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Mycobacterium tuberculosis:  
2014 Clinical trials in review

Kevin B Laupland MD MSc FRCPC1,2, Louis Valiquette MD MSc FRCPC3

Tuberculosis (TB) is a major cause of death and suffering world-
wide. Based on data from the WHO, an estimated nine million 

new cases were diagnosed in 2013, with 1.5 million associated deaths 
(1.1 million HIV-negative cases and 0.36 million HIV-positive cases) 
(1). Worldwide incidence and mortality rates have been declining 
over the past decade due to enhanced diagnosis and management of 
both TB and HIV infection. However, multidrug-resistant TB, which 
occurs in approximately 4% of cases, is challenging these advances (2). 
The past year witnessed the publication of several clinical trials sur-
rounding TB management and control. In the present note, we briefly 
review and highlight clinical trials from the past year evaluating new 
diagnostic and therapeutic strategies for managing TB in adults. 

DIAGNOSTICS
Traditionally, the diagnosis of active TB has been based on presump-
tive diagnosis using microscopy with culture confirmation, and the 
diagnosis of latent TB infection using skin testing and/or interferon-
gamma release assay (IGRA). Several clinical trials evaluating differ-
ent or new approaches to TB diagnosis were reported in 2014. 

Basic versus enhanced TB diagnostics
Reddy et al (3) randomly assigned 70 patients in Tanzania to manage-
ment based on smear results alone versus concentrated smear and cul-
ture results. They observed that appropriate treatment was higher 
among patients managed using the more intensive laboratory regimen. 
However, this study was limited by small size, a high mortality rate in 
both groups and difficulties in establishing appropriateness of care in 
cases for which cultures were not performed. 

Laboratory information systems
Blaya et al (4) conducted a cluster-randomized trial among 78 primary 
health centres in Lima, Peru, to evaluate the use of an Internet-based 
laboratory information system. They found that the times to receive 
culture and drug susceptibility test results, as well as the time to culture 
conversion, were significantly reduced by use of the system. This study is 
important in that it demonstrates the value of using novel means to 
communicate information regarding improvements in TB care delivery. 

IGRAs
Due to the many limitations of standard TB skin testing, IGRAs have 
been increasingly used for the diagnosis and management of active or 
latent TB. Johnson et al (5) investigated the use of serial 
QuantiFERON-TB Gold In-Tube tests (Cellestis Ltd, Australia) as a 
potential biomarker of response to latent TB therapy with isoniazid in 
HIV-negative South African adults. However, no significant differen-
ces were observed. 

The value of IGRA testing to direct TB therapy among HIV-positive 
individuals is controversial. Danel et al (6) reported on a substudy of the 
Temprano trial to assess the utility of using the QuantiFERON-TB Gold 
In-Tube test to diagnose TB in HIV-positive individuals who did not have 

low CD4 cell counts in Cote d’Ivoire. They found that this test had a 
sensitivity of 88%, a specificity of 66.6%, and positive and negative pre-
dictive values of 6.5% and 99.5%, respectively. These data suggest that 
this test, when negative, may be used to rule out TB in HIV-positive adults 
who are not severely immunosuppressed with a high degree of certainty. 
However, in another trial conducted by Rangaka et al (7) from South 
Africa, HIV-positive patients without evidence of active TB were ran-
domly assigned to receive antiretroviral therapy plus either isoniazid or 
placebo. They observed that, among those testing negative using 
QuantiFERON-TB Gold In-Tube test at baseline, that TB rates were 
subsequently 3 per 100 person-years of observation and 1.3 per 100 person-
years of observation in the placebo and isoniazid groups, respectively. The 
inability to rule out latent TB in these patients using the IGRA may have 
been confounded by the degree of immune suppression. 

Molecular diagnostics
Molecular diagnostics have been increasingly applied to improve the 
time to diagnosis of TB and to identify drug-resistant strains. Durovni 
et al (8) conducted a cluster-randomized trial in 14 laboratories in 
Brazil that compared smear microscopy and the polymerase chain 
reaction-based Xpert MTB/RIF assay (Cepheid, USA). They found 
that compared with smear microscopy, the Xpert MTB/RIF assay iden-
tified more positive cases (14.2% versus 9.7%), and this was associated 
with earlier time to treatment. In another study conducted in primary 
care settings in southern Africa, Theron et al (9) evaluated nurse-
performed point-of-care Xpert MTB/RIF compared with smear micro-
copy. They found that point-of-care Xpert MTB/RIF testing was of 
higher sensitivity than smear (83% versus 50%, respectively) and that 
field-performed Xpert MTB/RIF testing was as sensitive and more 
specific than subsequent laboratory-performed Xpert MTB/RIF testing. 
These data indicate that molecular tests are feasible and of high utility 
in the field setting, and may lead to earlier treatment prescription (9).

CHEMOTHERAPY
New agents and chemotherapeutic strategies
Anti-TB chemotherapy is the mainstay of TB therapy. Several clinical 
trials reported over the past year evaluated new agents or strategies for 
TB treatment; these are summarized in Table 1 (10-14). 

HIV coinfection
Patients with HIV are at increased risk for acquiring and developing 
severe disease due to TB. An important body of literature continues to 
evolve surrounding the management of this important coinfection (15). 

Timing of initiation of antiretroviral therapy 
Grinsztejn et al (16) conducted a multicentre trial comparing early 
(at study entry) versus delayed (onset of AIDS-relayed illness or 
declining CD4 count to approximately 200 cells/μL) initiation of 
antiretroviral treatment on several outcomes including the develop-
ment of TB. Among the 1763 individuals enrolled, TB developed in 
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17 of 886 versus 34 of 875 patients, respectively (HR 0.49 [95% CI 
0.28 to 0.89]; P=0.018). 

Several previous studies have demonstrated a benefit of early 
initiation of antiretroviral therapy among HIV-positive patients with 
TB (17-22). Padayatchi et al (23) conducted a subanalysis of the 
SAPiT trial and evaluated outcomes of patients with multidrug-
resistant TB among those randomly assigned to initiation of antiretro-
viral therapy within 12 weeks of starting versus initiation after 
completion of TB therapy. Although the number of patients was small, 
the authors found an 86% reduction in mortality due to early initia-
tion of antiretroviral therapy, which was statistically significant. 

In response to questions surrounding the effect of early antiretro-
viral therapy influences outcome among HIV-TB coinfected patients 
who did not have low CD4 cell counts, Mfinanga et al (24) conducted 
a randomized trial comparing early (two weeks after starting TB ther-
apy) versus delayed (after six months of TB therapy) antiretroviral 
treatment among 1675 African patients with HIV and CD4 cell 
counts ≥220 cells/μL. They did not find a significant difference in 
outcome associated with early versus delayed treatment in this cohort. 

While earlier antiretroviral therapy improves immune function 
and reduces the incidence and mortality associated with TB, immune 
reconstitution inflammatory syndrome is a potentially serious complica-
tion. Luetkemeyer et al (25) reported on a secondary analysis of the 
STRIDE clinical trial that evaluated the effects of earlier (two weeks of 
TB therapy) compared with later (eight to 12 weeks after TB treatment) 
antiretroviral therapy among HIV-positive patients with TB stratified 
according to CD4 cell counts (<50 cells/μL versus ≥50 cells μL) (19). 
They observed a rate of TB immune reconstitution inflammatory syn-
drome of 7.6% overall, but the rate was 44.3% among patients with early 
antiretroviral therapy and CD4 cell counts of <50 cells/μL (25). 

Antiretroviral and TB chemotherapy optimization
Multiple drug combinations are needed for TB and HIV therapies, and 
drug interactions and toxicities present a challenge during comanage-
ment of these infections. Because of limited interactions with rifampin, 

efavirenz is commonly used in antiretroviral regimens among patients 
with HIV-TB coinfection. However, intolerance or resistance to this 
drug is limiting for many patients. Grinszteyn et al (26) conducted a ran-
domized trial comparing tenofovir/lamivudine with either two doses of 
raltegravir (400 mg and 800 mg twice per day) or efavirenz (600 mg/day) 
among patients with HIV-TB coinfection. They found that the adverse 
event profile was similar and rates of virological suppression (raltegravir 
400 mg, 76%; raltegravir 800 mg, 78%; and efavirenz, 63%) at 48 weeks 
of follow-up were similar, indicating that raltegravir is an option for 
treatment of HIV-TB coinfected patients. 

The rifampin-protease inhibitor interactions limit the use of these 
agents in HIV-TB coinfected patients. Because it has fewer inter-
actions, rifabutin has been proposed as an alternative to rifampin. Lan 
et al (27) conducted a randomized crossover pharmacokinetic trial 
comparing two doses of rifabutin (150 mg three times per week versus 
150 mg daily) along with lopinavir/ritonavir. Among the 24 patients 
included, they observed that dosing of 150 mg daily is preferred when 
coadministered with lopinavir/ritonavir. In another randomized cross-
over pharmacokinetic trial, Naiker et al (28) found that a daily dose of 
150 mg of rifabutin with lopinavir/ritonavir therapy resulted in 
adequate drug levels compared with 300 mg daily, and was superior to 
150 mg three times weekly.

VACCINES AND IMMUNOTHERAPY
While chemotherapy is the mainstay of TB management, prevention 
using vaccines or therapy with immune adjuvants are important poten-
tial options that have been evaluated using clinical trials in 2014. 

Bacille Calmette-Guerin
Hatherill et al (29) conducted a randomized trial evaluating the safety 
and reactogenicity of Bacille Calmette-Guerin (BCG) vaccination 
among 82 HIV-negative adult patients with latent TB infection who 
were immunized with BCG in infancy. Patients were given six months 
of isoniazid either before or after intradermal revaccination with 
BCG. While injection site erythema, induration and ulceration were 

tabLe 1
an overview of studies published in 2014 describing new agents/strategies for treating tuberculosis
author (reference) Population Comparison Results Conclusion
Merle et al (10) Smear positive,  

RIF sensitive
RIF and INH with either ETH for six months or 

GAT for four months 
3.5% higher rate of unfavourable 

outcome with four-month regimen 
largely related to higher rate of 
recurrence

Noninferiority of the  
four-month regimen not 
shown

Jindani et al (11) Smear positive,  
drug sensitive

Standard regimen (ETH and PYR for two months 
plus RIF and INH for six months); two-month 
regimen (MOX replaces INH in control regimen 
for two months, then MOX plus RPT for two 
months); six-month regimen (MOX replaces 
INH in control regimen for two months then 
MOX plus RIF weekly for four months)

Unfavourable outcomes in modified 
intention-to-treat analysis: 14.4% 
in the standard regimen, 13.7% 
in the six-month regimen and 
26.9% in the four-month regimen

The six-month MOX and RPT 
regimen was comparable 
with the standard regimen

Dorman et al (12) Smear positive INH, PYR and ETH plus RIF OR 10 mg/kg, 
15 mg/kg or 20 mg/kg RPT 

Liquid cultures at eight weeks 
negative in 56% (RIF) versus 
75%, 70% and 83% for 10 mg/kg, 
15 mg/kg and 20 mg/kg RPT 
groups, respectively

High-dose RPT associated 
with higher sputum culture 
negativity at eight weeks

Gillespie et al (13) Smear positive Standard regimen (ETH and PYR for two months 
plus RIF and INH for 18 weeks); standard 
regimen with MOX replacing ETH for 17 weeks; 
standard regimen with MOX replacing INH for 
17 weeks

Time to culture negativity shortened 
in the MOX-containing groups, but 
these were associated with lower 
rates of favourable outcome

Noninferiority of the  
four-month regimen not 
shown

Diacon et al (14) Smear positive,  
multidrug-resistant 
tuberculosis

Backround regimen plus either 400 mg of 
bedaquiline once daily for two weeks followed 
by 200 mg three times per week for 22 weeks, 
or placebo

Median time to culture conversion 
125 days for placebo compared 
with 83 days for bedaquiline, but 
mortality rates of 2% versus 13%, 
respectively

Addition of bedaquiline 
resulted in faster culture 
conversion. Possibility of 
higher mortality rate requires 
further investigation

ETH Ethambutol; GAT Gatifloxacin; INH Isoniazid; MOX Moxifloxacin; PYR Pyrazinamide; RIF Rifampin; RPT Rifapentine
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common, no serious complications were observed. Pretherapy with 
isoniazid did not influence reactogenicity. This study indicates that 
BCG revaccination is safe among patients with latent TB and provides 
important data to inform for future TB vaccine trials. 

Novel vaccines
Several potential vaccine candidates were evaluated for safety and 
immunogenicity in phase I/II trials. Thacher et al (30) evaluated the 
candidate vaccine M72/AS01 by randomly assigning 37 HIV-infected 
patients on antiretroviral therapy in a 3:1:1 ratio to vaccine, adjuvant 
(AS01) and saline placebo. The vaccine was clinically well tolerated 
and immunogenic. Reither et al (31) investigated the candidate vaccine 
H1/IC31 in 48 HIV-positive patients and found that the vaccine was 
associated with a durable immune response. Nell et al (32) evaluated the 
RUTI vaccine (three doses and placebo) in 95 patients with latent TB 
infection. They observed a high rate of local injection site reactions, but 
the vaccine was immunogenic. These studies lay important groundwork 
for future trials aimed at improving clinical outcomes. 

Adjunctive, nutritional and other supportive therapies
The role of adjuvant corticosteroid therapy in patients with pericardial 
TB has been uncertain. In addition, immunotherapy with heat-killed 
Mycobacterium indicus pranii has been proposed to improve outcomes in 
HIV-positive patients with TB. Mayosi et al (33) randomly assigned 
1400 patients with TB pericardial disease in a 2 × 2 factorial design to 
receive steroid therapy or placebo, or heat-killed M indicus pranii injec-
tions or placebo. While corticosteroid therapy was associated with a 
reduction in complications, there were no mortality benefits observed 
with either therapy overall. Both therapies were associated with a 
small but significant increased risk for cancer in HIV-positive patients. 
This study fails to show a significant overall benefit to use of adjunct-
ive corticosteroid therapy or immunotherapy with M indicus pranii on 
the outcomes of patients treated for TB pericarditis. 

TB chemotherapy is not uncommonly complicated by drug-
associated hepatotoxicity, and a number of supplements have been 
proposed to reduce these adverse effects. Tabarsi et al (34) conducted 
a trial comparing daily 1000 mg garlic tablet supplementation versus 
placebo during the first two weeks of TB therapy among 58 patients 
with pulmonary TB. They observed an overall rate of hepatotoxicity of 
13% with no difference in the treatment groups overall. Hatamkhani 
et al (35) evaluated the effect of oral carnitine supplementation versus 
placebo on the occurrence of hepatotoxicity associated with TB 
chemotherapy. Although the rate of loss to follow-up was higher in the 
treatment group, therapy with oral carnitine was associated with a 
lower risk for TB therapy-associated transaminitis. 

Chand et al (36) evaluated the effect of adjunctive homeopathic 
medicine versus placebo in the management of patients treated for 
multidrug-resistant TB among 120 patients in India. Other than an 

improvement in chest radiography associated with homeopathic treat-
ment, no significant differences were observed among the multiple 
other outcomes evaluated. 

The presence of HIV infection and malnutrition has been shown 
to influence the pharmacokinetics of rifampin. Jeremiah et al (37) 
conducted a clinical trial among 100 patients with pulmonary TB and 
randomly assigned them to receive either nutritional supplementation 
with high-energy vitamin- and mineral-fortified biscuits or nothing 
during the first two months of TB treatment. They observed that while 
rifampin concentrations were not different among HIV-negative 
patients, those that were HIV-positive and received nutritional supple-
mentation had higher rifampin concentrations. These data suggest 
that nutritional supplementation may improve the success of TB ther-
apy among HIV-positive patients in low-income countries. 

MULTIDISCIPLINARY AND  
PROGRAMMATIC INTERVENTIONS

Identifying cases and delivery of therapy is the mainstay of TB man-
agement. However, in resource-limited jurisdictions, it is not clear 
to what degree additional expenditures on case finding and manage-
ment may have on outcomes. Yadav et al (38) performed a cluster-
randomized trial in 30 health districts in Cambodia and compared an 
extensive active case-finding program with usual passive case-finding 
activities. They observed a mortality reduction with active case find-
ing of 2% compared with 14% for passive case finding, and that the 
active case finding was associated with a cost effectiveness of $330 per 
disability-adjusted life-years or $5,300 per death averted. 

Churchyard et al (39) conducted a large (nearly 80,000 subjects) 
cluster-randomized trial among South African miners and compared a 
strategy of active screening and treatment of patients with active or 
latent TB versus usual care. The primary outcome was the incidence of 
TB 12 months after the intervention phase. While they observed 
decreased incidence of TB during the intervention phase, there were 
no differences in TB incidence after 12 months. 

SUMMARY AND CONCLUSIONS
The past year witnessed the publication of a number of important 
clinical trials surrounding TB management. These have ranged from 
small phase 1 and 2 studies investigating novel vaccines and therapies 
to large population-level cluster-randomized studies investigating 
complex diagnostic and therapeutic strategies. We recognize that this 
note provides only a superficial summary of these studies and we likely 
failed to include some important trials that were published in 2014. 
Our intention was to highlight the breadth and importance of clinical 
trials in TB therapy. These clinical trials are fundamental in providing 
the guidance for enhanced efforts at controlling this ancient and dev-
astating infectious disease (40). 
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