 
occurred, risk differences were estimated with 
the use of the method of Newcombe.23

R esult s

Trial Participants

From October 2011 through January 2014, we 
assessed 2176 potential participants under the 
age of 18 years. Of the 890 children who met 
the inclusion criteria, 46 (5.2%) declined to par-
ticipate, which left 844 who underwent random-
ization (Fig. 1). According to the protocol, 15 
young children were excluded from the trial after 
randomization because they had negative results 
on tuberculin skin testing 8 weeks after the end 
of household exposure to active tuberculosis and 
treatment was stopped. Of the 829 children who 
remained in the trial, 11 (1.3%) did not complete 
the 16-month follow-up after randomization.

The characteristics of the children were simi-
lar in the two groups (Table 1). The mean doses 
of the two trial drugs were higher in the younger 
age groups. Of all the participants, 128 were 
under 5 years of age, and 79 were under 2 years 
of age. No children who were infected with the 
human immunodeficiency virus (HIV) were en-
rolled.

Treatment Completion

The rate of overall treatment completion was sig-
nificantly higher among children in the rifampin 
group than among those in the isoniazid group 
(adjusted difference, 13.4 percentage points; 95% 
confidence interval [CI], 7.5 to 19.3) (Table  2). 
The numbers of doses of each drug that were 
administered were based on pill counts at 90.9% 
of all visits. The most common reason for not 
completing the trial therapy was a decision of 
the children or their parents to stop the trial 
drug early.
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Adverse Events

One death associated with a traffic accident oc-
curred in the rifampin group, and one preg-
nancy occurred in the isoniazid group (Table 3). 
No events of grades 1 through 5 were attributed 
to either trial drug. To account for the longer 
treatment period and more numerous follow-up 
visits in the isoniazid group, we estimated the 
average percentage of visits in which minor 
symptoms such as stomach upset, poor appetite, 
or fatigue were reported. Among the children 
who returned for at least one visit, there was 
no significant between-group difference in the 
percentage who reported minor symptoms 
(Table 3).

Treatment Efficacy

Among the children in the rifampin group, no 
cases of active tuberculosis were diagnosed dur-
ing a total of 562 person-years of follow-up, as 
compared with 2 cases in 542 person-years of 
follow-up in the isoniazid group (rate difference; 
−0.37 cases per 100 person-years; 95% CI, −0.88 
to 0.14) (Table S2 in the Supplementary Appen-
dix). The diagnosis was confirmed with culture 
in one child and with nucleic acid amplification 
testing in the other (no cultures available). One 
case occurred in a child who had completed 
9 months of isoniazid, which corresponded to a 
rate of 0.24 (95% CI, 0.03 to 1.71) per 100 person-
years, and 1 occurred in a child who had not 

Figure 1. Enrollment and Outcomes.

TST denotes tuberculin skin test.

844 Underwent randomization
(intention-to-treat population)

2176 Patients were assessed for eligibility

1332 Were excluded
1286 Did not meet eligibility criteria

46 Declined to participate

428 Were assigned to receive rifampin
6 Were excluded per protocol (TST-negative)

360 Received at least 80% of doses
within allowed time (per
protocol)
2 Were lost to follow-up

(0.8 person-yr)
358 Completed follow-up

(479.5 person-yr)

311 Received at least 80% of doses
within allowed time (per
protocol)
5 Were lost to follow-up

(5.4 person-yr)
305 Completed follow-up

(408.0 person-yr)
1 Had confirmed active

tuberculosis (1.2 person-yr)

62 Did not complete therapy for any
reason or within allowed time

3 Were lost to follow-up
(1.3 person-yr)

59 Completed follow-up
(80.2 person-yr)

96 Did not complete therapy for any
reason or within allowed time

1 Was lost to follow-up
(0.9 person-yr)

94 Completed follow-up
(126.4 person-yr)

1 Had confirmed active
tuberculosis (1.2 person-yr)

416 Were assigned to receive isoniazid
9 Were excluded per protocol (TST-negative)

422 Were included in modified intention-to-
treat population
1 Died

10 Withdrew before start of treatment
46 Withdrew for personal reasons

365 Completed treatment (receipt of ≥80%
of doses) 

407 Were included in modified intention-to-
treat population
1 Withdrew because of adverse event

14 Withdrew before start of treatment
78 Withdrew for personal reasons

314 Completed treatment (receipt of ≥80%
of doses) 
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completed such therapy, which corresponded 
to a rate of 0.78 (95% CI, 0.11 to 5.52) per 100 
person-years. The latter child had received less 
than 10% of the assigned doses of isoniazid and 
was found to have isoniazid-resistant tuberculo-
sis more than 9 months after stopping the drug. 
This child was a household contact of an index 
patient in whom tuberculosis had been diagnosed 
on the basis of smear microscopy in a setting in 

which cultures and drug-susceptibility testing 
were not routinely performed, so such results were 
not available.

Discussion

In this trial, 829 children were randomly assigned 
to receive isoniazid for 9 months or rifampin for 
4 months, with drugs administered by the par-

Characteristic
Rifampin 
(N = 422)

Isoniazid 
(N = 407)

All Participants 
(N = 829)

Age

Median (IQR) — yr 10.5 (6.0–13.5) 10.3 (5.9–14.0) 10.2 (6.0–13.8)

Age group — no. (%)

0–4 yr 66 (15.6) 62 (15.2) 128 (15.4)

5–12 yr 212 (50.2) 188 (46.2) 400 (48.3)

13–17 yr 144 (34.1) 157 (38.6) 301 (36.3)

Male sex — no. (%) 215 (50.9) 197 (48.4) 412 (49.7)

Trial center — no. (%)

Australia 5 (1.2) 1 (0.2) 6 (0.7)

Benin 142 (33.6) 143 (35.1) 285 (34.4)

Brazil 64 (15.2) 54 (13.3) 118 (14.2)

Canada 15 (3.6) 11 (2.7) 26 (3.1)

Ghana 59 (14.0) 59 (14.5) 118 (14.2)

Guinea 62 (14.7) 66 (16.2) 128 (15.4)

Indonesia 75 (17.8) 73 (17.9) 148 (17.9)

Median height (IQR) — m 1.3 (1.1–1.5) 1.3 (1.1–1.5) 1.3 (1.1–1.5)

Median weight (IQR) — kg† 27.3 (18.0–42.0) 29.0 (18.0–42.8) 28.0 (18.0–42.0)

Median body-mass index (IQR)‡ 16.0 (14.3–18.4) 16.0 (14.6–18.7) 16.0 (14.4–18.5)

Reaction size on tuberculin skin test — no. (%)

<5 mm§ 25 (5.9) 20 (4.9) 45 (5.4)

5–10 mm 64 (15.2) 45 (11.1) 109 (13.1)

11–14 mm 158 (37.4) 162 (39.8) 320 (38.6)

≥15 mm 175 (41.5) 180 (44.2) 355 (42.8)

Result on chest radiography

Normal 386 (91.5) 381 (93.6) 767 (92.5)

Abnormality not related to tuberculosis 26 (6.2) 16 (3.9) 42 (5.1)

Hilar lymph node 7 (1.7) 7 (1.7) 14 (1.7)

Other possible tuberculosis-related abnormality¶ 3 (0.7) 3 (0.7) 6 (0.7)

Reasons for eligibility

Household contact of patient with tuberculosis 416 (98.6) 401 (98.5) 817 (98.6)

HIV infection‖ 0 0 0

Measure of >15 mm on the tuberculin skin test 
and residence in high-transmission country

6 (1.4) 6 (1.5) 12 (1.4)

Table 1. Characteristics of the Participants at Baseline.*
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ticipants or their caretakers. Of these children, 
79 were under the age of 2 years, an age group 
with the highest risk of life-threatening tubercu-
losis disease. No significant safety concerns were 
identified with either regimen, but the rifampin 
group had better treatment-completion rates.

No adverse event resulting in the permanent 
discontinuation of a trial drug occurred in either 
group. This rate was much lower than expected 
on the basis of experience with the same regi-
mens in adults.12-15 However, this result is simi-
lar to the finding in a recent trial in which no 
serious adverse event developed in any of the 
children who received 3 months of once-weekly 
isoniazid plus rifapentine,18 whereas in a large-
scale trial involving adults receiving the same 
regimen, 6% had grade 3 or 4 adverse events, 
and 5% discontinued treatment.17 Although the 
occurrence of adverse events in the isoniazid 
group was much lower than predicted, we can 
still conclude that 4 months of rifampin was not 
inferior to 9 months of isoniazid with respect to 
safety, given that the upper limit of the 95% 
confidence interval of the rate difference (0.7 
percentage points) was below the prespecified 
maximal difference of 5 percentage points. In 
addition, the two regimens were associated with 
similarly low rates of minor symptoms, a finding 
that was consistent with the results reported by 
Lardizabal et al.15 However, these two findings 

differed from the results reported by Fresard 
et al.,24 who found that patients who received 
4 months of rifampin had a significantly greater 
frequency of gastrointestinal symptoms, asthenia, 
transient cutaneous reactions, and neurologic 
symptoms than those who received 6 months of 
isoniazid, although treatment was not stopped 
because of these symptoms.

One possible explanation for the low fre-
quency of adverse events and few side effects is 
that actual drug exposure in this population was 
too low. In this trial, we followed new WHO 
age-based dose recommendations, with the high-
est doses in the drug ranges administered to very 
young children. Such doses should have been 
adequate to achieve the target serum concentra-
tions of rifampin.25 However, recent pharmaco-
kinetic studies26,27 have shown that even with 
doses in the recommended range of 10 to 20 mg 
of rifampin per kilogram, the desired targets for 
serum concentration may not be achieved in very 
young children who are being treated for active 
tuberculosis. In these recent studies, rifampin 
was administered in fixed-dose combination for-
mats, and it is possible that serum concentrations 
would be higher when single-drug formulations 
were used for latent tuberculosis infection. It is 
clear that further studies of the pharmacoki-
netic activity of rifampin in this age group are 
needed.

Characteristic
Rifampin 
(N = 422)

Isoniazid 
(N = 407)

All Participants 
(N = 829)

Children with ≥1 sibling in trial — no. (%) 155 (36.7) 188 (46.2) 343 (41.4)

Median dose of trial drug (IQR) — mg/kg/day

All ages 16.3 (14.3–19.9) 10.3 (7.1–11.5) NA

Age 0–4 yr 18.8 (16.7–20.5)   12.5 (11.1–13.3) NA

Age 5–12 yr 16.7 (15.8–18.0)   10.9 (10.3–11.8) NA

Age 13–17 yr 13.1 (11.1–15.4) 6.7 (5.7–7.7) NA

*	�All the analyses were performed in the modified intention-to-treat population, which included all the children who had undergone random-
ization, except for those under the age of 5 years who had negative results on the tuberculin skin test (<5 mm) both at the time of screening 
and on a second test performed 8 weeks after the end of household exposure to active tuberculosis if the provider made the decision to stop 
treatment. There were no significant differences between the groups except for the number of children who had one or more siblings en-
rolled in the trial (P = 0.006). Percentages may not total 100 because of rounding. HIV denotes human immunodeficiency virus, IQR inter-
quartile range, and NA not applicable.

†	�The dose of the trial drug was increased in 26 children (3.1%) because of an increase in weight.
‡	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	� All the children who had a tuberculin skin test measuring 0 to 4 mm were under the age of 5 years (median age, 2.4 years; IQR, 1.0 to 3.4).
¶	�Children with abnormal results on chest radiography that were considered to be suspicious for tuberculosis underwent sputum examination. 

If the results were negative, they were enrolled.
‖	�Although children with HIV coinfection were eligible to participate in the trial, no such participants were enrolled.

Table 1. (Continued.)
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In our trial, the completion rate in the rifampin 
group was significantly higher than the rate in 
the isoniazid group, a finding that was consis-
tent with the results of two randomized trials 
involving adults,12,14 one observational study in-
volving children,28 and several observational stud-
ies involving adults.13,15,29 Other trials have shown 
higher completion rates with rifamycin-contain-
ing regimens than with 9 months of isoniazid. 
In one trial, 88% of the children who were as-
signed to receive 3 months of once-weekly iso-
niazid plus rifapentine completed therapy, as 
compared with 81% of those assigned to receive 
9 months of isoniazid.18 In another trial, children 
who were assigned to receive isoniazid plus ri-
fampin for 3 to 4 months had higher completion 
rates than those assigned to receive 9 months of 
isoniazid.30

Although the only cases of active tuberculosis 
were diagnosed in the isoniazid group, we can-
not conclude that 4 months of rifampin was ei-
ther superior or noninferior to 9 months of iso-
niazid for the prevention of active tuberculosis. 
However, since there were no cases of active tu-
berculosis in the rifampin group in our trial or 
among 434 children who received 3 months of 

once-weekly isoniazid plus rifapentine in another 
trial,18 we suggest that these shorter rifamycin-
containing regimens are effective. The likely effi-
cacy of 4 months of rifampin in children is also 
supported by the results of the companion trial 
involving adults, especially since the same trial 
procedures were followed, and adults and chil-
dren were enrolled at the same trial centers.19

Our trial has several strengths. These factors 
include the randomized design, with complete 
follow-up of more than 98% of the participants 
in the modified intention-to-treat population. The 
sample size was large for a pediatric trial of treat-
ments for latent tuberculosis infection, which 
fills an important knowledge gap concerning 
safety, side-effect profile, and adherence to the 
rifampin regimen in children, for whom study 
data are limited.13,15,28 Our trial included children 
from high-income countries as well as those 
from low- and middle-income countries, which 
enhances the generalizability of our results. The 
two trial drugs were administered daily without 
direct supervision, in contrast to trials in which 
isoniazid was administered without direct super-
vision daily but the isoniazid-plus-rifapentine 
combination was administered weekly under 

Variable
Rifampin 
(N = 422)

Isoniazid 
(N = 407)

All Participants 
(N = 829)

Adjusted Difference 
(95% CI)*

number (percent) percentage points

Treatment completed: ≥80% of doses 365 (86.5) 314 (77.1) 679 (81.9) 13.6 (7.9 to 19.3)

Treatment completed within allowed time:  
per protocol

360 (85.3) 311 (76.4) 671 (80.9) 13.4 (7.5 to 19.3)

Received 80–89% of doses 7 (1.7) 8 (2.0) 15 (1.8)

Received 90–100% of doses 353 (83.6) 303 (74.4) 656 (79.1)

Treatment completed but not within time 
allowed per protocol

5 (1.2) 3 (0.7) 8 (1.0)

Treatment not completed 57 (13.5) 93 (22.9) 150 (18.1)

Death 1 (0.2) 0 1 (0.1)

Pregnancy 0 1 (0.2) 1 (0.1)

Treatment never started per participant 
decision

10 (2.4) 14 (3.4) 24 (2.9)

Treatment started but stopped early 
per participant decision

46 (10.9) 78 (19.2) 124 (15.0) −11.9 (−17.3 to −6.6)

Received 50–79% of doses 22 (5.2) 24 (5.9) 46 (5.5)

Received 1–49% of doses 24 (5.7) 54 (13.3) 78 (9.4)

*	�The difference in treatment-completion rates was calculated as the percentage in the rifampin group minus the percentage in the isoniazid 
group after adjustment for family clustering with the use of generalized estimating equations. P<0.001 for all the listed comparisons.

Table 2. Completion of Treatment.
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direct supervision.17,18,31,32 Therefore, measures of 
completion rates were not confounded by differ-
ent modes of administration, and our results 
should be applicable in settings in which di-
rectly observed treatment is not available.

The main limitation of the trial was its open-
label design, which may introduce bias, particu-
larly for the ascertainment of completion or ad-
verse events. However, such a design has been 

used in all other trials of the shorter rifamycin-
based regimens,17,18,31,32 simply because the short-
er duration is one of the major advantages of 
these regimens. To reduce the risk of bias in 
ascertaining and reporting outcomes, all adverse 
events and active cases of tuberculosis were ad-
judicated by independent panels in a blinded 
manner. We also enrolled only 128 children under 
the age of 5 years and no HIV-infected children, 

Adverse Event
Rifampin 
(N = 422)

Isoniazid 
(N = 407)

All Participants 
(N = 829)

Adjusted Risk 
Difference 
(95% CI)†

percentage points

Serious adverse event‡

Resulted in discontinuation of a trial drug (cause)  
— no.

1 (death from 
traffic accident)

1 (pregnancy) 2 0.0 (−0.6 to 0.7)

Was attributed to a trial drug and resulted in 
discontinuation — no.§

0 0 0 0.0 (−0.1 to 0.1)

Occurred during first 22 wk after randomization  
and resulted in discontinuation — no.

1 0 1 0.2 (−0.2 to 0.7)

Minor adverse event¶

As determined at ≥1 follow-up visit — no. (%)

No 26 (6.2) 25 (6.1) 51 (6.2)

Yes 396 (93.8) 382 (93.9) 778 (93.8)

No minor symptom 376 (89.1) 330 (81.1) 706 (85.2)

≥1 minor symptom 20 (4.7) 52 (12.8) 72 (8.7)

Percentage of visits during follow-up when a minor 
symptom was reported

Any minor symptom‖** 8.1±20.3 8.5±18.9 8.3±19.6 −0.3 (−3.3 to 2.7)

Minor symptom that may have been related to a trial 
drug**††

4.4±14.5 4.2±11.1 4.3±13.0 0.3 (−1.7 to 2.4)

Minor skin problem 1.2±9.6 1.3±6.2 1.3±8.1

Minor gastrointestinal symptom 1.6±9.5 1.5±6.1 1.6±8.0

Minor neurologic symptom 0.1±1.7 0.1±1.0 0.1±1.4

Another minor symptom that may have been related  
to a trial drug‡‡

2.2±9.3 1.8±7.4 2.0±8.4

*	� Plus–minus values are means ±SD.
†	� The risk difference was calculated as the value in the rifampin group minus the value in the isoniazid group after adjustment for family 

clustering with the use of generalized estimating equations.
‡	� A serious adverse event was defined as an event of any severity (grade 1 to 5) that was associated with permanent discontinuation of a trial 

drug. Such events were judged in terms of type, severity, and relationship to a trial drug by an independent three-member adverse-events 
panel in a blinded fashion.

§	� This category was the primary outcome of the trial. The risk difference was estimated with the use of the method of Newcombe.23

¶	� A minor adverse event was defined as one that did not result in the discontinuation of a trial drug.
‖	� Minor symptoms included fever or night sweats, weight loss, sputum, cough, skin problems, gastrointestinal problems, and neurologic 

problems.
**	� This was a secondary outcome of the study.
††	� This category included minor symptoms with the exclusion of fever or night sweats, weight loss, sputum, and cough.
‡‡	� This category included headache (in 16 participants), rhinitis (in 13), oral problem (in 5), fatigue (in 5), and other more infrequent symp-

toms (in 30).

Table 3. Adverse Events.*
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which reduces the potential applicability of our 
findings in these higher-risk populations.

In conclusion, in children with latent tuber-
culosis, a regimen of 4 months of rifampin had 
better rates of completion than 9 months of 
isoniazid, with similar safety profiles in the two 
trial groups. Rifampin has the advantage of be-
ing a single-drug regimen with existing palat-
able formulations for children.
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