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Background: Childhood tuberculosis (TB) accounts 
for a significant proportion of the global tuberculosis 
disease burden. However, current and previous efforts 
to develop better diagnostic, therapeutic, and preventive 
interventions have focused on TB in adults, and 
childhood TB has been relatively neglected. The purpose 
of this review is to provide an update on the diagnostic 
and therapeutic recommendations for childhood TB 
with an emphasis on intrathoracic disease.

Data sources: The literature from a range of sources 
was reviewed and synthesized to provide an overview 
of the contemporary approaches for the diagnosis and 
treatment of childhood TB.

Results: This review summarizes the clinical, 
radiological, bacteriological, and immunological 
approaches to diagnose TB infection and disease in 
children. In addition, we summarize the updated 
guidelines for the treatment of TB in children.

Conclusions: The development of better diagnostic 
and therapeutic methods for childhood TB remains a 
significant challenge. As the strategies for diagnosis and 
treatment of childhood TB continue to improve and the 
knowledge base increases, the implementation of these 
strategies will be crucial.
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Introduction

Childhood tuberculosis (TB) accounts for 
approximately 15%-40% of all TB cases.[1-5] 
High rates of transmission are sustained in TB-

endemic areas due to high case density and prolonged 
diagnostic delay.[6] Because childhood TB reflects 
ongoing transmission, children are most often affected 
in areas where the adult epidemic is poorly controlled.[7] 
In addition, childhood TB remains neglected for various 
reasons, including the difficulty in diagnosing pulmonary 
TB, the lack of scientific studies on childhood TB, the 
largely unknown outcomes of children with TB, and the 
belief that childhood TB is not an important factor in 
TB control.[8,9] In recent years, there have been several 
important developments in the diagnosis and treatment 
of childhood TB infection and disease. This article 
provides a brief overview of current controversies and 
recent advances in the care of children with TB with an 
emphasis on intrathoracic disease.

Data collection
We initially collected all of the articles that were 
published from January 2002 to June 2012, which 
described children who were affected by TB. These 
articles were obtained by searching MEDLINE using 
the key words "childhood tuberculosis" and "diagnosis 
of tuberculosis or management of tuberculosis". Articles 
that were not published in the English language, those 
without an abstract (which were assumed not to be 
original), and opinion articles were excluded from 
the review. After selecting the articles, the relevant 
information was extracted and classified according to 
TB diagnosis, TB management, the country of the first 
author, the year of the publication, and the study design.

Literature searching was performed in May 2012 
and June 2012. Using the search terms previously 
described, 163 articles were retrieved from MEDLINE. 
Finally, 109 of them were considered to be relevant. 
The first authors of these articles were primarily from 
India, South Africa, the United Kingdom, the United 
States, Germany, and Australia. About 35% of the 
articles, which belonged to original category were from 
India. After analyzing the abstracts of the articles, we 
found that 85% of the studies were retrospective, 10% 
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were prospective, and 5% were other designs.

Diagnosis of TB infection
Tuberculin skin test
A positive tuberculin skin test (TST) reaction has been 
used as a hallmark of infection with M. tuberculosis, 
which occurs within 3 to 6 weeks of infection but 
occasionally up to 3 months after infection and remains 
positive for life time even after treatment.[10-12] The test 
is read 48-72 hours after injection. The Mantoux test is 
the standard tuberculin test that is recommended for use, 
which involves an intradermal injection of 2 tuberculin 
unit purified protein derivative (TU PPD).[13] The 
evoked reaction is dependent on the amount of antigen 
administered; however, there is no linear relationship 
between the reaction and an increasing strength of 
the antigen dose.[14] A prior Bacillus Calmette-Guérin 
(BCG) vaccine at birth may influence the PPD reaction 
under 3 years of age, but does not interfere with PPD 
reaction above 3 years of age.[15,16] When the patient 
returns for a TST reading after 72 hours but before the 
7th day post-injection, a positive test is still valid.[17] 
A repeat test may be needed if there is no induration 
and the wheals appear after the stipulated time for 
reading. A repeat tuberculin test, when required, should 
preferably be performed on the opposite arm.[17] In the 
United Kingdom,[18] a TST is considered positive when 
the induration is 5 mm or more in diameter in patients 
without prior BCG vaccination. In contrast, the World 
Health Organization (WHO) guidelines suggest that a 
TST is positive when the induration is more than 10 mm 
in diameter in patients without prior BCG vaccination 
and more than 15 mm in diameter in patients with prior 
BCG vaccination.[19] The guidelines in Taiwan use a 
risk categorization that is based on epidemiological and 
clinical factors (Table 1).[20]

Tuberculin skin tests are prone to both false-
negative and false-positive results. In otherwise 
immunocompetent children with culture-documented 
TB, 10%-15% of these children do not initially exhibit 
TST reactivity.[21] Host factors, such as young age, 
poor nutrition, immunosuppression, viral infections, 
recent TB infection, and disseminated TB disease, can 
further decrease TST reactivity.[22,23] Most of consensus 
documents concerning TST interpretation agree that 
malnutrition can cause a TST false negative result;[22] 
however, some studies[23,24] conclude that only some co-
morbidities can modify TST, without specific nutritional 
status. In addition, false-positive TST results may occur 
after BCG vaccination and exposure to environmental 
non-tuberculous mycobacteria.[25] In many children and 
adults who receive BCG vaccination, skin reaction can 
be boosted by antigenic stimulation during serial testing 
with TST.[26]

Interferon-gamma release assays
Because of the limitations of TST, new diagnostic tests 
have been developed. Interferon-gamma release assays 
(IGRAs) are blood-based assays and have recently 
become available. These T-cell-based assays rely on the 
stimulation of host blood cells with M. tuberculosis-
specific antigens (early secretory antigenic target-6, 
the culture filtrate protein 10, and QuantiFERON-TB 
Gold TB 7.7), and are used to measure the production 
of interferon-γ. Two available commercial assays, the 
T-Spot TB assay (Oxford Immunotec, Inc., Abingdon, 
UK) and the QuantiFERON-TB Gold assay (Cellestis, 
Ltd., Carnegie, Victoria, Australia) are compared, 
with TST for the detection of both active disease and 
latent tuberculosis infection.[27] Overall, the results 
indicate that IGRAs have a modest predictive value, 
which is similar to that of TST. In the settings with a 
low TB incidence, the IGRAs demonstrated a higher 

Table 1. Interpretation of positive Mantoux tests in children
British Thoracic Society[18] World Health Organization[19] Taiwan Centers for Disease Control[20]

10TU PPD per 0.1 mL 5TU PPD-S per 0.1 mL
   (alternatively 2 TU PPD RT23)

2TU PPD RT23

5-14 mm if not BCG vaccinated ≥ 5 mm if one of the following: ≥5 mm if one of the following:
    HIV positive children     Cancer
    Severely malnourished children
      (clinical evidence)

    Organ transplant 
    Immunosuppression

>15 mm if BCG vaccinated
 

≥10 mm for all other children
    whether BCG vaccinated or not

≥10 mm and if one of the following:
    Children aged >6 years and BCG vaccinated >6 years or without
      BCG vaccinated or with one of following risk factors: close contact
      with active TB patients; having family history of TB; having chronic
      diseases, such as diabetes
    Malnutrition
    Drug abuser
>15 mm and if children aged ≤6 years or BCG vaccinated ≤6 years

TU: tuberculin unit; PPD: purified protein derivate; BCG: Bacille Calmette-Guérin; HIV: human immunodeficiency virus; TB: tuberculosis. 
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specificity (100% and 98% for the QuantiFERON-
TB assay and the T-Spot assay, respectively) than TST 
(58%) in children with TB.[28] A study of children with 
TB disease indicated lower sensitivities of the T-spot 
TB assay (58%) and the QuantiFERON TB assay 
(80%) compared with the TST (83%).[29] A study[30] 
indicated a higher sensitivity of 100% and a specificity 
of 93% for TST at a cut-off point of >5 mm in 
children without BCG vaccination. In BCG-vaccinated 
children, the TST cut-off point of >10 mm had a 
poor specificity (86%), and the cut-off point of >15 
mm results in a reduced sensitivity of 60%. Another 
significant problem with IGRAs has been the risk of 
indeterminate tests, particularly in younger children 
and immunocompromized individuals.[31] The rates of 
indeterminate tests are higher for the QuantiFERON-TB 
Gold assay than for the Enzyme-linked Immunosorbent 
Assay in immunosuppressed individuals.[32,33]

T-cell assays are more specific than TST, but 
these tests currently cannot distinguish between active 
disease and latent tuberculosis infection.[27] Therefore, 
the interpretation of the test results is dependent on 
the clinical context. Few studies[34,35] have presented 
pediatric T-cell assay data, but none of these studies 
assessed age-related performance. Therefore, the 
performance of T-cell assays in very young children and 
in immunocompromised individuals, such as patients 
with human immunodeficiency virus (HIV), is not well-
defined. The costs and technical demands of IGRAs 
will most likely limit the wide use of these assays in 
resource-poor settings where better tests are in high 
demand.

A n o t h e r  i m m u n e - b a s e d  a p p r o a c h  i s  t h e 
measurement  of  the  immune response  to  the 
transdermal application of M. tuberculosis MPB-64 
antigen. In pilot studies, the MPB-64 skin patch test can 
successfully distinguish between active TB and latent 
tuberculosis infection (LTBI) (a sensitivity of 88%-98% 
and a specificity of 100%).[36]

The search for novel biomarkers in the blood or 
urine that can reliably distinguish between active and 
latent tuberculosis in children with or without co-
infections remains an important goal.[37-39] Well-defined 
cohorts of pediatric patients in tuberculosis-endemic 
and non-endemic settings will be essential for the 
initial screening and future validation of such potential 
markers.[40]

Diagnosis of disease
Clinical features
The diversity of the clinical presentation and the non-
specific nature of the symptoms of TB complicates 

the diagnosis. Low-grade or intermittent fever may be 
observed but not frequently.[9] A cough of recent onset 
that lasts longer than 2 weeks should be suspicious 
of TB.[41] Therapeutic trials with anti-TB drugs are 
not recommended; however, efforts should be made 
to confirm the diagnosis. The clinical signs are often 
subtle, and no diagnostic scoring has been adequately 
validated.[42]

Chest radiograph
A chest radiograph localizes the site of pathology; 
however, this test does not confirm disease etiology.[43] 

The chest radiograph of a child with bronchiectasis or 
an interstitial lung disease may present non-resolving 
shadows with persistent symptoms. Ultrasonography 
of the chest is helpful to assess pleural fluid collection, 
but decubitus chest X-ray film may reveal similar 
information. Computed tomography (CT) has been 
useful in identifying the signs of early pulmonary 
disease, such as cavitation and intrathoracic hilar 
lymphadenopathy.[44] There is no evidence that these 
adenopathies indicate active disease or that these 
children require different treatments. Consequently, 
until demonstrated otherwise, pulmonary CT scanning 
and changes in chemoprophylaxis are not justified in 
children with tuberculosis infection.[45] Additionally, 
central nervous system disease, such as TB meningitis or 
a tuberculoma, may be identified by CT. High-resolution 
CT offers excellent anatomical visualization.[46] However, 
because of the high cost of CT and the high level of 
radiation to which the patient is exposed,[43] compared 
with other forms of imaging, CT should be reserved for 
complicated cases. Both CT and magnetic resonance 
imaging (MRI) are particularly helpful in visualizing 
the intracranial effect of the disease; however, MRI is 
more sensitive in the detection of brain stem lesions 
and early perfusion defects in patients with tuberculous 
meningitis, and MRI allows for a superior evaluation of 
the spine and soft tissue.[47]

Bacteriological diagnosis/confirmation
A confirmation of acid-fast bacilli (AFB) from any 
type of body fluid or tissue is the gold standard for the 
diagnosis of tuberculosis. Such proof is often lacking in 
childhood tuberculosis cases because of the difficulty in 
the collection of sputum and because of paucibacillary 
primary disease in children. However, positive AFB 
test yield in advanced cases may be as high as in adults. 
The reported bacteriological positivity is as high as 
33% even in early primary disease states, such as hilar 
adenopathy.[43,44] Therefore, efforts must be made to 
confirm a diagnosis with bacteriological testing in 
every case of suspected tuberculosis. The examination of 

;
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sputum-induced or spontaneous gastric aspirates (GAs), 
bronchial washings, and any other appropriate body 
fluid may be undertaken. In addition, bronchoalveolar 
lavage (BAL) can be performed when available. To 
date, the sensitivity and specificity of GA examination 
and BAL are similar; however, GA examination is 
easier to perform.[48] A gastric aspirate collected in the 
early morning is the preferred specimen for most young 
children with suspected TB. The aspirate is preferable for 
detecting AFB and isolating M. tuberculosis.[49] Clinicians 
should collect at least three samples, regardless of the 
method that is selected.

Ziehl-Neelsen and fluorochrome stains, such as 
auramine and rhodamine stains, have been the standard 
and rapid diagnostic tools for TB.[50,51] A Ziehl-Neelsen 
stain can reveal AFB only if the sample contains more 
than 10 000 bacilli per mL. Recent advances in light-
emitting diode (LED) technology have widened the 
application of fluorescent microscopy.[52]

Mycobacterial culture of respiratory samples is a 
useful method for diagnosis in children with suspected 
pulmonary TB. Different culture methods, such as 
Löwenstein-Jensen (LJ) medium (solid medium), 
radiometric methods (BATEC 12B liquid medium), and 
non-radiometric methods (BATEC MGIT 960 system) 
(Becton Dickinson Diagnostic Instrument System, 
Towson, MD, USA), can be used to confirm a diagnosis 
in the paucibacillary state.[53] Newer methods offer 
faster results and may be used when available.

New culture-based methods, such as TK medium 
(SALUBRIS, Woburn, MA, USA), use multiple 
dye indicators, which allow for the early detection 
of mycobacterial growth using the naked eye.[54] 
Colorimetric systems reduce turnaround times, but 
the accuracy and robustness of these methods in 
field conditions have not been reported. The drug 
susceptibility assay uses an inverted light microscope 
to rapidly detect mycobacterial growth in liquid growth 
media.[52] This assay has demonstrated excellent 
performance in field conditions.

Bacteriophage-based assays use bacteriophage 
viruses to infect and detect the presence of viable M. 
tuberculosis isolates in clinical samples and culture 
isolates. The following two main approaches have been 
developed: (1) the use of phage amplification to detect 
the presence of mycobacteria and (2) the detection of 
the light that is produced by luciferase reporter phages 
after infection of live M. tuberculosis. When the assays 
detect M. tuberculosis in drug-free samples but fail 
to detect M. tuberculosis in drug-containing samples, 
the strains are classified as drug susceptible. Phage 
assays have a turnaround time of 2-3 days, and these 
assays require a similar laboratory infrastructure to that 
required for standard cultures. There is no information 

on the utility of these tests in the diagnosis of childhood 
TB.[29]

The use of a gas sensor array electronic nose (E-nose) 
to detect different Mycobacterium species in the 
headspaces of cultures and sputum samples is another 
innovative approach that is currently in development. 
The array uses 14 sensors to profile an odor by assessing 
the change in the electrical properties of each sensor 
when the array is exposed to a specific odor mixture. In 
a recent study that analyzed sputum samples from adult 
TB and non-TB patients, the E-nose had a sensitivity 
of 68% and a specificity of 69%.[55] Additional research 
is required to improve the sensitivity and specificity of 
this test and determine the potential usefulness of this 
test in the diagnosis of childhood TB.

Molecular diagnostics
Diagnostic methods for M. tuberculosis have recently 
improved, and nucleic acid-based amplification 
techniques (NAATs) now allow for rapid and sensitive 
detection in clinical settings.[56,57] Currently, several 
assays are commercially available for the detection of M. 
tuberculosis bacteria. NAATs that use polymerase chain 
reaction (PCR) cannot differentiate between living and 
dead bacilli; therefore, these tests continue to produce 
positive results even after successful treatment. PCR 
tests are positive in 95%-100% of culture-positive cases 
but in only 50%-60% of culture-negative cases.[58]

Real-time PCR has become increasingly available 
for clinical use, and this test has the advantage of 
lower cross-contamination and the ability to identify 
rifampicin resistance. The rpoB gene of M. tuberculosis 
accounts for more than 95% of rifampicin resistance. 
Because rifampicin resistance is usually accompanied 
by isoniazid resistance, this test is used as a marker for 
multi-drug resistant TB.[29]

Line probe assays (LPAs) are  NAATs that 
simultaneously detect infection with M. tuberculosis 
and amplify regions of drug resistance. These assays 
use strip technology in which amplified DNA is applied 
to strips that contain probes specific for M. tuberculosis, 
isoniazid, and rifampicin resistance. The WHO has 
endorsed LPAs for culture and smear-positive clinical 
specimens as part of a larger commitment to target and 
implement new technology in countries with a high 
burden of TB.[59]

In addition, NAATs have been used for the rapid 
detection of rifampicin resistance directly from sputum 
specimens. The Xpert mycobacterium tuberculosis/
resistance to rifampicin is a cartridge-based, automated 
diagnostic test that is rapid and simple to use. This test 
correctly identified 98% of bacteria that were resistant 
to rifampicin in a large study in adults.[29]
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Management of tuberculosis
The principles of TB treatment for adults and children 
are the same. Combination regimens that are used to 
treat active disease aim to eliminate actively replicating, 
dormant, and near-dormant mycobacteria. The regimens 
consist of a combination of drugs with minimum 
toxicity that has different actions, which prevent the 
emergence of drug-resistant organisms.[60]

TB treatment consists of two phases: an intensive 
phase with a combination of bactericidal drugs to kill 
the rapidly growing bacilli and a continuation phase 
with fewer drugs to eradicate the slower-growing 
persistent bacilli.[60] The adjunctive use of steroids in 
TB meningitis treatment has reduced mortality rate and 
severe disability.[61]

Fixed-dose combination tablets have increased 
adherence to treatment regimens; however, the marked 

differences in the absorption, distribution, and excretion 
of pharmacological agents in children of various ages 
may require dose adjustments.[62] Tables 2 and 3 list 
the regimens by disease category that are currently 
recommended by the WHO and the Taiwan Centers for 
Disease Control (CDC).[20,60,62] Pharmacokinetic studies 
have been performed in children and have indicated 
that age is a determinant of the serum levels of all first-
line anti-TB drugs and that infants and young children 
have lower peak serum levels than older children or 
adults.[20,60,63,64] The revised recommended dosages are 
listed in Table 4.

Drug-resistant tuberculosis
Poor patient compliance to anti-TB therapy is the major 
contributory factor to TB control program failure and 
has led to increasing drug resistance.[62] Diagnosing 
cases who present with symptoms, coupled with 
effective treatment to ensure that most are cured, 
has contributed to both developing and developed 
countries.[65] After the institution of nationwide 
Directly Observed Treatment Strategy programmes, 
the annual risk of infection declined in Chile, Cuba 
and Uruguay.[66] The rates of drug resistance to 
any TB drug range from 20% to 80% in different 
geographic regions.[62] Resistance should be suspected 
when an index case has known resistant TB, when 
the child demonstrates initial improvement on anti-
TB treatment and then deteriorates, or when there is 
no response to the initial treatment. Sometimes, the 

Table 2. World Health Organization recommendations for tuberculosis 
treatment regimens for children[60,62]

Disease Setting  
Anti-TB drug regimens
Intensive
  phase

Continuation
  phase

Extensive pulmonary Any 2HRZE 4HR
Mild-to-moderate
  pulmonary

High HIV or high
  isoniazid resistance

2HRZE 4HR

Mild-to-moderate
  pulmonary

Low HIV or low
  isoniazid resistance

2HRZ 4HR

Lymphadenitis High HIV or high
  isoniazid resistance

2HRZE 4HR

Lymphadenitis Low HIV or low
  isoniazid resistance

2HRZ 4HR

Meningitis Any 2HRZE 4HR
Osteoarticular Any 2HRZE 4HR
H: isoniazid; R: rifampicin; Z: pyrazinamide; E: ethambutol; TB: 
tuberculosis; HIV: human immunodeficiency virus; 2HRZ 4HR: 
a two-month intensive phase of daily isoniazid, rifampicin, and 
pyrazinamide, followed by a four-month continuation phase of daily 
isoniazid and rifampicin. 

Table 3. Treatment regimens for children recommended by Centers for 
Disease Control, Taiwan, China[20]

Category of disease
Anti-TB drug regimens
Intensive phase Continuation phase

PTB, mild EPTB 2HRZ* 4HR
Severe EPTB 2HRZ* 7-10HR
TB meningitis 2HRZA or 2HRZP 7-10HR
MDR Individualized regimens
HIV infection 2HRZ 7-10HR
TB: tuberculosis; PTB: pulmonary tuberculosis; EPTB: extra-
pulmonary tuberculosis; H: isoniazid; R: rifampicin; Z: pyrazinamide; 
A: aminoglycoside; P: prothionamide; 2HRZ 4HR: a two month 
intensive phase of daily isoniazid, rifampicin, and pyrazinamide 
followed by four-month continuation phase of daily isoniazid and 
rifampicin; HIV: human immunodeficiency virus. *: Three drugs 
(isoniazid, rifampicin, and pyrazinamide) initial regimen are only 
recommended in countries where primary resistance to isoniazid under 
4%. 

Table 4. First line-anti-TB drugs for children currently recommended 
by WHO[60,62] and Centers for Disease Control (CDC), Taiwan, China[20]

Drug
Daily dosage (dose range) in mg/kg
Recommended
  by WHO

Recommended by
  Taiwan CDC, China

First-line oral agents
    Isoniazid   10-15   10-15
    Rifampicin   10-20   10-15
    Pyrazinamide   30-40   15-20
    Ethambutol   15-25   15-20
Injectable agents
    Streptomycin   15-20   20-40
    Amikacin   15-22.5   15-30
    Kanamycin   15-30   15-30
    Capreomycin   15-30
Second-line oral bacteriostatics
    Prothionamide   15-20   15-20
    Ethionamide   15-20   10-15
    Cycloserine   15-20   10-20
    Para-aminosalicylic acid  150 150-600
Fluoroquinolons
    Moxifloxacin  7.5-10  7.5-10
    Ciprofloxacin  20 twice daily
    Levoflaxacin  7.5-10  7.5-10
    Ofloxacin   15-20
WHO: World Health Organization. 
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deterioration of the child condition after initial anti-
TB treatment could also be due to the paradoxical 
effect of TB therapy, not always due to drug resistance. 
Acquired resistance is well-described in adults who are 
co-infected with HIV and who were previously treated 
for TB, which possibly results from malabsorption of 
the anti-TB medications.[67,68] In addition, the presence 
of acquired resistance in the pediatric population has 
been reported, and children with HIV/TB co-infections 
should be closely monitored.[68]

The global epidemiology of drug resistance has 
worsen over the past 40 years, particularly with the 
emergence and increased recognition of multi-drug 
resistant (MDR) and extensively drug resistant (XDR) 
tuberculosis.[69] The disease burden of drug resistant 
tuberculosis can be reduced by treating contacts at 
high risk of TB infection and of progressing from 
TB infection to disease.[70] Treatment for MDR TB 
disease is expensive and is associated with poor 
prognosis and high risk of toxic effects.[71] Principles 
for management of drug-resistant TB in children have 
been summarized elsewhere.[70] Excellent outcomes 
have been reported.[72,73] Current guidelines recommend 
using at least four drugs in treatment-naïve patients, 
including an injectable agent and a fluoroquinolone, 
during an initial phase for at least 6 months.[74,75] The 
initial phase should be followed by the use of at least 
three of the most active and best tolerated drugs during 
a 12- to 18-month continuation phase. Standardized 
regimens have been developed for settings where drug 
susceptibility testing is not available.[76] Six classes of 
second-line drugs are available;[76] however, research 
regarding the use of these drugs in children is limited, 
and multicenter pediatric trials are needed.[74] The 
rates of MDR strains (resistant to both isoniazid and 
rifampicin), including XDR strains (also resistant 
to fluoroquinolones and at least one second-line 
injectable agent, such as amikacin, kanamycin, and/or 
capreomycin), are increasing around the world.[67]

Latent TB infection
The duration of LTBI treatment varies by region. 
In the United States, 9 months of isoniazid is the 
recommended regimen for treating drug-susceptible 
LTBI in children according to the guidelines of the 
American Thoracic Society and the CDC.[77] In contrast, 
both the WHO and the National Institute for Health 
and clinical Excellence endorse a 6-month isoniazid 
regimen for children.[78] In the US Guidelines, the 
6-month regimen is an acceptable alternative only 
for non-HIV-infected adults. Six months of therapy 
provides a substantial degree of protection; but data 
suggest that longer regimens are superior.[79] One study 
showed that a 3-month regimen of preventive therapy 

with isoniazid and rifampin was similar to efficacy to 
a 9-month regimen of isoniazid alone for treatment of 
LTBI in children.[80]

Conclusion
Advances in TB diagnostic tool development over 
the last decade have produced promising methods to 
overcome the main barriers in TB care and control. 
In the future, new tools in the pipeline need to be 
rapidly assessed and deployed if these tools are 
found to be effective. The use of diagnostic tools 
without appropriate treatment constitutes an untenable 
situation. Therefore, as we capitalize on technological 
advancements, the commitment to treatment should 
increase. Closing the gaps between our knowledge 
of diagnostics, drugs, and the delivery of patient care 
is needed while we wait for the next wave of new 
technologies.
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