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Abstract

Major challenges still exist in the accurate diagnosis of tuberculosis in children. Algorithms based 

on clinical and radiological features remain in widespread use despite poor performance. Newer 

molecular diagnostics allow for rapid identification of TB and detection of drug-resistance in a 

subset of children, but lack sensitivity. Molecular testing of multiple specimens, including non-

traditional specimen types, such as nasopharyngeal aspirates and stool and urine, may improve 

sensitivity, but the optimal combination of specimens requires further research. Novel tests under 

development or evaluation include a urine lipoarabinomannan test with improved sensitivity and a 

range of biomarkers measured from stimulated or unstimulated peripheral blood.
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Limitations of current diagnostic approaches

The substantial gap between tuberculosis (TB) notifications in children and the estimated 

true burden of illness(1) may, in part, be due to lack of awareness and screening, but likely 

also reflects the difficulty in establishing a confirmed diagnosis of pulmonary (PTB) in 

children. Most PTB diagnoses in children globally are made on clinical and radiological 

evidence, and microbiological confirmation remains unusual(1).

The reasons for the difficulty in confirming a diagnosis of PTB in children are well-

described(2, 3). Both clinical features and radiological findings are frequently non-specific 

or subtle, particularly in children with less severe illness(4, 5). Microbiological confirmation 

is hampered by difficulty obtaining samples from the site of disease: young children with 
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PTB are seldom able to provide an expectorated sputum sample and sputum induction or 

other sampling is needed which may not be available in high burden settings. Once a sample 

has been obtained, microbiological testing, whether by culture or nucleic acid detection, is 

relatively insensitive, compared with adult TB, since TB in children is frequently 

paucibacillary(6).

The difficulties in confirming a diagnosis of PTB also impact on our ability to assess the 

accuracy of novel diagnostics. Since microbiological confirmation is only achieved in a 

proportion of children who are clinically diagnosed with TB, a new diagnostic with better 

sensitivity than current reference standard microbiological testing, would appear to be 

poorly specific. As an alternative, a composite reference standard incorporating both 

microbiologically-confirmed and clinically-diagnosed TB may be used to assess the 

accuracy of a new test(7). However, the need for new diagnostics is predicated on the 

assumption that clinical diagnosis lacks accuracy, and so the use of a composite reference 

standard is an unsatisfactory alternative. New approaches are needed to assess the accuracy 

of novel diagnostics which perform better than current reference standard methods.

However, there have been several important advances in the past decade. Advances in 

imaging include the use of chest and mediastinal ultrasound, as well as abdominal 

ultrasound to detect disseminated disease (Ref. Article on Imaging by T. Pillay in this 

series). Chest MRI, which shows promise for detecting TB-specific lymphadenopathy may 

be helpful to develop an improved reference standard, but is not suitable for routine use in 

diagnosis, due to equipment and expertise required. Testing of alternative, non-invasive 

specimens, including induced sputum(8), nasopharyngeal aspirates(9), oral swabs(10), 

stool(11) and urine(12), has demonstrated utility or holds promise. Automated nucleic acid 

amplification tests provide rapid diagnosis in settings where mycobacterial culture is not 

feasible(13). Research on biomarkers for rapid identification of children at highest risk is 

advancing steadily. Several large consortia are now evaluating novel diagnostic approaches 

in multicentre studies, such as TB-SPEED (https://www.tb-speed.com) and RaPAED(14). 

Here, we review these advances, consider their role in diagnostics algorithms and highlight 

future research needed to advance this field.

Diagnostic approaches differ by setting

Diagnostic algorithms and approaches vary substantially depending on the level of care, 

resource availability and prevalence of TB. For example, in a well-resourced, low-prevalence 

setting, children presenting with respiratory symptoms compatible with TB may be given an 

initial course of antibiotics; lack of response might indicate chest radiography and blood 

testing for inflammatory markers such as C-reactive protein or complete blood count. A 

history of recent travel to an endemic area or close contact with a patient with TB would 

trigger further investigation, including tests of TB-sensitization (tuberculin skin test [TST] 

or interferon-gamma release assay), additional imaging (such as computed tomography, if 

chest radiography identifies abnormalities), and collection of respiratory specimens (induced 

sputum, bronchoalveolar lavage) for mycobacterial culture and automated nucleic acid 

amplification testing.
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In contrast, in a high burden setting, where the index of suspicion and risk of progression of 

disease is higher, initial evaluation of the child might include TST and chest radiography. If 

capacity exists, specimen collection might include induced sputum sampling for automated 

nucleic acid amplification testing, and liquid mycobacterial culture, if available. Empiric 

treatment of a child suspected to have TB, in the absence of microbiological confirmation, is 

more likely in this setting, than in a well-resourced setting, where a clinician may choose to 

monitor a less-ill child while waiting for microbiological test results.

Advances in the clinical diagnosis of TB in children

Clinical symptoms in children are non-specific, and clinical scoring systems perform with 

wide variability.(15) Symptom scores encompass clinical features, chest radiology and 

tuberculin skin testing. Clinical diagnosis may be especially challenging in HIV-infected, 

malnourished or young children. While TB was previously regarded as a chronic disease in 

children with the key clinical features being chronic cough or loss of weight in the preceding 

2 to 3 months, it is increasingly recognised that TB occurs in the context of acute pneumonia 

in children living in high TB prevalence areas. Several African studies have now identified 

M. tuberculosis from respiratory samples in children with acute pneumonia, with a meta-

analysis reporting culture confirmed disease in 8% of children with pneumonia.(16) Further, 

in a South African birth cohort study that prospectively investigated children for pneumonia 

and for TB, TB was strongly associated with recurrent pneumonia in the first 5 years of life.

(17) Importantly in this cohort almost all children were HIV negative, although a quarter of 

mothers were HIV-infected. The strong association of TB with childhood pneumonia, 

highlights the importance of accurate diagnosis to ensure appropriate therapy, underscoring 

the need to strengthen diagnosis and integrate childhood TB and pneumonia programs. 

Advances in radiological diagnosis are addressed in a separate paper in this series, but chest 

radiography remains the most widely used imaging tool, although specificity and interreader 

agreement are poor (Ref. Article on Imaging by T. Pillay in this series).

Microscopy and culture for the diagnosis of TB in children

Smear microscopy is an insensitive test for TB in children. A recent meta-analysis of 15 

paediatric studies which compared standard microbiological testing to nucleic acid 

amplification testing with Xpert MTB/RIF, found the pooled sensitivity of smear microscopy 

to be 22% (gastric aspirate) or 29% (induced/expectorated sputum) compared with 

mycobacterial culture(6). Mycobacterial culture remains the most sensitive method for 

microbiological confirmation of TB in children, but since many children are diagnosed 

clinically with PTB, despite negative microbiological testing, culture is considered to be an 

imperfect reference standard. For example, in the same meta-analysis, the yield of 

mycobacterial culture amongst 939 children with a diagnosis of TB was only 24.4%(6). The 

apparent low yield of culture may reflect the insensitivity of culture, the poor specificity of 

clinical diagnosis, or – most likely – the combination of both.

It is perhaps insufficiently recognized that mycobacterial culture is not uniformly well-

implemented. Although automated liquid culture systems are now widely used, and 

significantly more sensitive than culture on solid media, the process of preparing a sample 
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for culture is technically demanding. Potentially contaminated samples, such as sputum, 

undergo decontamination to remove rapidly growing bacteria, typically with sodium 

hydroxide, before culture. The concentration of sodium hydroxide used varies by laboratory. 

Whilst this has not been well-studied, it is possible that less heavily contaminated samples 

from children may require less harsh decontamination protocols than those from adults, and 

that this may affect mycobacterial yield. In one before-and-after study, the change from 

1.5% to 1% sodium hydroxide concentration was associated with an increase in M. 
tuberculosis yield from 6.0 to 9.7% with no corresponding increase in contamination 

rate(18). The optimization of mycobacterial culture methods for paediatric samples, and for 

different respiratory sample types, requires further study.

Nucleic acid amplification tests for the diagnosis of TB in children

The development and implementation of automated nucleic acid amplification tests 

(NAATs) for TB has been a significant advance(13). Xpert MTB/RIF has led the field(19), 

however the BD MAX MDR-TB assay(20) from Becton Dickinson, has recently 

demonstrated similar accuracy to Xpert MTB/RIF in clinical testing. There are several 

important advantages to these tests: both are simultaneously able to detect the presence of 

M. tuberculosis DNA and identify resistance to rifampicin (the BD MAX assay also 

identifies most cases with isoniazid resistance), tests are rapid, operator dependence is 

greatly reduced compared to earlier NAATs, and the Xpert MTB/RIF platform is relatively 

small, and suitable for testing at decentralized sites, closer to the point-of-care(19). A meta-

analysis of the accuracy of a single Xpert MTB/RIF test in children found a pooled 

sensitivity of 62% and 66% for sputum and gastric aspirate/lavage respectively, compared 

with a microbiological reference standard. Specificity for both sample types was 98%(21). 

The test identified the presence of M. tuberculosis DNA in only 2% of clinically diagnosed 

(but culture-negative) cases. Testing an additional sample with Xpert MTB/RIF increased 

the diagnostic yield (over a single Xpert MTB/RIF test) by between 8 and 20%.

A newer version of the Xpert MTB/RIF assay, Xpert MTB/RIF Ultra (Ultra) has improved 

sensitivity (with slightly reduced specificity) in adults(22). Ultra, done on induced or 

expectorated sputum or bronchoalveolar lavage fluid, has recently been evaluated in several 

paediatric cohorts where it showed improvement in sensitivity over Xpert MTB/RIF of 

between 2% and 10%, with marginally lower specificity(23–25).

The extent of uptake of NAAT testing for TB in children in high burden settings is not well-

studied, however it is likely that cost and the perceived difficulty in obtaining suitable 

specimens for testing are significant obstacles to wider implementation. Preferential pricing 

for the Xpert assays in high burden countries is approximately US$10 per test, excluding 

instrument and overhead costs. However, the number of tests for paediatric TB diagnosis is 

likely only a very small proportion of those done to diagnose adult disease. This reflects the 

perceived difficulty in obtaining respiratory samples for testing from children. The utility of 

more accessible samples for TB testing in children has therefore been a major focus of 

recent research.
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Alternative specimen types for microbiological testing for TB in children

Several studies have compared the microbiological yield (culture or Xpert MTB/RIF) from 

induced sputum samples with that from gastric aspirate or lavage. Results are conflicting, 

with some studies showing improved yield from induced sputum(8, 26), others from gastric 

aspirate/lavage(27, 28) and others no difference(29). It is possible that this variation may 

reflect familiarity and expertise with collection of particular specimen types. More recently, 

nasopharyngeal sampling (aspirate or swab) has been described as a promising alternative to 

more invasive, or resource-intensive, sampling(9). In most studies, the microbiological yield 

from nasopharyngeal samples was lower than that from gastric aspirate or induced 

sputum(9, 30–32). Oral swabs collected from the buccal or tongue mucosa are even simpler 

to collect. A pilot study, using an in-house NAAT, has demonstrated proof of principle, 

however sensitivity was low(10). The optimization and accuracy of oral swab testing using 

commercial NAATs is an area requiring further research.

Testing of combinations of different specimens is likely to optimize microbiological yield 

but may be less feasible and add significant cost. For example, one study in South Africa 

showed that the combined yield from Xpert MTB/RIF Ultra testing of one induced sputum 

specimen and two nasopharyngeal aspirates was 88% (compared to mycobacterial culture of 

sputum)(33). An alternative to testing multiple specimens individually is to pool specimens 

and do a single test on the pooled specimen. However, testing of a pooled gastric aspirate, 

nasopharyngeal aspirate and induced sputum specimen with either culture or Xpert 

MTB/RIF did not show significant benefit over testing a gastric aspirate alone(34).

There is increasing interest in the use of stool as a diagnostic specimen(11, 35–37). Since 

young children swallow their sputum, the presence of M. tuberculosis in stool may signify 

either pulmonary or extrapulmonary (gastrointestinal) TB. A recent meta-analysis of the 

accuracy of Xpert MTB/RIF testing of stool from children with presumptive TB showed a 

pooled sensitivity of 67% and specificity of 99% compared to a microbiological reference 

standard(11). Sensitivity was higher (79%) amongst children with HIV infection compared 

to HIV-uninfected children (60%). Protocols for the preparation of stool prior to Xpert 

testing vary widely, and several multicentre studies are currently comparing the yield and 

feasibility of different stool processing methods.

In summary, testing of a range of respiratory or non-respiratory samples with Xpert 

MTB/RIF or Ultra allows rapid identification of children with TB, as well as rifampicin 

susceptibility. Repeated tests (2 specimens per child) in children substantially improve 

sensitivity. Since test specificity is high, a positive test can be used to rule-in TB in a child, 

except where the pre-test probability of TB is very low or where a child has been recently 

treated for TB, as the test may remain positive for months(38). However, since sensitivity, 

even with multiple specimens, remains lower than that of culture, NAAT testing should not 

be used to rule out a diagnosis of TB in a child.

Urine can be relatively easily obtained from children and is therefore an attractive specimen 

for TB testing. Mycobacterial lipoarabinomannan (LAM) can be detected in the urine of 

adult TB patients with advanced HIV infection using a simple lateral flow assay, suitable for 
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use at the point-of-care(39). Randomized clinical trials have shown that implementation of 

the Alere Determine TB LAM test (AlereLAM, Abbott, Chicago, IL, USA) for rapid 

diagnosis of HIV-associated TB reduces mortality amongst adult in-patients(40, 41). The 

reported sensitivity of AlereLAM for diagnosis of TB in HIV-infected children has ranged 

from 43% to 65%, with a very wide range in specificity (51% to 94%)(42–44). The reasons 

for the wide range in specificity are not clear, but may relate to the patient population, 

reference standard testing, or, most probably, specimen collection method. Although method 

of specimen collection is not always reported, in younger children the use of urine bags may 

be associated with heavy contamination by skin and faecal flora. Contamination with 

bacteria found in stool may result in false-positive LAM tests(45). More recently, Broger 

and colleagues have reported on the accuracy of a novel LAM assay, Fujifilm SILVAMP TB 

LAM (FujiLAM; Fujifilm, Tokyo, Japan)(46), which showed substantially improved 

sensitivity in HIV-infected adults compared with AlereLAM (70% vs. 42%). The results of 

the first evaluations of FujiLAM in children are expected soon.

Host biomarkers for the diagnosis of TB in children

Whilst microbiological diagnosis aims to detect the causative pathogen, diagnostic 

approaches using host biomarkers aim to identify a characteristic immune or inflammatory 

response to M. tuberculosis. Biomarkers may be measured from blood samples tested 

directly ex vivo, or from samples which are first stimulated with mycobacterial antigens, to 

elicit M. tuberculosis-specific responses. Commercially-available interferon-gamma release 

assays are based on the latter principle, and, while specific for the pathogen, are unable to 

distinguish between active infection, recent prior infection and latent infection(47). Other 

approaches using stimulated blood include ELISPOT (Enzyme-linked enzyme-Linked 

Immune Absorbent Spot) assays, targeting T helper 1 cytokines such as interferon-gamma 

and interleukin-2(48), the detection of antibodies secreted by TB-specific plasma 

cells(49)and flow cytometry-based tests, such as the T cell activation marker (TAM)-TB 

assay(50). The TAM-TB assay has shown promising accuracy in a small study (sensitivity 

83%, specificity 97% in 113 children of whom 18 had culture-confirmed TB), but is 

currently complex and not suitable for implementation outside of research settings.

However, assays based on direct ex vivo testing of blood are most attractive, as they hold the 

potential for inexpensive testing close to the point of care. These may be based on detection 

of metabolic markers(51) or, most promisingly, of host transcriptional signatures. A large 

multicentre African study by Anderson and colleagues(7) used microarrays to identify a 51-

transcript RNA signature from children in South Africa and Malawi, and then validated the 

findings in a cohort of Kenyan children. In the validation cohort, sensitivity and specificity 

were 83% and 84% for microbiologically-proven TB, and a disease risk score derived from 

the transcriptional profile showed a strong relationship with strength of diagnosis amongst 

children with clinically diagnosed TB. There are several major hurdles which tests of this 

type will need to overcome before translation into clinical use, including further validation 

in different populations, reduction of the number of transcripts required to identify TB, 

transfer to a testing platform more suitable for testing in hospital laboratories and field 

evaluation in the setting of intended use. However, technologies are rapidly evolving, and 

these obstacles are not insurmountable.
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Despite these important advances, a major obstacle remains to the evaluation and 

implementation of diagnostics for TB in children. This is well-illustrated by the Anderson 

biomarker study. In this study, the transcript-based disease risk score was positive in 63% of 

those in whom tuberculosis was ‘highly probable’, 42% of those in whom it was “probable, 

and 35% of those in whom it was “possible”. Since these positive scores were found in 

children with negative microbiological tests for TB, it is impossible to obtain a true estimate 

of the accuracy of the transcript-based score. Statistical approaches, such as latent class 

analysis(52), may assist in addressing this difficulty, however the only way to convincingly 

demonstrate the accuracy of a novel diagnostic with improved sensitivity over the current 

reference standard of mycobacterial culture, is through interventional studies. The clinical 

evaluation of a novel, highly-sensitive diagnostic, for example, a biomarker with very high 

sensitivity which could be used as a rule-out test for TB, will inevitably require 

implementation in a diagnostic algorithm in which treatment decisions are made, at least in 

part, on the index test being evaluated. These studies will need to be done in highly 

controlled clinical settings with close follow up of children, but if we are to make real 

advances in the development of improved diagnostics for TB in children, such studies are 

essential.
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Educational aims:

The reader will be able:

• To highlight limitations in current diagnostic approaches for TB in children

• To review the role of nucleic acid amplification assays in the diagnosis of TB 

in children

• To identify specimen types most suitable for microbiological testing for TB in 

children

• To identify promising new tests in development or under evaluation
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Future directions for research

• The assessment of diagnostic algorithms utilising clinical indicators and 

different diagnostic testing procedures.

• Investigation of the best readily gathered samples [Saliva, sputum, blood, 

stool, urine] matched to available technology at point of care for diagnostic 

testing.

• An evaluation of accurate, reliable and inexpensive testing kits for preferred 

diagnostic parameters at point of care sites.
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