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infection tuberculeuse latente 
90-95 % 

TB maladie 5-10 % 

INFECTION TUBERCULEUSE LATENTE (ITL)  
= LE RÉSERVOIR DE TUBERCULOSE 
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Eur Respir J, 2009!
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viduals with reversion had a lower TB response, closer to the assay
cutoff, than individuals whose results remained positive with in-
cubation delay.

Incubation delay also has a negative effect on test results
through reducing the mitogen response in the QFT assay and in-
creasing the rate of indeterminate results (29, 32, 33). Other pre-
analytical variables shown to impact QFT results include blood
volume and tube shaking. Gaur and colleagues showed an inverse
relationship between blood volume in the TB antigen tube, within
the recommended range, and IFN-! response (34). Compared to
0.8 ml blood, 1.0 and 1.2 ml blood resulted in significant declines
in TB-specific IFN-! responses in the infected subjects, and 1.2 ml
resulted in a significant decrease in the proportion of positive
results. Vigorous shaking also caused a significant increase in
IFN-! response in the nil and TB antigen tubes and caused a
significant elevation in TB response when vigorously shaken TB
antigen tubes were paired with gently shaken nil tubes (34). In the
same study, duration of incubation within the recommended
range was not shown to be a source of variability in the infected
group (34), but this may not be consistent with a similar study that
did show that 24 h of incubation led to a higher TB-specific IFN-!
response than that with 16 h of incubation (35). Variation in the
timing of blood collection (evening versus morning) may also
introduce variability into test results, but the mechanism is
unclear (36). While the reproducibility of the QFT assay is
reasonably well studied, many of the above considerations also
apply to the T-SPOT.TB assay.

Analytical Sources of Variability

The analytical sources of variability refer to fluctuations in mea-
surements due to random errors caused by interference of uncon-
trolled factors in biological fluids (matrix effects), imprecision of
pipetting, manipulation errors in centrifugation, decantation, and
washing, and the imprecision of measurement of the final signal.
Unlike preanalytical sources of variability, which are mostly sys-
tematic and therefore predictable, the analytical sources are
mostly random and persist despite extensive efforts to improve
the analytical reproducibility.

Indeed, studies such as that of Metcalfe and colleagues (37) have
shown considerable within-run and between-run variabilities in
the quantitative results, producing discordant results when TB
responses are close to the assay cutoff (37). Whitworth and col-
leagues showed variability in QFT results from the same subjects
when ELISAs were performed in different laboratories (38). Ana-
lytical error originating from interreader variability has also been
investigated, though it appears to be a problem primarily with the
T-SPOT.TB assay, not the QFT assay (39).

Immunological Sources of Variability

The two immunological sources of variability described to date
include immune boosting and immunomodulation. Van Zyl-
Smit and colleagues showed that a significant increase in TB re-
sponse occurs when QFT and T-SPOT.TB testing is performed
more than 3 days after PPD placement, through immunological

FIG 3 Sources of variability in the QuantiFERON-TB Gold In-Tube assay.
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SUMMARY
Identification and treatment of latent tuberculosis infection
(LTBI) can substantially reduce the risk of developing active dis-
ease. However, there is no diagnostic gold standard for LTBI. Two
tests are available for identification of LTBI: the tuberculin skin
test (TST) and the gamma interferon (IFN-!) release assay
(IGRA). Evidence suggests that both TST and IGRA are acceptable
but imperfect tests. They represent indirect markers of Mycobac-
terium tuberculosis exposure and indicate a cellular immune re-
sponse to M. tuberculosis. Neither test can accurately differentiate
between LTBI and active TB, distinguish reactivation from rein-
fection, or resolve the various stages within the spectrum of M.
tuberculosis infection. Both TST and IGRA have reduced sensitiv-
ity in immunocompromised patients and have low predictive
value for progression to active TB. To maximize the positive pre-
dictive value of existing tests, LTBI screening should be reserved
for those who are at sufficiently high risk of progressing to disease.
Such high-risk individuals may be identifiable by using multivari-
able risk prediction models that incorporate test results with risk
factors and using serial testing to resolve underlying phenotypes.

In the longer term, basic research is necessary to identify highly
predictive biomarkers.

INTRODUCTION

Globally, tuberculosis (TB) continues to be a major public
health threat, causing an estimated 8.6 million new cases and

1.3 million deaths from TB in 2012 (1). In most individuals, initial
Mycobacterium tuberculosis infection is eliminated or contained
by host defenses, and infection remains latent. Although latency
and active (i.e., symptomatic, infectious) TB disease are likely part
of a dynamic spectrum (Fig. 1) (2, 3), persons with latent TB
infection (LTBI) are classically considered to be asymptomatic
and not infectious. However, latent TB bacilli may remain viable
and “reactivate” later to cause active TB disease. Identification and
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SUMMARY
Identification and treatment of latent tuberculosis infection
(LTBI) can substantially reduce the risk of developing active dis-
ease. However, there is no diagnostic gold standard for LTBI. Two
tests are available for identification of LTBI: the tuberculin skin
test (TST) and the gamma interferon (IFN-!) release assay
(IGRA). Evidence suggests that both TST and IGRA are acceptable
but imperfect tests. They represent indirect markers of Mycobac-
terium tuberculosis exposure and indicate a cellular immune re-
sponse to M. tuberculosis. Neither test can accurately differentiate
between LTBI and active TB, distinguish reactivation from rein-
fection, or resolve the various stages within the spectrum of M.
tuberculosis infection. Both TST and IGRA have reduced sensitiv-
ity in immunocompromised patients and have low predictive
value for progression to active TB. To maximize the positive pre-
dictive value of existing tests, LTBI screening should be reserved
for those who are at sufficiently high risk of progressing to disease.
Such high-risk individuals may be identifiable by using multivari-
able risk prediction models that incorporate test results with risk
factors and using serial testing to resolve underlying phenotypes.

In the longer term, basic research is necessary to identify highly
predictive biomarkers.

INTRODUCTION

Globally, tuberculosis (TB) continues to be a major public
health threat, causing an estimated 8.6 million new cases and

1.3 million deaths from TB in 2012 (1). In most individuals, initial
Mycobacterium tuberculosis infection is eliminated or contained
by host defenses, and infection remains latent. Although latency
and active (i.e., symptomatic, infectious) TB disease are likely part
of a dynamic spectrum (Fig. 1) (2, 3), persons with latent TB
infection (LTBI) are classically considered to be asymptomatic
and not infectious. However, latent TB bacilli may remain viable
and “reactivate” later to cause active TB disease. Identification and
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have two groups of participants with different immune
status (Kim et al., 2009b), the pooled sensitivity increased
to 63% (95% CI 54–72%, I2 = 57.8%, P = 0.07; Fig. 4a),
heterogeneity of sensitivity decreased and pooled specific-
ity decreased to 68% (95% CI 60–75%, I2 = 73.6%,
P = 0.01, Fig. 4b), indicating the immunocompromised
status of participants may affect the diagnostic sensitivity
of TST.

Multiple regression analysis

Table 3 assesses the potential effect of immunosuppres-
sive status and different study designs on diagnostic accu-
racy of IGRAs using metaregression analysis. Table 3
demonstrates that factors such as immunosuppressive sta-
tus, blinded design, cross-sectional design and consecutive
did not affect the diagnostic accuracy of IGRAs for EPTB
(all P values non-significant).

Discussion

EPTB is difficult to diagnose because of its atypical
clinical presentation and low rate of culture positivity.
Pathological diagnosis usually requires invasive surgical
procedures, which are expensive and traumatic for
patients. New immunodiagnostic IGRAs are required to
efficiently diagnose EPTB. However, in this meta-analysis,
the data showed that neither ELISA-based IGRAs nor
ELISPOT-based IGRAs can provide enough sensitivity
and specificity for the diagnosis of EPTB, especially for
patients in low/middle-income countries which have high
TB burdens; this is in agreement with other researchers

(Metcalfe et al., 2010; Rangaka et al., 2012). As it is well
known that IGRAs cannot separate TB infection from
active TB disease, it may explain the poor specificity of
IGRAs in distinguishing EPTB from latent TB infection
and other diseases.

Four important messages may be derived from this
meta-analysis (1) the sensitivity of QFT-G or GIT in
high-income countries was much higher than that in low/
middle-income countries, but it is still not high enough
to screen for EPTB; (2) the sensitivity of QFT-G/GIT or
specificities of QFT-G/GIT and T-SPOT.TB were very low
in low/middle-income countries; (3) in high-income
countries both T-SPOT.TB and QFT-G/GIT had advanta-
ges over screening for EPTB than TST; and (4) immuno-
suppressive status of patients does not affect the
diagnostic accuracy of IGRAs for EPTB.

Regarding diagnosis of culture-confirmed EPTB, the
overall sensitivity of T-SPOT.TB (90%) was higher than
that of QFT-G or GIT (72%); the sensitivity of T-SPOT.
TB was similar in high- and low/middle-income countries
while the sensitivity of QFT-G or GIT in high-income
countries was obviously higher (79%) than that (29%) in
low/middle-income countries. This demonstrates that
T-SPOT was superior to QFT-G or GIT in diagnostic
sensitivity for EPTB, in agreement with another meta-
analysis of IGRAs for latent TB infection (Pai et al.,
2008). However, a meta-analysis of IGRAs in the diagno-
sis of active TB in HIV-positive patients (Chen et al.,
2011) showed different results, with similar sensitivity of
QFT-GIT and T-SPOT (76.7% and 77.4%, respectively).
We conjectured that the different analysis results may
result from different groups of participants in different

(a)

(b)

Fig. 4. Forest plot of estimate of sensitivity (a) and specificity (b) of TST from four studies in high-income countries.
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Abstract

Interferon -gamma release assays (IGRAs) provide a new diagnostic method
for Mycobacterium tuberculosis (TB) infection. However, the diagnostic value
of IGRAs for extrapulmonary TB (EPTB) has not been clarified. We searched
several databases and selected papers with strict inclusion criteria, evaluated the
evidence of commercially available IGRAs (QuantiFERON®-TB Gold QFT-G
or QFT-GIT and T-SPOT®.TB) on blood and the tuberculin skin test (TST)
using random effects models. Twenty studies with 1711 patients were included.
After excluding indeterminate results, pooled sensitivity for the diagnosis of
EPTB was 72% [95% confidence interval (CI) 65–79%] for QFT-G or GIT and
90% (95% CI, 86–93%) for T-SPOT; in high-income countries the sensitivity
of QFT-G or GIT (79%, 95% CI 72–86%) was much higher than that (29%,
95% CI 14–48%) in low/middle-income countries. Pooled specificity for EPTB
was 82% (95% CI 78–87%) for QFT-G or GIT and 68% (95% CI 64–73%) for
T-SPOT. Pooled sensitivity of TST from four studies in high-income countries
was lower than that of IGRAs. T-SPOT was more sensitive in detecting EPTB
than QFT-G or GIT and TST. However, both IGRAs and TST have similar
specificity for EPTB. IGRAs have limited value as diagnostic tools to screen
and rule out EPTB, especially in low/middle-income countries. The immune
status of patients does not affect the diagnostic accuracy of IGRAs for EPTB.

Introduction

Extrapulmonary tuberculosis (EPTB) remains a serious
problem, with an estimated 9.4 million TB cases worldwide
in 2009 (Lawn & Zumia, 2011). Moreover, the HIV epi-
demic altered the proportion of EPTB among TB patients,
increasing new EPTB infection to over 15% of total TB
cases (Small et al., 1991). EPTB mainly includes tubercu-
lous lymphadenitis, pleural TB, skeletal TB, central nervous
system TB, abdominal TB, genitourinary TB, tuberculous
pericarditis, etc. (Golden & Vikram, 2005). Early diagnosis
of EPTB is essential for further treatment and control of
this infectious disease. However, low bacterium detection
rate and difficult access to pathological evidence make the
diagnosis of EPTB more elusive than pulmonary TB.

Interferon-gamma release assays (IGRAs) are new
immunologic diagnostic tools for TB based on detection

of a T-cell immune response to the TB antigens, which
include early secretary antigen target (ESAT-6), culture
filtrate protein (CFP-10) and a third antigen, TB7.7
(included in the newer version of the QTF Gold test
in vitro). ESAT-6, CFP-10 and TB7.7 are encoded by
genes in the region of difference-1 (RD1) which is present
in Mycobacterium tuberculosis but absent in Myobacterium
bovis Bacilli Calmette-Guérin (BCG) and most nontuber-
culous mycobacteria (NTM), and these antigens had been
shown to be more specific in the diagnosis of TB than
others (Pai et al., 2004; Goletti et al., 2006). At the time
of writing, two commercial IGRAs are available: the
enzyme-linked immunosorbent assay (ELISA)-based
QuantiFERON-TB® Gold in-tube assay (QFT-GIT) and
its predecessor the QuantiFERON®-TB Gold (QFT-G)
test (Cellestis Ltd, Carnegie, Vic., Australia) in which
interferon-gamma (IFN-c) is measured quantitatively by
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increasing new EPTB infection to over 15% of total TB
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filtrate protein (CFP-10) and a third antigen, TB7.7
(included in the newer version of the QTF Gold test
in vitro). ESAT-6, CFP-10 and TB7.7 are encoded by
genes in the region of difference-1 (RD1) which is present
in Mycobacterium tuberculosis but absent in Myobacterium
bovis Bacilli Calmette-Guérin (BCG) and most nontuber-
culous mycobacteria (NTM), and these antigens had been
shown to be more specific in the diagnosis of TB than
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Abstract

Background: Interferon-gamma release assays (IGRAs) have provided a new method for the diagnosis of Mycobacterium
tuberculosis infection. However, the role of IGRAs for the diagnosis of active tuberculosis (TB), especially in HIV-infected
patients remains unclear.

Methods: We searched PubMed, EMBASE and Cochrane databases to identify studies published in January 2001–July 2011
that evaluated the evidence of using QuantiFERON-TB Gold in-tube (QFT-GIT) and T-SPOT.TB (T-SPOT) on blood for the
diagnosis of active TB in HIV-infected patients.

Results: The search identified 16 eligible studies that included 2801 HIV-infected individuals (637 culture confirmed TB
cases). The pooled sensitivity for the diagnosis of active TB was 76.7% (95%CI, 71.6–80.5%) and 77.4% (95%CI, 71.4–82.6%)
for QFT-GIT and T-SPOT, respectively, while the specificity was 76.1% (95%CI, 74.0–78.0%) and 63.1% (95%CI, 57.6–68.3%)
after excluding the indeterminate results. Studies conducted in low/middle income countries showed slightly lower
sensitivity and specificity when compared to that in high-income countries. The proportion of indeterminate results was as
high as 10% (95%CI, 8.8–11.3%) and 13.2% (95%CI, 10.6–16.0%) for QFT-GIT and T-SPOT, respectively.

Conclusion: IGRAs in their current formulations have limited accuracy in diagnosing active TB in HIV-infected patients, and
should not be used alone to rule out or rule in active TB cases in HIV-infected patients. Further modification is needed to
improve their accuracy.
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Introduction

Tuberculosis (TB) is the most prevalent opportunistic infection
disease and the leading killer in HIV-infected patients. In 2009,
there were an estimated 1.1 million new TB incident cases and 0.4
million TB deaths among HIV positive patients, respectively [1].

Early diagnosis of TB in HIV-infected patients is of great
importance. However, the gold standard for TB diagnosis remains
the detection of Mycobacterium tuberculosis by culture, which is time
consuming. Although the presence of acid-fast bacilli (AFB) in
smear result in any specimen (sputum, needle aspirate, tissue
biopsy) represents some form of mycobacterial disease but does not
always represent TB. Moreover, diagnosis and treatment decisions
may be difficult in cases with clinical suspicion of TB and negative
AFB smear result in any specimen, as smear-positivity can be as
low as 20% in HIV-infected patients [2]. In addition, the clinical
and radiographical signs are often atypical, which further hampers
TB diagnosis [3,4,5,6].

The development of interferon gamma release assays (IGRAs)

offered a new tool for the diagnosis of M.tuberculosis infection.

IGRAs is based on the in vitro stimulation of peripheral blood T-

cells specific using the M.tuberculosis-specific antigens early

secretory antigenic target (ESAT)-6 and culture filtrate protein

(CFP)-10 which is encoded within the region of difference-1, a

region of genome absent in all Bacille de Calmette et Guerin

(BCG) strains and in most nontuberculous mycobacteria [7].The

presence of reactive T-cells is assessed by the induction of

interferon (IFN)-gamma. There are two commercially available

IGRAs currently - the ELISA-based QuantiFERON-TB Gold In

Tube test (QFT-GIT; Cellestis Limited, Australia) and the

ELISPOT-based T-SPOT.TB test (T-SPOT; Oxford Immunotec,

Abingdon, UK).
Since IGRAs can not distinguish active TB from latent TB

infection, and their performance might be impacted by the
immunosuppression in HIV infected patients, their roles in
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Introduction

Tuberculosis (TB) is the most prevalent opportunistic infection
disease and the leading killer in HIV-infected patients. In 2009,
there were an estimated 1.1 million new TB incident cases and 0.4
million TB deaths among HIV positive patients, respectively [1].

Early diagnosis of TB in HIV-infected patients is of great
importance. However, the gold standard for TB diagnosis remains
the detection of Mycobacterium tuberculosis by culture, which is time
consuming. Although the presence of acid-fast bacilli (AFB) in
smear result in any specimen (sputum, needle aspirate, tissue
biopsy) represents some form of mycobacterial disease but does not
always represent TB. Moreover, diagnosis and treatment decisions
may be difficult in cases with clinical suspicion of TB and negative
AFB smear result in any specimen, as smear-positivity can be as
low as 20% in HIV-infected patients [2]. In addition, the clinical
and radiographical signs are often atypical, which further hampers
TB diagnosis [3,4,5,6].

The development of interferon gamma release assays (IGRAs)

offered a new tool for the diagnosis of M.tuberculosis infection.

IGRAs is based on the in vitro stimulation of peripheral blood T-

cells specific using the M.tuberculosis-specific antigens early

secretory antigenic target (ESAT)-6 and culture filtrate protein

(CFP)-10 which is encoded within the region of difference-1, a

region of genome absent in all Bacille de Calmette et Guerin

(BCG) strains and in most nontuberculous mycobacteria [7].The

presence of reactive T-cells is assessed by the induction of

interferon (IFN)-gamma. There are two commercially available

IGRAs currently - the ELISA-based QuantiFERON-TB Gold In

Tube test (QFT-GIT; Cellestis Limited, Australia) and the

ELISPOT-based T-SPOT.TB test (T-SPOT; Oxford Immunotec,

Abingdon, UK).
Since IGRAs can not distinguish active TB from latent TB

infection, and their performance might be impacted by the
immunosuppression in HIV infected patients, their roles in
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distinguish latent TB infection and active TB in HIV-infected
patients.

The sensitivities of both IGRAs in diagnosis of active TB
increased after excluded indeterminate results in HIV-infected
patients. However, they were still not sensitive enough to rule out
active TB alone as they missed more than 20% patients. A recent
meta-analysis by Cattamanchi and colleagues showed the
sensitivities of QFT-GIT and T-SPOT in diagnosis of latent TB
infection in HIV-infected patients were 61% and 72% in low/
middle-income countries (indeterminate results included), respec-
tively when using active TB as a surrogate reference standard [31].
Another meta-analysis from Hoffmann and Ravn showed pooled
sensitivities of 79% and 80.5% for QFT-GIT and T-SPOT in

diagnosis of active TB after excluded indeterminate results
respectively [32]. The slight differences between our results and
theirs may be mainly because they also enrolled studies that active
TB cases were not confirmed by culture and results were not
interpreted according to manufacturer-recommended cut-off
value. The sensitivities of both IGRAs were higher in a recent
meta-analysis performed on general patients (a few studies also
included children and immunosuppressed patients; 81% and
87.5% in their meta-analysis versus 76.7% and 77.4% in ours for
QFT-GIT and T-SPOT, respectively after excluded indetermi-
nate results) [33]. Thus, HIV infection may impact the
performance of IGRAs, which is consistent with results from
others [17,23,34]. However, Tsiouris and colleagues showed no

Figure 2. Sensitivities of IGRAs. Forest plots of pooled sensitivity of QFT QFT-GIT (A) and T-SPOT (B). Date were calcaulated based on all studies
that reported sensitivity of IGRAs after excluding indeterminate results.
doi:10.1371/journal.pone.0026827.g002

IGRAs in HIV-Infected Patients Systematic Review

PLoS ONE | www.plosone.org 4 November 2011 | Volume 6 | Issue 11 | e26827

impact of HIV infection on IGRAs sensitivity which might be
explained by high proportion of active TB cases that under
treatment [35].

The pooled specificities of QFT-GIT, T-SPOT in this analysis
were as low as 75.9%, and 63.1%, respectively, indicating the poor
ability of IGRAs in distinguishing latent TB infection and active
TB. Apparently, the low specificity is due to the high latent TB
infection rate in our selected studies. This is mainly because the
most studies we enrolled were conducted in low/middle-income
countries with a high TB burden. The two studies from Italy and

Austria using QFT-GIT did showed relatively higher specificities.
However, the specificity of T-SPOT was also low in the trail
completed in Italy by Vincenti and colleagues. This may be due to
that nearly one third of non-active TB patients in this study were
from low/middle-income countries (i.e. South American and
African). Thus, IGRAs may potentially have an adjunctive role in
ruling in active TB in HIV-infected patients in high-income
countries, but it still needs further investigation.

The high proportion of indeterminate results of IGRAs in
HIV-infected patients further dampened their application. In

Figure 3. Specificities of IGRAs. Forest plots of pooled specificity of QFT-GIT (A) and T-SPOT (B). Date were calcaulated based on all studies that
reported specificity of IGRAs after excluding indeterminate results.
doi:10.1371/journal.pone.0026827.g003

IGRAs in HIV-Infected Patients Systematic Review

PLoS ONE | www.plosone.org 5 November 2011 | Volume 6 | Issue 11 | e26827



1. Le HCSP ne recommande pas les IGRAs pour le diagnostic 
de la tuberculose (TB) maladie hormis en cas de diagnostic 
difficile chez le jeune enfant 
 
2. Les IGRAs sont indiqués pour le diagnostic de l’infection 
tuberculeuse latente (ITL) dans les situations suivantes: 
•  enquête autour d’un cas de TB maladie 
•  sujets infectés par le VIH 
•  avant l’initiation d’un traitement par anti-TNFα"
•  personnels de santé 
•  migrants 
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Abstract

Rationale: IFN-g release assays (IGRAs) are alternatives to
tuberculin skin testing (TST) for diagnosis of latent tuberculosis
infection. Limited data suggest IGRAsmaynot performwell for serial
testing of healthcare workers (HCWs).

Objectives: Determine the performance characteristics of IGRAs
versus TST for serial testing of HCWs.

Methods: A longitudinal study involving 2,563 HCWs undergoing
occupational tuberculosis screening at four healthcare institutions in
theUnited States, where the average tuberculosis case rate ranged from
4 to 9 per 100,000 persons. QuantiFERON-TB Gold In-Tube (QFT-
GIT), T-SPOT.TB (T-SPOT), andTSTwere performed at baseline and
every6months for 18monthsbetweenFebruary2008andMarch2011.

Measurements and Main Results: A total of 2,418 HCWs
completed baseline testing, whichwas positive for 125 (5.2%) byTST,
118 (4.9%) by QFT-GIT, and 144 (6.0%) by T-SPOT. A baseline
positive TST with negative IGRAs was associated with bacillus
Calmette-Guérin (BCG) vaccination (odds ratio: 25.1 [95%
confidence interval: 15.5, 40.5] vs. no BCG). Proportions of
participants with test conversion during the study period were 138 of
2,263 (6.1%) for QFT-GIT, 177 of 2,137 (8.3%) for T-SPOT, and 21
of 2,293 (0.9%) for TST (P, 0.001 for QFT-GIT vs. TST and for
T-SPOT vs. TST; P = 0.005 for QFT-GIT vs. T-SPOT). Of the
QFT-GIT and T-SPOT converters, 81 of 106 (76.4%) and 91 of 118
(77.1%), respectively, were negative when retested 6 months later.
There was negative/positive discordance for 15 of 170 (8.8%)

participants byQFT-GIT and for 19 of 151 (12.6%) by T-SPOTwhen
blood was drawn 2 weeks later.

Conclusions:Most conversions among HCWs in low TB incidence
settings appear to be false positives, and these occurred six to nine
times more frequently with IGRAs than TST; repeat testing of
apparent converters is warranted.

Keywords: screening; QuantiFERON; T-SPOT.TB; false positive

At a Glance Commentary

Scientific Knowledge on the Subject: IFN-g release assays
(IGRAs) are alternatives to tuberculosis skin testing for the
diagnosis of latent tuberculosis infection. Healthcare workers
(HCWs) in the United States undergo periodic screening for
evidence of tuberculosis (TB) infection; however, little is
known about the performance of IGRAs in serial testing of
HCWs in low-incidence settings.

What This Study Adds to the Field: This large multicenter
study of HCWs undergoing TB screening at four healthcare
institutions in the United States documented that IGRAs are
associated with significantly higher conversion rates than the
tuberculin skin test and that these IGRA conversions appear to be
falsely positive. Furthermore, there is significant short- and long-
term variability of IGRA results. On the basis of the results of this
study, current HCW screening strategies should be reexamined.

Diagnosis and treatment of latent tuberculosis
infection (LTBI) are important components
of tuberculosis control in the United States
(1). Healthcare workers (HCWs) are an

important group for targeted LTBI testing (2).
Until recently, the only method for detecting
LTBI was the tuberculin skin test (TST). The
TST has limitations including low sensitivity,

a subjective end point, and results that can
be influenced by prior bacillus Calmette-
Guérin (BCG) vaccination or infection with
nontuberculous mycobacteria (3, 4). Despite
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75% of IGRA converters were negative on
testing 6 months later without treatment.
Among participants who had an isolated
positive IGRA at baseline, reversion rates
were high, but rates were relatively low
among the 30 triple-positive participants
who were more likely to have true LTBI.
The short-term variability substudies
provide further support for interpreting the
high IGRA conversion rates as false-
positive results. The frequency of negative-
to-positive discordance between tests
drawn 2 weeks apart and when two sets of
tests were drawn simultaneously was, in
both cases, more than 5% and was similar
to the IGRA conversion rates during serial
6-month testing. Last, almost half of
apparent new conversions by QFT-GIT
were not confirmed when the same plasma
sample was rerun by ELISA.

These findings suggest that the IGRA
specificity in U.S. HCWs at low risk for new
TB infection is less than the specificity
previously reported. Prior studies that
estimated the specificity compared QFT-
GIT or T-SPOT with TST at a single time
point in young adults with no identified risk

for TB exposure (28–33). A meta-analysis
reported that QFT-GIT specificity was
99% (95% CI, 98–100%) based on 512
individuals from 5 studies, and T-SPOT
specificity was 86% (95% CI, 81–90%)
based on 255 individuals in 3 studies (34).
Our study cohort included some
individuals from high-prevalence countries,
and thus the observed specificity would be
expected to be lower than in studies that
included only low-risk individuals.

We assessed whether any variables
would allow us to differentiate between
stable and transient conversions at the time
of the result. Variables related to TB
exposure and IGRA quantitative values were
evaluated but none were helpful at the
individual patient level. Overall, the inability
to predict whether a conversion will be
transient versus stable underscores the
difficulty faced by clinicians and patients in
assessing the future risk of TB disease, which
is needed to balance the risks and benefits
of LTBI treatment.

Possible reasons for short- and long-
term variability with both IGRAs include
factors that relate to the subject and those

that relate to the laboratory. One possible
explanation for the unexpectedly high
proportions of IGRA conversions is that
quantitatively small changes occurring
around a fixed cut point could result in
qualitative changes from negative to
positive, termed the “wobble” effect. As has
been observed by others (12, 15, 28, 29, 34),
we found that QFT-GIT variability and
conversions were more likely to occur in
individuals with initial values just below the
cut point. The expected within-subject
variability in the TB response of QFT-GIT
has been reported to be 60.60 IU/ml
when stimulated samples from the same
patient are tested twice and can affect the
qualitative result for tests near the cut point
(35). Some have suggested that the addition
of a “borderline zone” for QFT-GIT
similar to T-SPOT could help prevent
misclassification of these individuals (36).
Although this is true, individuals with
initial values close to the cut points
represented only a small proportion
(15–18%) of the overall converters in our
study, and we do not believe the borderline
zone is helpful clinically.

Table 3: Distribution of IFN-g Release Assay Quantitative Results at Baseline, and Conversions Stratified by Baseline
Quantitative Result

Baseline TB-nil
(IU/ml for
QFT-GIT; spots
for T-SPOT)

Participants
with Result

[n (% of Total)]

Participants
with Reversion
among Those

with at Least One
Follow-up Result
after Baseline
[n/Subtotal (%)]

Participants with
Conversion among
Those with at Least
One Follow-up Result

after Baseline
[n/Subtotal (%)]

Percentage of
All Conversions
[n/Subtotal (%)]

Participants Whose
Conversion Was “Transient,”

among Those with
at Least One Follow-up
Visit after Conversion

[n/Subtotal (%)]

QFT-GIT (n = 2,418)
,0.01 1,176 (48.6) — 52/1,129 (4.6)* 52/138 (37.7) 35/43 (81.4)†
0.01–0.19 1,024 (42.3) — 65/972 (6.7)* 65/138 (47.1) 35/46 (76.1)†
0.20–0.35 63 (2.6) — 21/62 (33.9)* 21/138 (15.2) 11/17 (64.7)†
0.36–0.49 29 (1.2) 28/29 (96.6)* N/A N/A N/A
0.50–0.69 23 (1.0) 16/23 (69.6)* N/A N/A N/A
0.70–0.99 13 (0.5) 7/13 (53.8)* N/A N/A N/A
1.00–2.99 23 (1.0) 12/23 (52.2)* N/A N/A N/A
3.001 30 (1.2) 4/30 (13.3)* N/A N/A N/A
Indeterminate 37 (1.5) N/A N/A N/A

T–SPOT (n = 2,418)
,1 1,309 (54.1) — 54/1,241 (4.4)* 54/177 (30.5) 31/34 (91.2)*
1–4 754 (31.2) — 92/727 (12.7)* 92/177 (52.0) 46/57 (80.7)*
5–7 74 (3.1) — 31/70 (44.3)* 31/177 (17.5) 14/27 (51.9)*
8 17 (0.7) 13/17 (76.5)* N/A N/A N/A
9 19 (0.8) 16/19 (84.2)* N/A N/A N/A
10 8 (0.3) 6/8 (75.0)* N/A N/A N/A
.10 100 (4.1) 56/100 (56.0)* N/A N/A N/A
Invalid or failed 137 (5.7) N/A N/A N/A

Definition of abbreviations: N/A = not applicable; QFT-GIT = QuantiFERON-TB Gold In-Tube test; TB = tuberculosis; T-SPOT = T-SPOT.TB test.
*P , 0.001 for trend; all trends assessed by logistic regression.
†P = 0.19 for trend; all trends assessed by logistic regression.
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In this prospective study, human immunodeficiency virus
type 1 (HIV-1)–infected subjects underwent QuantiFERON-
TB Gold In-Tube interferon-γ release assay (IGRA) testing
at baseline and after 24 months in a low tuberculosis inci-
dence country.

Concordant baseline and follow-up results were observed
in 86% (n = 686 of 794) of subjects. IGRA conversions oc-
curred in 9% (n = 63 of 718), whereas IGRA reversions were
seen in 33% (n = 25 of 76) of individuals. Of the 10 active tu-
berculosis cases during follow-up, 5 had concordant positive
IGRA results and 2 were IGRA converters.

Although the clinical significance of IGRA conversions
and reversions remains to be established, repeated IGRA
testing seems to be of value in HIV-1–infected individuals.

Keywords. human immunodeficiency virus type 1;
interferon-gamma release assay; serial testing; conversion;
reversion.

Individuals with human immunodeficiency virus type 1 (HIV-1)
infection are at increased risk of latent tuberculosis infection
(LTBI) and subsequent active tuberculosis reactivation and
develop more severe clinical disease manifestations [1] and
thus represent an important target group for LTBI testing and
treatment.

For more than a century, the tuberculin skin test (TST) has
been the most extensively used immune-based test for detecting
LTBI [2]. More recently, laboratory T-cell–based interferon-γ
(IFN-γ) release assays (IGRAs) have been developed as an alter-
native in vitro immunodiagnostic approach to the TST, pos-
sessing logistical conveniences [3]. Despite the fact that their
performance is dependent on the actual CD4+ T-cell count,
these tests have been demonstrated to detect LTBI with higher
reliability than the TST in individuals infected with HIV-1 [4].

The interpretation of serial TST results may be complicated
by nonspecific variations in test results, including boosting,
conversions (negative to positive test), and reversions (positive
to negative test) upon repetitive testing [5]. Serial testing with
IGRA is attractive because it avoids subjective measurements,
can be repeated without sensitization and boosting in subse-
quent tests, and requires only a single patient visit. However,
there is only limited data on the reproducibility of IGRAs, par-
ticularly with regard to within-person variability of T-cell re-
sponses during serial testing. Thus, the updated US Center for
Disease Control and Prevention guidelines 2010 ask for more
research on the serial testing performance of IGRAs, especially
in individuals with HIV-1 infection [6].

This study was performed in a cohort of HIV-1–infected in-
dividuals in a country with a low risk of tuberculosis reinfection
after inclusion. The objectives of this prospective, single-center
study were to determine (1) the incidence of IGRA reversions
and conversions in a cohort of HIV-1–infected individuals and
(2) to identify socio-epidemiological and clinical risk factors as-
sociated with reverted or converted IGRA results.

METHODS

Study Setting and Recruitment
This study is an extension of a project initiated in 2006 to eval-
uate the QuantiFERON-TB Gold In-Tube IGRA for routine
use in HIV-1–infected individuals in a low-incidence country
[7]. Briefly, HIV-1–infected patients aged ≥18 years attending
the HIV outpatient clinic of the Vienna General Hospital who
voluntarily underwent IGRA testing were prospectively en-
rolled. Written informed consent for inclusion was provided by
all participants. Patients with current active tuberculosis disease
were excluded. The study protocol was approved by the Ethics
Committee of the Medical University of Vienna, Austria.

Laboratory Assays
Venous blood samples were drawn in 3 QuantiFERON-TB Gold
In-Tube evacuated tubes, precoated with either Mycobacterium
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reliability than the TST in individuals infected with HIV-1 [4].

The interpretation of serial TST results may be complicated
by nonspecific variations in test results, including boosting,
conversions (negative to positive test), and reversions (positive
to negative test) upon repetitive testing [5]. Serial testing with
IGRA is attractive because it avoids subjective measurements,
can be repeated without sensitization and boosting in subse-
quent tests, and requires only a single patient visit. However,
there is only limited data on the reproducibility of IGRAs, par-
ticularly with regard to within-person variability of T-cell re-
sponses during serial testing. Thus, the updated US Center for
Disease Control and Prevention guidelines 2010 ask for more
research on the serial testing performance of IGRAs, especially
in individuals with HIV-1 infection [6].

This study was performed in a cohort of HIV-1–infected in-
dividuals in a country with a low risk of tuberculosis reinfection
after inclusion. The objectives of this prospective, single-center
study were to determine (1) the incidence of IGRA reversions
and conversions in a cohort of HIV-1–infected individuals and
(2) to identify socio-epidemiological and clinical risk factors as-
sociated with reverted or converted IGRA results.

METHODS

Study Setting and Recruitment
This study is an extension of a project initiated in 2006 to eval-
uate the QuantiFERON-TB Gold In-Tube IGRA for routine
use in HIV-1–infected individuals in a low-incidence country
[7]. Briefly, HIV-1–infected patients aged ≥18 years attending
the HIV outpatient clinic of the Vienna General Hospital who
voluntarily underwent IGRA testing were prospectively en-
rolled. Written informed consent for inclusion was provided by
all participants. Patients with current active tuberculosis disease
were excluded. The study protocol was approved by the Ethics
Committee of the Medical University of Vienna, Austria.

Laboratory Assays
Venous blood samples were drawn in 3 QuantiFERON-TB Gold
In-Tube evacuated tubes, precoated with either Mycobacterium
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•  845+pa0ents+autrichiens,+2+IGRA+(M0+et+M24)+

•  76+pa0ents+à+M0,+IGRA+++

•  À+M24,+25+redeviennent+néga0f:+33%(de(réversion(
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Recrutement par centres

N=
%CD4 <150/150-350/>350
%Migrants Rennes

N=51
0/16/84%
49%

Nantes 
N=49
5/9/86%
6%

Tours
N=1
100/0/0%
0%

St Etienne
N=2
0/0/100%
0%

Poitier
N=19
11/21/68%
11%

Montpellier
N=8
13/24/63%
25%

Lyon
N=5
33/29/38%
40%

Tourcoing 
N=20
20/10/70%
30%

IDF
N=248
6/29/65%
62%

Nice
N=7
14/15/71%
29%

Nancy
N=5
0/0/100%
80%

415 patients!
349 Ouest-Ile de 
France!

Bourgarit, 2013!



IGRAVIH(

Bourgarit, ECCMID, 2013!

LTBI prevalence according to: !
•  IGRA: 13,3% (1 out 2)!

•  QFT: 10.4%!
•  Tspot-TB: 8.2%!

•  TST>5mm: 15.9%!
•  IGRA+TST: 13.5%!

IGRA+ 
N=55 

2 IGRA neg or 
Ind 

N=360 

p OR 95%CI p 

Origin from country of 
high TB prevalence  

39/55(71%) 174/359(49%) 0.0019 2.49 1.34-4.65 0.0041 

sex 34/55(62%) 273/359(76%) 0.0248 - - - 

CD4 
<150 

150-350 
350-500 

>500 

 
4/54 (7%) 
8 (15%) 
14 (26%) 
28 (52%) 

 
22/354 (6%) 

82 (23%) 
95 (27%) 
155(44%) 

0.52 - - - 

VL log 3.9  4.2 0.058 - - - 
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Bourgarit, ECCMID, 2013!

IGRA+TST+( IGRACTSTC( IGRACTST+( IGRA+TSTC(

Active TB+

N+ 26+ 319+ 40+ 30+

Missing data+ 0 10 (3.1%)+ 3 (7.5%)+ 1 (3.3%)+

N+ 26+ 309+ 37+ 29+

No+ 21 (80.8%)+ 308 (99.7%)+ 37 (100.0%)+ 27 (93.1%)+

Yes( 5 (19.2%)( 1 (0.3%)( 0 (0.0%)( 2 (6.9%)(

Suivi à 6 mois: survenue de tuberculose maladie !

RR 44,0 95%IC=[5.5-351] if one IGRA+!



1. Le HCSP ne recommande pas les IGRAs pour le diagnostic 
de la tuberculose (TB) maladie hormis en cas de diagnostic 
difficile chez le jeune enfant 
 
2. Les IGRAs sont indiqués pour le diagnostic de l’infection 
tuberculeuse latente (ITL) dans les situations suivantes: 
•  enquête autour d’un cas de TB maladie 
•  sujets infectés par le VIH 
•  avant l’initiation d’un traitement par anti-TNFα"
•  personnels de santé 
•  migrants 

HCSP#Avis#et#Rapport#du#1er#juillet#2011#



Enquête(autour(d’un(cas(

Premier cercle (risque 
maximal) 

- Sujets vivant sous le même toit 
-  Exposés lors de gestes à haut risque sans protection (endoscopie 
bronchique ou ORL, expecto. Induite, kiné respi) 
-  Partage espace confiné avec durée cumulée exposition > 8 h si 
EM positif, 40 h si EM négatif 

Deuxième cercle 
(risque intermédiaire) 

Contacts réguliers, mais moins étroits et/ou moins prolongés (amis, 
collègues travail proches, loisirs, étudiants même classe, visites au 
domicile, passagers même rangée avion vol > 8 h) 

Troisième cercle 
(risque faible) 

Sujets vivant dans la même communauté, même école, même lieu de 
travail, même loisirs, mais contacts sporadiques 

Erkens CGM et al. Eur Respir J 2010; 36: 925–949 

Stratégie des cercles concentriques (reco européennes)!

•  Dépistage dans le premier cercle!
•  Si pas d’ITL on s’arrête là!
•  Sinon, on passe au deuxième, etc…!



DétecGon(de(lipoarabinomannane((LAM)(dans(les(urines(

Intérêt des tests urinaires ‘LAM’!
Simple comme un test de grossesse!
- Coût = 2 € !
!
Etude banlieue Sud-Africaine!
- 325 patients, CD4 < 200!



SD Lawn et al. BMC Infect Dis 2012!
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Traitement(tuberculose(et(VIH(

•  Quand+débuter+le+traitement:+SAPIT,+ACTG+52211,2+

– Ne pas débuter les ARV au-delà de 2 mois d’anti-TB!
•  Sur-mortalité nette (x 2 à 7 selon CD4)!

– Si CD4 initiaux < 50/mm3, objectif = début ARV à J15!
•  Risque élevé d’IRIS, mais le plus souvent non graves!
•  Bénéfices en termes de survie!

– Si CD4 initiaux > 50/mm3, début ARV entre J15 et J60!
•  ‘à la carte’!
•  Moins d’IRIS, mortalité idem!

1Naidoo, Ann Int Med, 2012; 2Havlir, NEJM, 2011!



Traitement(tuberculose(et(VIH(
+

•  Interac0ons+médicamenteuses:+
– Traitement VIH ‘préféré’!

•  Combinaison avec efavirenz!
•  Pas de réelle nécessité d’augmenter la posologie d’EFV même si 

poids > 60 kg (Stride study, Luetkemeyer, CID, 2013)!

– Si efavirenz pas possible (tolérance, résistance)!
•  Choix préférentiel pays en développement (PED) = Trizivir !
•  Pays ‘développés’!

•  Combinaison avec raltégravir double dose!
•  Combinaison avec IP, en remplaçant RMP par rifabutine!

+



Traitement(infecGon(tuberculeuse(latente(
5 essais randomisés RMP+INH (3 mois) contre 

INH (6 à 12 mois) 
!  1926 patients 
!  Suivi 13 à 37 mois 

 
       

Efficacité! Tolérance!

Ena, CID, 2005!

Hépatotoxicité RMP + PZA 
!  Rapport risque bénéfice défavorable 
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Isoniazid plus antiretroviral therapy to prevent tuberculosis: 
a randomised double-blind, placebo-controlled trial
Molebogeng X Rangaka, Robert J Wilkinson, Andrew Boulle, Judith R Glynn, Katherine Fielding, Gilles van Cutsem, Katalin A Wilkinson, 
Rene Goliath, Shaheed Mathee, Eric Goemaere, Gary Maartens

Summary
Background Antiretroviral therapy reduces the risk of tuberculosis, but tuberculosis is more common in people with 
HIV than in people without HIV. We aimed to assess the eff ect of isoniazid preventive therapy on the risk of 
tuberculosis in people infected with HIV-1 concurrently receiving antiretroviral therapy.

Methods For this pragmatic randomised double-blind, placebo-controlled trial in Khayelitsha, South Africa, we 
randomly assigned (1:1) patients to receive either isoniazid preventive therapy or a placebo for 12 months (could be 
completed during 15 months). Randomisation was done with random number generator software. Participants, 
physicians, and pharmacy staff  were masked to group assignment. The primary endpoint was time to development of 
incident tuberculosis (defi nite, probable, or possible). We excluded tuberculosis at screening by sputum culture. We 
did a modifi ed intention-to-treat analysis and excluded all patients randomly assigned to groups who withdrew before 
receiving study drug or whose baseline sputum culture results suggested prevalent tuberculosis. This study is 
registered with ClinicalTrials.gov, number NCT00463086.

Findings 1329 participants were randomly assigned to receive isoniazid preventive therapy (n=662) or placebo (n=667) 
between Jan 31, 2008, and Sept 31, 2011, and contributed 3227 person-years of follow-up to the analysis. We 
recorded 95 incident cases of tuberculosis; 37 were in the isoniazid preventive therapy group (2·3 per 100 person-
years, 95% CI 1·6–3·1), and 58 in the placebo group (3·6 per 100 person-years, 2·8–4·7; hazard ratio [HR] 0·63, 
95% CI 0·41–0·94). Study drug was discontinued because of grade 3 or 4 raised alanine transaminase concentrations 
in 19 of 662 individuals in the isoniazid preventive therapy group and ten of the 667 individuals in the placebo group 
(risk ratio 1·9, 95% CI 0·90–4·09). We noted no evidence that the eff ect of isoniazid preventive therapy was restricted 
to patients who were positive on tuberculin skin test or interferon gamma release assay (adjusted HR for patients 
with negative tests 0·43 [0·21–0·86] and 0·43 [0·20–0·96]; for positive tests 0·86 [0·37–2·00] and 0·55 [0·26–1·24], 
respectively). 

Interpretation Without a more predictive test or a multivariate algorithm that predicts benefi t, isoniazid preventive 
therapy should be recommended to all patients receiving antiretroviral therapy in moderate or high incidence areas 
irrespective of tuberculin skin test or interferon gamma release assay status.

Funding Department of Health of South Africa, the Wellcome Trust, Médecins Sans Frontières, European and 
Developing Countries Clinical Trials Partnership, Foundation for Innovation and New Diagnostics, the European 
Union, and Hasso Plattner (Institute of Infectious Diseases and Molecular Medicine, University of Cape Town).

Introduction
Tuberculosis is the main cause of morbidity and mortality 
in people infected with HIV-1. The burden is greatest in 
sub-Saharan Africa, especially in southern Africa where 
more than 50% of new tuberculosis cases are co-infected 
with HIV-1.1 Findings of a meta-analysis2 of randomised 
controlled trials showed that isoniazid preventive therapy 
decreased the risk of tuberculosis by 32% in people with 
HIV-1 who were not on combination antiretroviral 
therapy. Strong statistical evidence for benefi t was only 
reported in individuals who had positive tuberculin skin 
tests. However, there was heterogeneity of isoniazid 
preventive therapy duration and follow-up between the 
included studies. Antiretroviral therapy independently 
reduces the risk of tuberculosis by 65%,3 but tuberculosis 
is more common in people infected with HIV than in 
people without HIV.4

Data from three retrospective observational cohort 
studies5–7 suggested a greater eff ect of combined anti-
retroviral therapy and isoniazid preventive therapy on the 
risk of tuberculosis than antiretroviral therapy alone. The 
proportion of individuals who received both treatments 
concurrently was unclear in the Brazilian study,6 and 
isoniazid preventive therapy preceded antiretroviral 
therapy in the South African study.7 In the BOTUSA 
randomised controlled trial8 done in Botswana, isoniazid 
preventive therapy for 36 months was more benefi cial 
than treatment for 6 months in individuals who started 
antiretroviral therapy. However, antiretroviral therapy was 
prescribed in some of the participants at diff erent times 
during follow-up when participants fulfi lled criteria for 
antiretroviral therapy initiation. Thus, the independent 
eff ect of isoniazid preventive therapy in patients on 
antiretroviral therapy could not be established. In an 
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Indian study,9 in which the eff ect of 6 months of 
ethambutol and isoniazid was compared with 36 months 
of isoniazid in patients with HIV, some participants 
started antiretroviral therapy, but the eff ect of concomitant 
antiretroviral therapy and isoniazid preventive therapy on 
effi  cacy and toxic eff ects was not reported.

Concurrent isoniazid preventive therapy and anti-
retroviral therapy could result in shared toxic eff ects, 
notably hepatitis and neuropathy. Furthermore, isoniazid 
inhibits several cytochrome P450 isoenzymes,10 which 
metabolise many antiretroviral drugs. This inhibition can 
cause increased antiretroviral concentrations, which might 
exceed the toxic threshold. Therefore, whether isoniazid 
preventive therapy further reduces the risk of tuberculosis 
in people on antiretroviral therapy is important to establish, 
and any additional toxic eff ects should be quantifi ed.

We aimed to assess the eff ect of isoniazid preventive 
therapy on the risk of active tuberculosis in people with 
HIV-1 concurrently receiving antiretroviral therapy. Our 
secondary objectives were to establish toxic eff ects of 
treatment and all-cause mortality.

Methods
Study design and participants
We did a pragmatic individually randomised double-
blind, placebo-controlled trial between Jan 31, 2008, and 
Sept 31, 2011, of isoniazid preventive therapy in people 
with HIV-1 on antiretroviral therapy at the Ubuntu clinic 
in Khayelitsha, Cape Town, South Africa.

Adults (≥18 years) were recruited among antiretroviral 
therapy clinic attendees consecutively listed in study 
screening logs. All participants had baseline tuberculosis 
symptom screening and sputum mycobacterial culture.11 
Exclusion criteria were active tuberculosis or suspicion of 
active tuberculosis as established by symptom screening, 
present or previous treatment of latent tuberculosis 
infection; present treatment with fl uoroquinolones or 
other antibiotics with marked antituberculous activity, 
history of intolerance to isoniazid; grade 3 or 4 baseline 
alanine transaminase, grade 3 or 4 peripheral neuropathy, 
pregnancy, or less than 6 weeks post partum. We used 
tables from the AIDS Clinical Trials Group12 to grade 
toxic eff ects of treatment for people on antiretroviral 
therapy.

Ethics approval was obtained from the ethics review 
boards of the University of Cape Town, Médecins Sans 
Frontières, and the London School of Hygiene & Tropical 
Medicine. Written consent or a thumb-print was needed 
from all participants before screening. Four people on a 
data safety and monitoring board provided oversight 
during the study.

Randomisation and masking
Patients were randomly assigned (1:1) to receive daily 
self-administered isoniazid or matching placebo dosed 
according to bodyweight (200 mg per day for <50 kg 
or 300 mg per day for ≥50 kg) together with 25 mg of 

pyridoxine for 12 months (could be completed 
during 15 months). Randomisation was by random 
number generator software (in Excel) and was stratifi ed 
by antiretroviral therapy status at baseline: just started 
antiretroviral therapy (start-antiretroviral therapy) versus 
established on antiretroviral therapy (on-antiretroviral 
therapy). Partici pants, clinicians, and local pharmacy 
staff  were masked to treatment allocations. The appendix 
gives further details on randomisation and masking.

Procedures
At each visit participants were asked about symptoms of 
adverse drug events: nausea, vomiting, or right upper-
quadrant pain, rashes, and new or worsening peripheral 
neuropathy. During the intervention phase, we 
measured alanine trans aminase concentration at 

See Online for appendix

Figure 1: Trial profi le
ART=antiretroviral therapy. Start-ART=just started ART. On-ART=established on ART. *Reasons for 
excluding 291 individuals that did not meet the inclusion criteria: 211 prevalent tuberculosis diagnosed, 13 previous 
isoniazid preventive therapy, 19 pregnancy, 23 pre-existing grade 3 toxicity (alanine transaminase concentration, 
peripheral neuropathy, or rash), one younger than 18 years, 24 already on tuberculosis treatment. †Drug toxic eff ects 
include: alanine transaminase grade 3 or worse, clinical hepatitis, grade 2 or worse rash or peripheral neuropathy.

2138 patients assessed for eligibility

769 excluded
 291 did not meet inclusion 
  criteria*
 394 declined to participate
 84 other reasons

Pre-specified exclusions
22 culture-positive prevalent 
  tuberculosis 

Pre-specified exclusions
17 culture-positive prevalent 
  tuberculosis 
 1 randomised but study drug 
  not received

689 assigned to placebo
 181 start-ART group
 508 on-ART group
689 received allocated intervention 
 0 did not receive study drug

680 assigned to isoniazid
 207 start-ART group
 473 on-ART group
679 received allocated intervention 
 1 did not receive study drug

Final participant outcomes
469 no event (455 completed 
  intervention phase)
 58 tuberculosis 
 18 drug toxic effects†
 21 died 
 43 transferred out 
 71 lost to follow-up

Final participant outcomes
482 no event (464 completed 
  intervention phase)
 37 tuberculosis  
 27 drug toxic effects†
 16 died 
 40 transferred out 
 71 lost to follow-up 

662 included in modified 
  intention-to-treat analysis
 200 start-ART group
 462 on-ART group

667 included in modified 
  intention-to-treat analysis 
 177 start-ART group
 490 on-ART group

1369 randomised
 388 start-ART group
 981 on-ART group

•  INH 12 à 15 mois vs PCB!
•  1329 patients!
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date tuberculosis was diagnosed and registered in the 
clinic database or notifi ed in the tuberculosis register); 
death (death ascertainment was by report to the clinic staff  
and augmented from the national death register); loss to 
follow-up (participants were defi ned as lost to follow-up if 
their last clinic contact was more than 6 months before 
the date of closure of the study database, which was 
censored at their last contact date); transferred out 
(excluding participants transferred out for care at another 
clinic in the district since outcome data is available on the 
province-wide patient electronic register and from the 
national tuberculosis register); or study closure.

Statistical analysis
Results of this trial were reported in accordance with the 
CONSORT guidelines for reporting pragmatic trials.14 We 
did a modifi ed intention-to-treat analysis; we excluded any 
participants who withdrew from the study before receiving 
the study drug or those whose baseline sputum culture 
results suggested prevalent tuberculosis after 
randomisation. We used the log-rank test to compare 
survival curves by treatment group. The hazard ratio (HR) 
for the treatment eff ect and the associated 95% CIs were 
calculated by Cox proportional hazards regression. To 
assess the durability of the treatment eff ect, follow-up time 
was split into three time groups (0–11 months, 
12–23 months, and ≥24 months) and we used the likelihood 
ratio test to test for eff ect modifi cation by time interval. At 
the time of the analysis, we specifi ed the eff ects of isoniazid 
by time since randomisation and by tuberculosis infection 
status at enrolment. Time from randomisation to death 
was compared by study group and HRs were calculated 
from the Cox proportional hazards model.

A fi nal sample size of 1368 had 80% power to detect 
a 35% reduction in the incidence of tuberculosis in the 
intervention versus control group assuming a rate 
of 8·5 per 100 person-years in the control group, a type I 
error of 0·05 and a 30% loss to follow-up in each group 
(appendix).15,16 All analyses were done with STATA 
(version 12.0).

This study is registered with ClinicalTrials.gov, number 
NCT00463086.

Overall Placebo Isoniazid Eff ect

Events
per person-years

Rate per 
100 person-years

Events per
person-years

Rate per 100 
person-years

Events per
person-years

Rate per 100 
person-years

HRu* (95% CI)

Tuberculosis

All tuberculosis 95/3226·5 2·9 58/ 1597·2 3·6 37/1629·3 2·3 0·63†  (0·41–0·94)

Defi nite 34/3226·5 1·1 22/1597·2 1·4 12/1629·3 0·7 0·54  (0·27–1·08)

Probable/possible 61/3226·5 1·9 36/ 1597·2 2·3 25/1629·3 1·5 0·68  (0·41–1·10)

Deaths

All causes 37/3579·1‡ 1·0 21/1792·8 1·2 16/1786·3 0·9 0·72  (0·34–1·34)

HRu=unadjusted hazard ratio. *HRu for isoniazid vs placebo· †p<0·05. ‡Person-years for death is higher than person-years for tuberculosis: four individuals died after 
developing tuberculosis.

 Table 2: Eff ect of isoniazid on rate of tuberculosis or death

Figure 2: Time to tuberculosis from randomisation
The placebo group was given antiretroviral therapy plus placebo and the isoniazid group was given 
antiretroviral therapy plus isoniazid. Numbers show the number of participants followed up at each timepoint, 
and the numbers in parentheses show new tuberculosis cases in each period. Log-rank test p value for equality 
of survival curves=0·02.
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Figure 3: Cumulative hazard plot for antiretroviral therapy versus antiretroviral therapy plus isoniazid 
preventive therapy eff ect by time since randomisation
Nelson-Aalen cumulative hazard plot on a logarithmic y-scale to show proportionality of hazards over time 
periods. HRs shown are unadjusted. Treatment ended 1 year after participants were randomly assigned. Likelihood 
ratio test for interaction of treatment group with study time p=0·61, and assuming linear trend for study time 
p=0·34. HR=hazard ratio.

Years since randomisation
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Period 1: HR 0·52 (95% CI 0·27–1·01)
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HR: 0,63, IC95% 0,41-0,94 !
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Background
Shortening the course of treatment for tuberculosis would be a major improvement 
for case management and disease control. This phase 3 trial assessed the efficacy 
and safety of a 4-month gatifloxacin-containing regimen for treating rifampin-
sensitive pulmonary tuberculosis.
Methods
We conducted a noninferiority, randomized, open-label, controlled trial involving pa-
tients 18 to 65 years of age with smear-positive, rifampin-sensitive, newly diagnosed 
pulmonary tuberculosis in five sub-Saharan African countries. A standard 6-month 
regimen that included ethambutol during the 2-month intensive phase was com-
pared with a 4-month regimen in which gatifloxacin (400 mg per day) was substi-
tuted for ethambutol during the intensive phase and was continued, along with ri-
fampin and isoniazid, during the continuation phase. The primary efficacy end 
point was an unfavorable outcome (treatment failure, recurrence, or death or study 
dropout during treatment) measured 24 months after the end of treatment, with a 
noninferiority margin of 6 percentage points, adjusted for country.
Results
A total of 1836 patients were assigned to the 4-month regimen (experimental group) 
or the standard regimen (control group). Baseline characteristics were well balanced 
between the groups. At 24 months after the end of treatment, the adjusted differ-
ence in the risk of an unfavorable outcome (experimental group [21.0%] minus 
control group [17.2%]) in the modified intention-to-treat population (1356 patients) 
was 3.5 percentage points (95% confidence interval, −0.7 to 7.7). There was hetero-
geneity across countries (P = 0.02 for interaction, with differences in the rate of an 
unfavorable outcome ranging from −5.4 percentage points in Guinea to 12.3 per-
centage points in Senegal) and in baseline cavitary status (P = 0.04 for interaction) 
and body-mass index (P = 0.10 for interaction). The standard regimen, as compared 
with the 4-month regimen, was associated with a higher dropout rate during treat-
ment (5.0% vs. 2.7%) and more treatment failures (2.4% vs. 1.7%) but fewer recur-
rences (7.1% vs. 14.6%). There was no evidence of increased risks of prolongation of 
the QT interval or dysglycemia with the 4-month regimen.
Conclusions
Noninferiority of the 4-month regimen to the standard regimen with respect to the 
primary efficacy end point was not shown. (Funded by the Special Program for 
Research and Training in Tropical Diseases and others; ClinicalTrials.gov number, 
NCT00216385.)
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Guinea (25.6% vs. 13.1%), with treatment effects 
(experimental group minus control group) of 
9.9 percentage points and −5.4 percentage points, 
respectively. The use of a composite outcome 
and differences in patient characteristics at base-
line might have contributed to the heterogeneity. 
The medications (which were produced according 
to Good Manufacturing Practice standards by the 
same manufacturer and adequately stored on 
site), the mycobacteriology laboratories (with pro-
cedures standardized across sites and quality 
control in place), and the open-label design of 
the study (with blinded outcome assessment by 
laboratory technicians and members of the end-
point committee)10 are unlikely contributors.

This study used a composite end point that 
included events occurring during treatment (treat-
ment failure, death, or dropout) and follow-up 
(recurrence). The contribution of these individual 
components to the overall end point varied 
among countries. Historically, a single outcome 
(cure without recurrence) was the primary efficacy 
end point17; now, however, a composite outcome 
is favored by regulators16 and is programmati-
cally more relevant as a measure of true treat-
ment effectiveness — although it is inherently 

more complex to interpret. Although more pa-
tients dropped out or died during treatment in 
the control group than in the experimental group 
(42 vs. 24), nearly 80% of the events in the con-
trol group occurred during the first 4 months of 
treatment, suggesting that the difference did not 
result from a longer risk period of treatment.

The baseline characteristics of the patients 
were similar in the two treatment groups but dif-
fered across countries: the proportion of severely 
undernourished patients was 50% in Guinea 
and Benin and 40% in the other countries, the 
prevalence of HIV positivity ranged from 1% in 
Senegal to 49% in South Africa, and the rate of 
cavitary disease was 20% in Benin, Guinea, and 
Kenya and 90% in Senegal and South Africa 
(Table S2 in the Supplementary Appendix). Sub-
group analyses therefore can help identify sourc-
es of heterogeneity; in patients who had non-
cavitary disease or were HIV-positive or severely 
undernourished, treatment effects were similar 
in the two groups, whereas in patients with 
cavitation or who were HIV-negative or had a 
BMI of more than 16, the 4-month regimen was 
inferior to standard treatment.

An inability to show noninferiority may be 
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Figure 2. Unfavorable Outcomes in the Modified Intention-to-Treat Population, Overall and According to Subgroups.

Differences were adjusted according to country (except in each country). The body-mass index (BMI) is the weight in kilograms divided 
by the square of the height in meters.
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Background
Shortening the course of treatment for tuberculosis would be a major improvement 
for case management and disease control. This phase 3 trial assessed the efficacy 
and safety of a 4-month gatifloxacin-containing regimen for treating rifampin-
sensitive pulmonary tuberculosis.
Methods
We conducted a noninferiority, randomized, open-label, controlled trial involving pa-
tients 18 to 65 years of age with smear-positive, rifampin-sensitive, newly diagnosed 
pulmonary tuberculosis in five sub-Saharan African countries. A standard 6-month 
regimen that included ethambutol during the 2-month intensive phase was com-
pared with a 4-month regimen in which gatifloxacin (400 mg per day) was substi-
tuted for ethambutol during the intensive phase and was continued, along with ri-
fampin and isoniazid, during the continuation phase. The primary efficacy end 
point was an unfavorable outcome (treatment failure, recurrence, or death or study 
dropout during treatment) measured 24 months after the end of treatment, with a 
noninferiority margin of 6 percentage points, adjusted for country.
Results
A total of 1836 patients were assigned to the 4-month regimen (experimental group) 
or the standard regimen (control group). Baseline characteristics were well balanced 
between the groups. At 24 months after the end of treatment, the adjusted differ-
ence in the risk of an unfavorable outcome (experimental group [21.0%] minus 
control group [17.2%]) in the modified intention-to-treat population (1356 patients) 
was 3.5 percentage points (95% confidence interval, −0.7 to 7.7). There was hetero-
geneity across countries (P = 0.02 for interaction, with differences in the rate of an 
unfavorable outcome ranging from −5.4 percentage points in Guinea to 12.3 per-
centage points in Senegal) and in baseline cavitary status (P = 0.04 for interaction) 
and body-mass index (P = 0.10 for interaction). The standard regimen, as compared 
with the 4-month regimen, was associated with a higher dropout rate during treat-
ment (5.0% vs. 2.7%) and more treatment failures (2.4% vs. 1.7%) but fewer recur-
rences (7.1% vs. 14.6%). There was no evidence of increased risks of prolongation of 
the QT interval or dysglycemia with the 4-month regimen.
Conclusions
Noninferiority of the 4-month regimen to the standard regimen with respect to the 
primary efficacy end point was not shown. (Funded by the Special Program for 
Research and Training in Tropical Diseases and others; ClinicalTrials.gov number, 
NCT00216385.)
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Background
Early-phase and preclinical studies suggest that moxifloxacin-containing regimens 
could allow for effective 4-month treatment of uncomplicated, smear-positive pul-
monary tuberculosis.

Methods
We conducted a randomized, double-blind, placebo-controlled, phase 3 trial to test 
the noninferiority of two moxifloxacin-containing regimens as compared with a 
control regimen. One group of patients received isoniazid, rifampin, pyrazinamide, 
and ethambutol for 8 weeks, followed by 18 weeks of isoniazid and rifampin (con-
trol group). In the second group, we replaced ethambutol with moxifloxacin for 17 
weeks, followed by 9 weeks of placebo (isoniazid group), and in the third group, we 
replaced isoniazid with moxifloxacin for 17 weeks, followed by 9 weeks of placebo 
(ethambutol group). The primary end point was treatment failure or relapse within 
18 months after randomization.

Results
Of the 1931 patients who underwent randomization, in the per-protocol analysis, a 
favorable outcome was reported in fewer patients in the isoniazid group (85%) and 
the ethambutol group (80%) than in the control group (92%), for a difference favor-
ing the control group of 6.1 percentage points (97.5% confidence interval [CI], 1.7 to 
10.5) versus the isoniazid group and 11.4 percentage points (97.5% CI, 6.7 to 16.1) 
versus the ethambutol group. Results were consistent in the modified intention-to-
treat analysis and all sensitivity analyses. The hazard ratios for the time to culture 
negativity in both solid and liquid mediums for the isoniazid and ethambutol 
groups, as compared with the control group, ranged from 1.17 to 1.25, indicating 
a shorter duration, with the lower bounds of the 95% confidence intervals exceed-
ing 1.00 in all cases. There was no significant difference in the incidence of grade 
3 or 4 adverse events, with events reported in 127 patients (19%) in the isoniazid 
group, 111 (17%) in the ethambutol group, and 123 (19%) in the control group.

Conclusions
The two moxifloxacin-containing regimens produced a more rapid initial decline in 
bacterial load, as compared with the control group. However, noninferiority for these 
regimens was not shown, which indicates that shortening treatment to 4 months 
was not effective in this setting. (Funded by the Global Alliance for TB Drug De-
velopment and others; REMoxTB ClinicalTrials.gov number, NCT00864383.)
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P = 0.004 for the isoniazid group and P = 0.02 for 
the ethambutol group) (Table S3B in the Supple-
mentary Appendix).

Time to Culture-Negative Status

In Kaplan–Meier analyses, patients in the isonia-
zid group and the ethambutol group had conver-
sion to culture-negative status sooner than those 
in the control group in sputum analyses with the 
use of Lowenstein–Jensen solid medium (Fig. 2B) 
and MGIT medium (Fig. S3 and Table S7 in the 
Supplementary Appendix) (P<0.01 for both analy-
ses). More patients receiving the moxifloxacin-
containing regimens had culture-negative status 
at 8 weeks, but the difference was not significant 
(Table S8 in the Supplementary Appendix).

Time to an Unfavorable Outcome
In the per-protocol analyses, the time to an unfa-
vorable outcome was shorter in the isoniazid group 
than in the control group (hazard ratio, 1.87; 
97.5% CI, 1.07 to 2.67) and was further reduced 
in the ethambutol group (hazard ratio, 2.56; 
97.5% CI, 1.51 to 3.60) (Fig. 2A, and Table S9 in 
the Supplementary Appendix).

Adverse Events
There were no significant between-group differ-
ences in the incidence of grade 3 or 4 adverse 
events, with reports of events in 127 patients (19%) 
in the isoniazid group and 111 patients (17%) in 
the ethambutol group, as compared with 123 pa-
tients (19%) in the control group (Table 3). A to-
tal of 349 serious adverse events occurred in 173 
patients, with 246 events occurring during the 
treatment period and 103 during follow-up. There 
were 43 deaths (16 during the treatment period 
and 27 during follow-up) during the study, 30 of 
which were deemed to be tuberculosis-related 
(Table S10 in the Supplementary Appendix). Over-
all, the numbers of serious adverse events, types 
of events, and numbers of patients with events 
(including the number of deaths) were similar in 
the three study groups during both the treatment 
period and the follow-up period.

There were no significant between-group dif-
ferences in the incidence of adverse events of 
special interest, including tendinopathy, seizure, 
clinically significant cardiac toxicity, hypoglyce-
mia or hyperglycemia, and peripheral neuropathy. 
The proportions of events were similar in the 
study groups when all adverse events were con-
sidered. There were no significant differences in 
any measures of biochemical, hematologic, or 
hepatic safety.
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Figure 2. Kaplan–Meier Estimates of the Time to an Unfavorable Outcome 
and Conversion to Culture-Negative Status.

Panel A shows that the time until patients had an unfavorable outcome was 
shorter in the isoniazid group than in the control group (hazard ratio, 1.25 
[97.5% CI, 1.08 to 1.42]) and was further reduced in the ethambutol group 
(hazard ratio, 1.21 [97.5% CI, 1.05 to 1.37]). Panel B shows the time until 
conversion to culture-negative status, which occurred sooner in the isonia-
zid group and the ethambutol group than in the control group, according to 
analyses of sputum samples cultured in Lowenstein–Jensen solid medium. 
Patients who were excluded from the primary per-protocol analysis were in-
cluded in this analysis, but data were censored at the time of exclusion 
from the per-protocol analysis.
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BACKGROUND
Tuberculosis regimens that are shorter and simpler than the current 6-month daily 
regimen are needed.

METHODS
We randomly assigned patients with newly diagnosed, smear-positive, drug-sensitive 
tuberculosis to one of three regimens: a control regimen that included 2 months 
of ethambutol, isoniazid, rifampicin, and pyrazinamide administered daily followed 
by 4 months of daily isoniazid and rifampicin; a 4-month regimen in which the iso-
niazid in the control regimen was replaced by moxifloxacin administered daily for 
2 months followed by moxifloxacin and 900 mg of rifapentine administered twice 
weekly for 2 months; or a 6-month regimen in which isoniazid was replaced by 
daily moxifloxacin for 2 months followed by one weekly dose of both moxifloxacin 
and 1200 mg of rifapentine for 4 months. Sputum specimens were examined on 
microscopy and after culture at regular intervals. The primary end point was a 
composite treatment failure and relapse, with noninferiority based on a margin of 
6 percentage points and 90% confidence intervals.

RESULTS
We enrolled a total of 827 patients from South Africa, Zimbabwe, Botswana, and 
Zambia; 28% of patients were coinfected with the human immunodefiency virus. 
In the per-protocol analysis, the proportion of patients with an unfavorable response 
was 4.9% in the control group, 3.2% in the 6-month group (adjusted difference from 
control, −1.8 percentage points; 90% confidence interval [CI], −6.1 to 2.4), and 18.2% 
in the 4-month group (adjusted difference from control, 13.6 percentage points; 
90% CI, 8.1 to 19.1). In the modified intention-to-treat analysis these proportions 
were 14.4% in the control group, 13.7% in the 6-month group (adjusted difference 
from control, 0.4 percentage points; 90% CI, −4.7 to 5.6), and 26.9% in the 4-month 
group (adjusted difference from control, 13.1 percentage points; 90% CI, 6.8 to 19.4).

CONCLUSIONS
The 6-month regimen that included weekly administration of high-dose rifapentine 
and moxifloxacin was as effective as the control regimen. The 4-month regimen was 
not noninferior to the control regimen. (Funded by the European and Developing 
Countries Clinical Trials Partnership and the Wellcome Trust; RIFAQUIN Current 
Controlled Trials number, ISRCTN44153044.)
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BACKGROUND
Tuberculosis regimens that are shorter and simpler than the current 6-month daily 
regimen are needed.

METHODS
We randomly assigned patients with newly diagnosed, smear-positive, drug-sensitive 
tuberculosis to one of three regimens: a control regimen that included 2 months 
of ethambutol, isoniazid, rifampicin, and pyrazinamide administered daily followed 
by 4 months of daily isoniazid and rifampicin; a 4-month regimen in which the iso-
niazid in the control regimen was replaced by moxifloxacin administered daily for 
2 months followed by moxifloxacin and 900 mg of rifapentine administered twice 
weekly for 2 months; or a 6-month regimen in which isoniazid was replaced by 
daily moxifloxacin for 2 months followed by one weekly dose of both moxifloxacin 
and 1200 mg of rifapentine for 4 months. Sputum specimens were examined on 
microscopy and after culture at regular intervals. The primary end point was a 
composite treatment failure and relapse, with noninferiority based on a margin of 
6 percentage points and 90% confidence intervals.

RESULTS
We enrolled a total of 827 patients from South Africa, Zimbabwe, Botswana, and 
Zambia; 28% of patients were coinfected with the human immunodefiency virus. 
In the per-protocol analysis, the proportion of patients with an unfavorable response 
was 4.9% in the control group, 3.2% in the 6-month group (adjusted difference from 
control, −1.8 percentage points; 90% confidence interval [CI], −6.1 to 2.4), and 18.2% 
in the 4-month group (adjusted difference from control, 13.6 percentage points; 
90% CI, 8.1 to 19.1). In the modified intention-to-treat analysis these proportions 
were 14.4% in the control group, 13.7% in the 6-month group (adjusted difference 
from control, 0.4 percentage points; 90% CI, −4.7 to 5.6), and 26.9% in the 4-month 
group (adjusted difference from control, 13.1 percentage points; 90% CI, 6.8 to 19.4).

CONCLUSIONS
The 6-month regimen that included weekly administration of high-dose rifapentine 
and moxifloxacin was as effective as the control regimen. The 4-month regimen was 
not noninferior to the control regimen. (Funded by the European and Developing 
Countries Clinical Trials Partnership and the Wellcome Trust; RIFAQUIN Current 
Controlled Trials number, ISRCTN44153044.)
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treating tuberculosis in humans, even when these 
regimens are of the same duration.

The substitution of moxifloxacin for isoniazid 
was proposed after a report of an acceleration in 
bacillary elimination after such a substitution was 
made in a study in mice.7 In our trial, this sub-
stitution reduced the proportion of patients with 
positive cultures at 2 months from 14.6% to 9.6%. 
This reduction compares with a decrease from 
45% to 40% in a phase 2 trial evaluating the same 
moxifloxacin substitution, albeit with a slightly 
different definition of end point.27 However, the 
exact role of moxifloxacin in helping to prevent 
relapse is uncertain. In a nested pharmacokinetic 
study, the results showed that although rifapen-
tine increased the clearance of moxifloxacin by 
8% during treatment as compared with clearance 
after treatment completion without rifapentine, 
it did not result in a clinically significant change 
in moxifloxacin exposure.28 More work is needed 
to determine whether the substitution of moxi-
floxacin for isoniazid was a necessary compo-
nent of the success of the once-weekly regimen of 
the continuation phase.

No acquired drug resistance was identified 
among patients receiving either of the intermit-
tent regimens, but the numbers were too small 
to provide any definitive conclusion. Nevertheless, 
the low relapse rate associated with the 6-month 
regimen suggests that acquired resistance is un-
likely to limit the usefulness of intermittent high 
dosing with rifapentine.

The trial had some limitations. The number 
of participants who underwent randomization 
(827) fell short of the target sample size (1095) 
due to a delayed start and slower-than-expected 
recruitment. However, the 827 participants were 
sufficient to interpret the results of both experi-
mental regimens. Only 27% of patients included 
in the modified intention-to-treat analysis were 
coinfected with HIV; their median CD4 cell count 
was 314 per cubic millimeter.3 Patients coinfected 
with HIV were therefore underrepresented, par-
ticularly those with low CD4 counts. Although 
the ingestion of drugs during the continuation 
phase in the control group was supervised by a 
person other than clinic staff, predefined require-
ments for adequate adherence to treatment did 
not differ according to treatment regimen.

Expanding the adoption of rapid tests such as 
the Xpert MTB/RIF to exclude rifampicin-resis-
tant disease would facilitate the safe use of the 

6-month regimen in resource-limited settings, 
making it possible to administer the regimen to 
patients with fully sensitive or mono-isoniazid-
resistant tuberculosis. The regimen is also par-
ticularly relevant for programs that rely on direct 
observation of daily treatment at health centers, 
since direct observation would be required only 
once weekly during the continuation phase and 
could therefore be delivered at a convenient loca-
tion. Replacing the current daily treatment ob-
servation required by the control regimen with a 
regimen in which the intensity of treatment ob-
servation is reduced could lower some health-sys-
tem costs, although the current costs of the drugs 
used in regimens requiring less observation are 
somewhat greater. No formal cost-effectiveness 
analysis was undertaken. However, Bayer has made 
a commitment to making moxifloxacin available 
at an affordable price,29 and recently Sanofi sub-
stantially reduced the cost of rifapentine in the 
United States.30 The meal of two boiled eggs and 
slices of bread provided to increase the absorp-
tion of rifapentine could be a barrier to implemen-
tation; further research is needed to determine to 
what extent this meal is necessary.

The 6-month regimen in which rifapentine and 
moxifloxacin are administered once weekly dur-
ing the continuation phase is noninferior to the 
standard regimen, which requires daily admin-
istration of medication for 6 months. The new 

Figure 3. Kaplan–Meier Failure Estimates of the Time to a Favorable  
Outcome in the Per-Protocol Population.

The inset shows the same data on an enlarged y axis.
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ever, this finding should be interpreted with cau-
tion, since fewer potential participants were ex-
cluded from this group, probably due to chance. 
Among 219 patients assessed at 2 months who 
received isoniazid for the first 2 months, 187 
(85.3%) had a negative culture as compared with 
394 of 436 patients (90.4%) who received moxi-
floxacin for the first 2 months (P = 0.06) (Table S2 
in the Supplementary Appendix).

Adherence to all three regimens was similar 
during the first 2 months of treatment. Thereaf-
ter, the proportions of patients with rates of ad-
herence that were 89% or higher were similar in 
all three groups (75.3% of patients receiving the 
control regimen, 81.4% of patients receiving the 
4-month regimen, and 80.9% of those receiving 
the 6-month regimen), but a smaller proportion 
of patients receiving the control regimen had ad-
herence rates of 95% or higher (48.7%, as com-
pared with 76.7% of those receiving the 4-month 
regimen and 76.9% of those receiving the 6-month 
regimen). The only instance of acquired resis-
tance to rifampicin occurred in a patient in the 
control group who was coinfected with HIV and 
did not adhere to the control regimen.

Safety
A total of 45 adverse events graded as severe or 
life threatening occurred in 38 patients during 
treatment (Table S3 in the Supplementary Appen-
dix), none of which were considered to have a 
definite relation to the study medication. How-
ever, 6 of the events in the control group, 6 of the 

events in the 4-month group, and 4 of the events 
in the 6-month group were considered to be pos-
sibly or probably related to the study medication. 
Among the 827 patients who underwent random-
ization, 25 patients died: 6 in the control group, 
12 in the group receiving the 4-month regimen, 
and 7 in the group receiving the 6-month regi-
men. Among these 25 deaths, 4 were classified 
as being possibly or probably related to tubercu-
losis (see details in Table S4 in the Supplemen-
tary Appendix). Among the 8 patients for whom 
the cause of death could not be ascertained, all 
had negative results on the last sputum specimen 
that was cultured. However, 6 of these patients 
were coinfected with HIV, and their deaths could 
have been HIV-related.

Discussion

This trial showed that a 6-month regimen with 
once-weekly dosing for the last 4 months was 
noninferior to the control regimen; no concerns 
related to safety were identified. In contrast, the 
4-month regimen, in which moxifloxacin and 
900 mg of rifapentine were administered twice 
weekly during the continuation phase, had a sig-
nificantly higher relapse rate than the control 
regimen. The selection of a 900-mg dose of rifa-
pentine for this regimen was based on the phar-
macokinetic–pharmacodynamic assumptions that 
the bactericidal effect was proportional to the area 
under the concentration curve (AUC), which sug-
gested that a regimen of 900 mg of rifapentine 
twice weekly would be more effective than a 
regimen of 1200 mg of rifapentine once weekly, 
and that the lower dose might reduce toxicity. 
Whereas studies in mice suggested that regimens 
shorter than the standard random were effec-
tive, this was not the case in our study.8,24 This 
discrepancy may be due to the presence of per-
sisting subpopulations of bacilli that are in a dor-
mant state in the lesions of pulmonary tubercu-
losis. These subpopulations of bacilli are thought 
to lead to relapse in humans,25 but they are largely 
absent in mice with experimentally induced tu-
berculosis. Because of these persisting subpopu-
lations, bactericidal efficacy may be related to peak 
rifapentine concentrations in human lesions but 
related to the AUC in the mice.26 Consequently, 
the administration of 900 mg of rifapentine twice 
weekly may not be more effective than the ad-
ministration of 1200 mg once weekly when 

Figure 2. Differences from the Control Regimen in  
Unfavorable Outcome Rates (90% Confidence Intervals).

The dashed line represents the 6 percentage-point 
margin of noninferiority for the modified intention- 
to-treat population and the per-protocol population  
as compared with the control.
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Conclusions(

•  IGRA:+
–  Suivre+les+recommanda0ons+françaises+
–  Pas+de+place+pour+le+diagnos0c+de+tuberculose+maladie+

•  Traitement+ITL:+
–  INH+seule+9+mois+=+RMP?INH+3+mois+
–  Pays+à+forte+prévalence:+INH+prolongé+chez+les+pa0ents+vivant+avec+le+
VIH+

•  Traitement+tuberculose+maladie:+
–  Echec+des+essais+pour+raccourcir+le+traitement+
–  Des+recommanda0ons+à+suivre+pour+M+ou+XDR+
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