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Table 1. Should Xpert Ultra in gastric aspirate or stool be used to diagnose pulmonary 
tuberculosis in children aged below 10 years, against a microbiological reference 
standard?

POPULATION: Children aged below 10 years with signs and symptoms of TB

INTERVENTION: Xpert Ultra in gastric aspirate specimens; Xpert Ultra in stool specimens

PURPOSE OF THE TEST: Diagnosis of pulmonary TB and/or rifampicin resistance 

ROLE OF THE TEST: Replacement test for smear, culture and DST as initial test for the diagnosis of PTB in children (used as part of an algorithm to determine if a child has pulmonary TB and if they 
are resistant to rifampicin, which necessitates a choice of treatment regimen (rifampicin susceptible and resistant regimens are treated with different regimens))

LINKED TREATMENTS: First or second-line anti-TB treatment

ANTICIPATED OUTCOMES: Improved case detection of TB among children 

SETTING: Global 

PERSPECTIVE: Clinical and public health perspectives 

BACKGROUND:

The 2020 rapid diagnostics guidelines (WHO consolidated guidelines on tuberculosis. Module 3: diagnosis – rapid diagnostics for tuberculosis detection) include 
recommendations on the use of Xpert MTB/RIF on sputum (including induced and spontaneously expectorated sputum), nasopharyngeal aspirate (NPA), gastric aspirate and 
stool specimens as well as the use of Xpert Ultra on sputum and NPA, for the diagnosis of pulmonary TB (PTB) and rifampicin (RIF) resistance in children (aged below 15 years). 
Xpert Ultra has been developed as a next-generation assay to overcome limitations in sensitivity for TB diagnosis when compared to sputum smear microscopy. This PICO 
question addresses the current gaps in recommendations covering the use of the Xpert Ultra assay in two paediatric specimens, namely gastric aspirate and stool, for which 
insufficient data were available at the time of the GDG meeting on molecular assays in December 2019. 

SUBGROUPS: Infants, children 1–2 years, 2–5 years (under 5 years), 5–9 years, children living with HIV, children with severe acute malnutrition, children with severe acute pneumonia. 

CONFLICT OF INTERESTS:
Shakil AHMED
Chishala CHABALA
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ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally, an estimated 1.19 million (range 1.05 -1.33 million) children (aged below 15 years) fell ill with TB in 2019, or about 12% of the global burden. 
Only 44% of these children were reported to national TB programmes. TB-related mortality in children below 15 years was estimated at 230,000 for 
2019 (1). Modelling has shown that 80% of TB-related deaths are among children aged under 5, and that 96% of children who die of TB, did not access 
treatment (2). However when children (aged below 15 years) are diagnosed with TB, the treatment success rate for children newly enrolled on treatment 
(on a six month regimen), reported by 123 countries (including 19 high TB burden countries) for the 2018 cohort was 85% (1).
Xpert MTB/RIF is a WHO-recommended rapid molecular diagnostic test that simultaneously detects TB and rifampicin resistance in people with signs 
and symptoms of TB, including in children. Xpert Ultra has been developed as a next-generation assay to overcome limitations in sensitivity for TB 
diagnosis when compared to sputum smear microscopy (3). 
A large case detection gap remains in children. National TB Programmes (NTPs) notified 522,000 children with TB in 2019, leaving a gap of almost 
680,000 children with TB (56%) who were not diagnosed and/or not reported. This case detection gap is largest in young children (65% in children 
under 5 years of age) (1). Reasons for this large gap include challenges with specimen collection and with bacteriological confirmation of TB in young 
children, due to the paucibacillary nature of TB disease in this age group and the lack of a highly sensitive point-of-care test. In addition, children usually 
access primary health care or child health services, where capacity to recognize presumptive TB and access to diagnostic services are limited (4).

Test accuracy
How accurate is the test?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very inaccurate
○ Inaccurate
  Accurate
○ Very accurate
○ Varies
○ Don’t know

The sensitivity of Xpert Ultra to detect pulmonary TB using a gastric aspirate specimen is: 64% (95% CI: 48 to 77%) while the specificity is: 95% (95% CI: 
84 to 99%). 
The sensitivity of Xpert Ultra to detect pulmonary TB using a stool specimen is: 53% (95% CI: 0.35 to 0.70%) while the specificity is: 98% (95% CI: 
93 to 99%).

It was noted that the test was accurate for 
specificity, but less accurate for sensitivity 
when using either type of specimen. 
The GDG discussed that all TB tests, 
including the microbiological reference 
standard (usually culture or Xpert Ultra 
on respiratory samples) have sub-optimal 
sensitivity in children, as a result of the 
nature of TB disease in this age group. 
The GDG noted that a positive test 
accurately determines a case of TB but a 
negative test does not exclude TB. 
The GDG reviewed the accuracy of Ultra 
in specimens currently recommended: 
sputum sensitivity 73%, specificity 97%, 
NPA sensitivity 46%, specificity 98%, as a 
comparison.
No study evaluating the diagnostic 
accuracy for Xpert Ultra for the detection 
of rifampicin resistance in children was 
identified. Conclusions related to the 
use of Xpert Ultra for the diagnosis of 
rifampicin resistance were based on data 
in adults, evaluated for the WHO 2020 
rapid diagnostic guidelines. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
  Moderate
○ Large
○ Varies
○ Don’t know

The desirable effects are true positive and true negative tests and overall the eventual desirable effects relate to improved TB case detection in 
children unable to produce a sputum specimen spontaneously. Detection of rifampicin resistance is an additional desirable effect of the test allowing 
differentiation of treatment regimens and the appropriate treatment of TB (although data on detection of rifampicin resistance were not available in this 
study). Previous recommendations on the use of Xpert Ultra in other specimens (i.e. sputum and nasopharyngeal aspirate) to detect rifampicin resistance 
in children were based on adult data.

Gastric aspirate:

Outcome Study design Test accuracy 
CoE

Effect per 1000 
patients/year for 

pre-test probability 
of 1%

Effect per 1000 
patients/year for 

pre-test probability 
of 10%

Effect per 1000 
patients/year for 

pre-test probability 
of 20%

Importance

True positives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEa

6 (5 to 8) 64 (48 to 77) 128 (96 to 154)

False negatives 4 (2 to 5) 36 (23 to 52) 72 (46 to 104)

True negatives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEb,c

941 (832 to 980) 855 (756 to 891) 760 (672 to 792)

False positives 49 (10 to 158) 45 (9 to 144) 40 (8 to 128)

The 95% CI around true positives and false negatives may lead to different decisions depending on which confidence limits are assumed. We 
downgraded one level for imprecision. 
For individual studies, specificity estimates ranged from 76% (Parigi 2021) to 100%. The reason for the low specificity in the Parigi study is not clear. We 
downgraded one level for inconsistency.
The 95% CI around true negatives and false positives are unlikely to lead to different decisions depending on which confidence limits are assumed. As 
we have already downgraded for inconsistency, we did not downgrade further for imprecision.

The GDG agreed that the desirable 
effects of the test in both specimens are 
moderate, but large for the detection 
of rifampicin resistance, because of the 
large impact on the choice of effective 
treatment. 
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Stool:

Outcome Study design Test accuracy 
CoE

Effect per 1000 
patients/year for 

pre-test probability 
of 1%

Effect per 1000 
patients/year for 

pre-test probability 
of 10%

Effect per 1000 
patients/year for 

pre-test probability 
of 20%

Importance

True positives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEa

5 (3 to 7) 53 (35 to 70) 106 (70 to 140)

False negatives 5 (3 to 7) 47 (30 to 65) 94 (60 to 130)

True negatives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEb

970 (921 to 980) 882 (837 to 891) 784 (744 to 792)

False positives 20 (10 to 69) 18 (9 to 63) 16 (8 to 56)

The 95% CI around true positives and false negatives may lead to different decisions depending on which confidence limits are assumed. We 
downgraded one level for imprecision. 
For individual studies, specificity estimates ranged from 89% (Kabir 2020) to 100%. The low specificity in the Kabir 2020 is unexplained and it was the 
largest study included in the meta-analysis. For most studies, specificity was ≥ 95%. We downgraded one level for inconsistency.
Children with severe acute malnutrition (SAM): four studies (with 259 participants, of whom 9 had TB) were identified in children with severe 
malnutrition using Xpert Ultra on gastric aspirates and three studies (428 participants, 19 with TB) using Ultra on stool specimens. Children living with 
HIV infection: four studies (99 participants, 8 with tuberculosis) were identified in children living with HIV using Xpert Ultra on gastric aspirates and 
two studies (100 participants, 3 with tuberculosis) using Ultra on stool specimens. Due to the paucity of data only a meta-analysis on stool specimens 
in children with severe acute malnutrition could be performed, but not on gastric aspirate in children with severe malnutrition nor on either specimen 
in children living with HIV. The meta-analysis on stool samples in children with SAM showed similar accuracy as in the overall analysis (sensitivity 63.2%, 
specificity 98.5%). 
Age sub-group analyses: subgroup analyses on age groups were conducted by the systematic reviewers. For gastric aspirate samples used in 
children aged below one year, Xpert Ultra pooled sensitivity and specificity (95% CI) were 67.3% (43.5 to 84.6) and 94.0% (84.7 to 97.8), (5 studies, 182 
participants; low (sensitivity) moderate (specificity)-certainty evidence). In children aged 1 to 4 years, Xpert Ultra pooled sensitivity and specificity (95% 
CI) were 71.5% (40.0 to 90.4) and 94.0% (73.8 to 98.9), (4 studies, 327 participants; low-certainty evidence). For stool samples used in children aged 
below one year, Xpert Ultra pooled sensitivity and specificity (95% CI) were 65.2% (33.7 to 87.3) and 96.2% (88.9 to 98.7) (4 studies, 295 participants; 
very low-certainty (sensitivity) and moderate-certainty (specificity) evidence). In children aged 1 to 4 years, Xpert Ultra pooled sensitivity and specificity 
(95% CI) were 43.3% (27.1 to 61.2) and 97.1% (74.8 to 99.7), (3 studies, 331participants; very low (sensitivity) and low (specificity)-certainty evidence). 
The small number of children aged below one year and between 1 and 4 years for both samples limited the confidence in the precision of the estimates 
for these age groups. 
The systematic review did not identify studies that evaluated Xpert Ultra in gastric aspirate or stool in children with severe pneumonia. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
  Small
○ Trivial
○ Varies
○ Don’t know

The undesirable effects are false negative and false positive test results. 
False negative results may leave TB undiagnosed and therefore untreated, missed diagnoses of drug resistant TB, treatment of TB infection when the 
child may have TB disease and an increased risk of severe disease and mortality, especially in young children. 
False positive results may leave other diseases or conditions undiagnosed and untreated, potentially missing a serious alternative diagnosis (e.g. 
malignancies, chronic, atypical infections). They may also lead to over-diagnosis and over-treatment, with potential drug toxicities (although generally 
these are perceived as limited). 

Gastric aspirate:

Outcome Study design Test accuracy 
CoE

Effect per 1000 
patients/year for 

pre-test probability 
of 1%

Effect per 1000 
patients/year for 

pre-test probability 
of 10%

Effect per 1000 
patients/year for 

pre-test probability 
of 20%

Importance

True positives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEa

6 (5 to 8) 64 (48 to 77) 128 (96 to 154)

False negatives 4 (2 to 5) 36 (23 to 52) 72 (46 to 104)

True negatives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEb,c

941 (832 to 980) 855 (756 to 891) 760 (672 to 792)

False positives 49 (10 to 158) 45 (9 to 144) 40 (8 to 128)

The 95% CI around true positives and false negatives may lead to different decisions depending on which confidence limits are assumed. We 
downgraded one level for imprecision. 
For individual studies, specificity estimates ranged from 76% (Parigi 2021) to 100%. The reason for the low specificity in the Parigi study is not clear. We 
downgraded one level for inconsistency.
The 95% CI around true negatives and false positives are unlikely to lead to different decisions depending on which confidence limits are assumed. As 
we have already downgraded for inconsistency, we did not downgrade further for imprecision.

The GDG reflected on the consequences 
of false negative and false positive results 
and agreed that minimizing false negative 
results is the most critical issue, to prevent 
missing a TB diagnosis in a child with TB, 
given the large case detection gap and 
the consequences of a missed diagnosis 
of TB. 
The GDG noted that the rate of false 
negative test results increases with 
increasing prevalence, and that this 
will have implications in settings with 
unknown prevalence or a higher burden 
of childhood TB. The panel further noted 
that false negative results should be 
interpreted along with other available 
clinical information, and clinicians should 
not use a negative test to rule out disease. 
The panel concluded that the undesirable 
anticipated effects were small, especially if 
these would focus on false positive results. 
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Stool:

Outcome Study design Test accuracy 
CoE

Effect per 1000 
patients/year for 

pre-test probability 
of 1%

Effect per 1000 
patients/year for 

pre-test probability 
of 10%

Effect per 1000 
patients/year for 

pre-test probability 
of 20%

Importance

True positives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEa

5 (3 to 7) 53 (35 to 70) 106 (70 to 140)

False negatives 5 (3 to 7) 47 (30 to 65) 94 (60 to 130)

True negatives cross-sectional 
(cohort type 
accuracy study)

 
MODERATEb

970 (921 to 980) 882 (837 to 891) 784 (744 to 792)

False positives 20 (10 to 69) 18 (9 to 63) 16 (8 to 56)

The 95% CI around true positives and false negatives may lead to different decisions depending on which confidence limits are assumed. We 
downgraded one level for imprecision. 
For individual studies, specificity estimates ranged from 89% (Kabir 2020) to 100%. The low specificity in the Kabir 2020 is unexplained and it was the 
largest study included in the meta-analysis. For most studies, specificity was ≥ 95%. We downgraded one level for inconsistency.
Children with severe acute malnutrition (SAM): four studies (with 259 participants, of whom 9 had TB) were identified in children with severe 
malnutrition using Xpert Ultra on gastric aspirates and three studies (428 participants, 19 with TB) using Ultra on stool specimens. Children living with 
HIV infection: four studies (99 participants, 8 with tuberculosis) were identified in children living with HIV using Xpert Ultra on gastric aspirates and 
two studies (100 participants, 3 with tuberculosis) using Ultra on stool specimens. Due to the paucity of data only a meta-analysis on stool specimens 
in children with severe acute malnutrition could be performed, but not on gastric aspirate in children with severe malnutrition nor on either specimen 
in children living with HIV. The meta-analysis on stool samples in children with SAM showed similar accuracy as in the overall analysis (sensitivity 63.2%, 
specificity 98.5%). 
Age sub-group analyses: subgroup analyses on age groups were conducted by the systematic reviewers. For gastric aspirate samples used in 
children aged below one year, Xpert Ultra pooled sensitivity and specificity (95% CI) were 67.3% (43.5 to 84.6) and 94.0% (84.7 to 97.8), (5 studies, 182 
participants; low (sensitivity) moderate (specificity)-certainty evidence). In children aged 1 to 4 years, Xpert Ultra pooled sensitivity and specificity (95% 
CI) were 71.5% (40.0 to 90.4) and 94.0% (73.8 to 98.9), (4 studies, 327 participants; low-certainty evidence). For stool samples used in children aged 
below one year, Xpert Ultra pooled sensitivity and specificity (95% CI) were 65.2% (33.7 to 87.3) and 96.2% (88.9 to 98.7) (4 studies, 295 participants; 
very low-certainty (sensitivity) and moderate-certainty (specificity) evidence). In children aged 1 to 4 years, Xpert Ultra pooled sensitivity and specificity 
(95% CI) were 43.3% (27.1 to 61.2) and 97.1% (74.8 to 99.7), (3 studies, 331participants; very low (sensitivity) and low (specificity)-certainty evidence). 
The small number of children aged below one year and between 1 and 4 years for both samples limited the confidence in the precision of the estimates 
for these age groups.
The systematic review did not identify studies that evaluated Xpert Ultra in gastric aspirate or stool in children with severe pneumonia.

Certainty of the evidence of test accuracy
What is the overall certainty of the evidence of test accuracy?  

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
  Moderate
○ High
○ No included 

studies

The certainty of the evidence of test accuracy for both gastric aspirate and stool samples is moderate. 
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Certainty of the evidence of test’s effects
What is the overall certainty of the evidence for any critical or important direct benefits, adverse effects or burden of the test?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
  No included 

studies

There were no included studies on the certainty of the evidence of the tests effects. Some adverse effects of gastric aspirate are noted under 
acceptability. 

Certainty of the evidence of management’s effects
What is the overall certainty of the evidence of effects of the management that is guided by the test results?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
  High
○ No included 

studies

Treatment of drug-susceptible TB is highly effective in children, once started after being diagnosed with TB. The average treatment success rate reported 
by 123 countries (including 19 high TB burden countries) in the Global TB Report 2020 (1) was 85% for the 2018 cohort, ranging in the high TB burden 
countries from 73% in Papua New Guinea to 97% in Bangladesh. Treatment of MDR-TB has also been reported as effective, with overall 78% successful 
treatment in a systematic review conducted in 2016 (5). 

The GDG judged the certainty about 
the effect of TB treatment on improving 
outcomes to be high, based on general 
available data from global and regional 
reports. 



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 8

Certainty of the evidence of test result/management
How certain is the link between test results and management decisions?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
  No included 

studies

There were no included studies on the certainty of the link between test results and management decisions. However molecular diagnostic tests 
such as Xpert have been recommended by WHO since December 2010 and are currently recommended to diagnose pulmonary TB, some forms of 
extrapulmonary TB and also to detect rifampicin resistance rather than smear microscopy/culture and phenotypic drug susceptibility testing. Children 
with a positive Xpert Ultra result would generally be initiated on anti-TB treatment. Therefore a positive test result generally allows a decision about 
patient management to be made.
While clinicians’ confidence in Xpert results is thought to be high, trace results often present a challenge for clinicians who are not sure of the 
interpretation of this result. For PLHIV and children who are being evaluated for pulmonary TB, for individuals being evaluated for extrapulmonary TB 
using CSF, lymph nodes and tissue specimens, an MTB detected trace result obtained with the first specimen should be considered as bacteriological 
confirmation of TB (i.e. a true positive result) and use for clinical decision making (6). Then, the patient should be initiated on an appropriate 
regimen using first-line TB drugs in accordance with national guidelines, unless the patient is at very high risk of having MDR-TB. Such patients should be 
initiated on an MDR-TB regimen. When feasible or required, clinicians can request additional investigations (e.g. culture and phenotypic DST) to confirm 
or exclude resistance to rifampicin.

Data on trace results in the systematic 
review were examined by the GDG: 
Gastric aspirate specimens: 8 of 9 studies 
reported trace results, with the proportion 
ranging from 0% to 66% (median 52%). 
Stool specimens: all 6 studies reported 
trace results, ranging from 0 to 84%. 
Stool specimens: non-determinate results 
(including invalid, error or no results) were 
reported by the studies included in the 
systematic review and ranged from less 
than 1% to 10%. 
Excluding trace results from the 
analysis led to a drop in sensitivity 
(from 63.6 to 59,4% in gastric aspirate 
specimens and from 52.8% to 38.1% 
in stool specimens) and an increase in 
specificity (from 94.9% to 97.6% in gastric 
aspirate specimens and from 98.0% to 
99.7% in stool specimens).
There were no included studies on the 
link between Xpert Ultra results and the 
related management decisions. 

Certainty of effects
What is the overall certainty of the evidence of effects of the test?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
  Moderate
○ High
○ No included 

studies
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on how much patients value the outcomes.
In the evidence to decision tables from the 2020 Rapid Diagnostics Guidelines (3) it was stated that participants assign great value to the ability of Xpert 
to improve the diagnosis of drug resistant TB, with an impact on patients if they cannot access testing for drug resistance using Xpert. The impact on 
case notification and the value of Xpert for finding more TB is less clear owing to widespread clinical treatment, prolonged turn-around times and the 
challenges with feasibility and utilization of Xpert. While Xpert has eased laboratory work through convenience and automation, this preference for 
Xpert in the laboratory can have undesired consequences for monitoring through microscopy or for reverting back to microscopy when Xpert machines 
are down. While clinicians’ confidence in Xpert results is rather high, the challenges with feasibility and utilization mean clinicians are at times deterred 
from ordering Xpert.

The judgement of the GDG was consistent 
with that of the GDG on molecular assays 
(in 2019), that there was probably no 
important uncertainty of variability in how 
much people value the outcomes. 

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

○ Probably favors 
the intervention

  Favors the 
intervention

○ Varies
○ Don’t know

The GDG considered the evidence regarding the benefits versus the harms of using Xpert Ultra in these specimens. The GDG judged that the balance 
of effects favours the intervention, 
considering moderate desirable effects, 
small undesirable effects, based on 
moderate certainty evidence for both 
gastric aspirate and stool samples.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs 

and savings
○ Moderate 

savings
○ Large savings
  Varies
○ Don’t know

Budgeting tools have been developed by a task force as part of the Child and Adolescent TB Working Group core team (i.e. the POSEE group (Paediatric 
Operational Sustainability Expertise Exchange). These tools are for national TB programmes to use for strategic planning and funding applications. They 
provide a comparison of costs for sample collection (induced sputum, nasopharyngeal aspiration, gastric aspiration, lymph node fine needle aspiration 
and stool sample collection). This excludes laboratory processing costs. Source: http://stoptb.org/wg/dots_expansion/childhoodtb/posee.asp 
The comparative cost are as follows (for children aged 0–14 years):
Induced sputum 23.16 USD 
Nasopharyngeal aspiration 3.23 USD 
Gastric aspiration 4.38 USD
Lymph node fine needle aspiration 6.92 USD
Stool sample collection 1.67 USD
A separate cost-effectiveness analysis was conducted to compare three different stool processing methods. Part of the data used for this analysis were 
included in the systematic review. This analysis included a micro-costing study, providing the average cost for each stool processing method and the 
Xpert Ultra test performed in a referral hospital. 
The total cost for the methods (taking into account cost of staff time, consumables, Xpert Ultra cartridge and the cost of repeat testing in case of an 
invalid result) ranged from 14.04 USD for the Simple One Step (SOS) processing method to 20.12 and 20.19 USD for the Stool Processing Kit (SPK) 
and Optimized Sucrose Flotation (OSF), respectively. One of the main drivers of the difference in cost per method was the procedure time. The OSF 
processing takes on average 20 minutes longer than the other methods, including the time to prepare the sucrose solution. Another main difference was 
the rate of invalid Ultra results for each method. SOS/Ultra had the lowest invalid rate (9.8%), and SPK/Ultra and OSF/Ultra were higher at 11.7% each. 
Higher invalid rates resulted in the need for more repeat testing, and proportionately higher costs. The cost of consumables was the lowest for SOS/
Ultra, as very few additional materials are required besides those provided with the Ultra cartridge. The consumable cost was the highest for SPK/Ultra, 
as this required a pre-assembled kit of materials and buffer. 
The current cost of the Xpert MTB/RIF Ultra kit of 50 tests is 499 USD from the Stop TB Partnership’s Global Drug Facility (the same cost as Xpert MTB/
RIF; the cost as per May 2021, source: http://stoptb.org/gdf/drugsupply/product_catalog.asp). 

The GDG considered the total cost to 
include personnel costs as well as the 
cost of processing the specimen in the 
laboratory (including staff time and the 
cost of the Ultra cartridge). The transport 
and laboratory costs may be similar 
irrespective of the sample type. 
Gastric aspirate would require more 
time and training-related resources to 
collect the specimen and would often 
also require hospital admission. Stool 
processing may result in some additional 
time requirements to prepare the sample, 
depending on the processing method. 
The panel discussed whether the cost 
should be compared to other specimen 
types or to not doing the test and 
ultimately they decided to compare the 
cost of doing the tests on the sample 
types versus not doing the test. The panel 
then concluded that the costs for both 
specimen types vary. 
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

Gastric aspirate:
○ Favors the 

comparison
○ Probably favors 

the comparison
○ Does not favor 

either the 
intervention or 
the comparison

○ Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
  No included 

studies

Stool: 
○ Favors the 

comparison
○ Probably favors 

the comparison
○ Does not favor 

either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ No included 

studies

A separate study on the cost-effectiveness of three stool processing methods (SPM) was undertaken. The cost-effectiveness study on these three stool 
processing methods (SPM) estimated the incremental cost per additional TB case detected, compared to the status quo of clinical diagnosis only, at 
$585 (SOS/Ultra), $806 (SPK/Ultra), and $935 (OSF/Ultra). The incremental cost per life year saved compared to status quo diagnosis was calculated for 
each SPM/Ultra, and included the costs of TB treatment along the clinical pathway on the outcomes of survival or death. The ICER (Incremental Cost-
effectiveness Ratio) per LYS (life year saved) compared to clinical diagnosis was estimated to be $67 for SOS/Ultra, $84 for SPK/Ultra, and $96 for OSF/
Ultra. Of the three SPMs, the SOS/Ultra method had the lowest cost and an effectiveness between the other two. SPK/Ultra had a higher cost but also 
higher effectiveness. OSF/Ultra had the highest cost, but lowest effectiveness. This means that OSF/Ultra was both more expensive and less effective 
than SPK/Ultra and SOS/Ultra, and thus dominated by both methods in the model.
Several sensitivity analyses were conducted to evaluate the range of uncertainty in many model parameters. The discount rate had the greatest impact 
for all the methods, with a low discount rate (0%) lowering the ICER to $20–30 and a higher discount rate (5%) increasing the ICER to over $100 per LYS. 
The sensitivity of clinical diagnosis also had a large impact for all methods, with a higher sensitivity of clinical diagnosis (77%) increasing the ICER to over 
$100. A higher prevalence of TB disease in the population (17%), higher specificity of SPM/Ultra (99%), and higher sensitivity for each method lowered 
the ICER, making the stool processing methods more cost-effective.
A scenario was constructed where the stool testing was used at level 1 facilities when children present with presumed TB based on criteria in the 
Ugandan Guidelines. In this setting, a much lower TB prevalence was assumed than in a referral hospital. Higher ICERs of $622 and $1301 per LYS were 
found, compared to the status quo for SOS/Ultra and SPK/Ultra, respectively. Based on sensitivity analyses, the main driver of cost-effectiveness seemed 
to be the prevalence of TB in the population being tested. The SPM/Ultra become cost-effective at higher prevalence levels using the cost-effectiveness 
threshold. The findings show that the diagnostic solutions will be cost-effective in settings with higher prevalence among children presenting for TB 
evaluation. Furthermore, the authors concluded that the benefit of non-invasive testing is important and further supports the use of the diagnostic 
approaches. 
For the 2020 Rapid Diagnostics guidelines, fifteen studies assessing cost-effectiveness of Xpert among persons presenting to primary health care facilities 
across Sub-Saharan Africa and Brazil were reviewed. While early studies found Xpert would likely be cost-effective (albeit using a range of willingness to 
pay thresholds across different countries), several concerns around cost-effectiveness have been raised by subsequent analyses. Inclusion of downstream 
costs associated with MDR-TB and HIV treatment and care has been shown to lead to increased ICERs and increased total expenditures. Costs 
associated with scale-up of Xpert have been estimated to result in an important increase relative to existing TB and HIV programme budgets and in 
many countries may not be deemed affordable despite ICERs for Xpert approaches being under willingness to pay thresholds. Studies have highlighted 
the importance of implementation conditions, including existing standard of care, levels of empirical treatment, TB prevalence among presumptive 
patients being tested, and test volume as highly influential variables on cost-effectiveness results. While some studies employed a population-based 
approach no studies specifically addressed children.

There were no included studies on cost 
effectiveness for gastric aspirate.
The cost-effectiveness study compared 
stool testing against clinical diagnosis at 
primary health care facilities in Uganda, 
assuming no respiratory samples would 
be collected without referral to the 
hospital or without invasive sampling. 
Compared to that standard of care, 
stool testing was more effective, but also 
more costly. For Ultra on stool samples 
the ICER (Incremental Cost-effectiveness 
Ratio) becomes favourable above a TB 
prevalence level of 7% (meaning it is more 
cost-effective). The GDG discussed that 
the test on stool samples becomes cost-
effective even at a prevalence level of 
3% at a zero discount rate (the practice 
of discounting future health effects). 
Implementation aspects such as the 
importance of obtaining microbiological 
confirmation and the detection of 
rifampicin resistance would further favour 
cost-effectiveness of stool testing. The 
conclusion of the panel was that the 
evidence probably favours Xpert Ultra 
testing on stool samples.
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

Gastric aspirate: There were no included studies on equity. However, while the use of molecular WHO recommended diagnostic tests has expanded 
in recent years, access to diagnostic tests such as Xpert Ultra is usually limited at lower levels of the health system. Similarly, gastric aspirate can often 
not be performed at lower levels of the health system, as specific skills and equipment are required. Generally, availability of TB diagnostic services at all 
levels of the health system or functional transportation systems will likely increase equity. 
Stool: There is the potential to implement stool testing at lower levels of the health system, considering its non-invasiveness, provided access to Xpert 
Ultra testing is available or transport systems are in place for specimen transport. This would have the effect of increasing equity.

The GDG judged the use of gastric 
aspirate to probably increase health equity.
For stool testing the GDG agreed 
that equity was probably increased 
or increased and ultimately voted for 
probably increased. 

Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

Gastric aspirate
○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

Stool:
○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Gastric aspirate
Tolerability: Gastric aspirate is an invasive procedure, which requires overnight or 4–8 hours fasting, it is uncomfortable for children to undergo. In 
a study evaluating the feasibility, safety and tolerability of alternative specimen collection methods (nasopharyngeal aspirate, string tests and stool 
samples) for the diagnosis of TB with Xpert MTB/RIF in HIV infected children, compared to gastric aspirate, adverse effects and discomfort/distress/
pain were evaluated for each of the methods. 98.8% of children in the study had a gastric aspirate successfully collected. 84 (24.4%) of 345 children who 
underwent a gastric aspirate had at least one adverse event, of which 6 (1.7%) had dyspnoea or low oxygen saturation, 53 (15.4%) local trauma or nose 
bleeding and 37 (10.7%) vomiting. Tolerability was similar to that of nasopharyngeal aspirate but lower than for the string test – children scored it at 4 
(3–5) out of 10 on the Wong-Baker faces pain rating scale (7). 

Stool
A subset of the data included in the systematic review was used for a head to head comparison (H2H) between three different stool processing 
methods. In the H2H comparison, a questionnaire on acceptability was implemented among laboratory technicians (N=17). All laboratory technicians 
felt comfortable handling stool samples and considered the use of stool as a routine specimen for diagnosing TB in children as a good alternative to 
sputum. Over 80% of them considered it could improve childhood TB diagnosis. Over 75% of respondents also indicated that they did not find any 
additional risk in handling stool samples compared to sputum and that they were comfortable because of the access to PPE and a biosafety cabinet. 
94% partially or totally agreed that stool testing for TB detection should be implemented for all children. 
The TB Speed pneumonia study, a cluster-randomized trial with a stepped wedge design, evaluating diagnostic approaches including Xpert Ultra upon 
admission, on one nasopharyngeal (NPA) and one stool specimen in children aged 2 to 59 months with WHO-defined severe pneumonia, included 
a qualitative component. This component assessed the experience and perceptions of study nurses and parents about the childhood TB diagnosis 
package (NPA and stool sample collection, Xpert Ultra testing) at the tertiary level of care. The methods included individual interviews with selected 
parents/guardians and the study nurses, followed by a thematic analysis. Nurses felt that stool collection was an easy procedure, which can be collected/
performed from any child (irrespective of whether they are very sick, having difficulty in breathing or are on oxygen) as long as they can produce stool. 
Nurses also appreciated the fact that no pain is caused to babies during stool collection. Challenges were reported with delays in obtaining the samples 
(sometimes parents forgot to provide stool to nurses if the child passed stool at night), or in tracking parents to bring back the stool container later for 
sample collection (if the child was unable to produce stool during hospitalization). Nurses also mentioned the risk of stool getting contaminated (e.g. 
with soil or mud) when it was collected by parents if it was not collected appropriately. 
Collecting stool from their child was experienced by parents as easy, straightforward and normal and parents appreciated the seamless/passive aspect of 
this method for children. Stool sample collection was not always rapid and easy, as sometimes children cannot pass stool immediately. Parents reported 
lacking information and did not always clearly understand the role of stool sample collection for TB diagnosis.

Gastric aspirate:
Even though the GDG found that the 
research evidence provided was a 
good reflection of the experience of 
clinicians working in the field, and gastric 
aspirate sample collection is an invasive 
procedure that may be uncomfortable to 
children, the panel felt that the procedure 
is probably acceptable to children, 
caregivers and health care workers. 

Stool: 
The GDG noted the importance of the 
non-invasiveness of the use of stool 
samples for bacteriological testing for the 
diagnosis of TB in children and agreed 
that the sample type was acceptable to 
all relevant stakeholders, including health 
care workers, laboratory technicians, 
parents and children. 
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

Gastric aspirate
○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

Stool:
○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Gastric aspirate: 
Collection of gastric aspirate specimens requires some training, and is conducted by skilled healthcare workers. Physicians and nurses are the main 
cadres of health care workers who would collect a gastric aspirate specimen. This requires a procedure at a health care facility, rather than bringing in a 
sample to a health care facility or laboratory for processing. The procedure itself is feasible in terms of successfully collecting a specimen: in the study by 
Dim et al (part of ANRS 12229 PAANTHER 01) (7), 98.8% of 329 specimens were successfully collected. 

Stool:
A subset of the data included in the systematic review was used for a head to head comparison (H2H) between three different stool processing methods. 
In the H2H comparison, a questionnaire on acceptability was implemented among laboratory technicians (N=17). With regards to feasibility, 24% felt 
that implementation of stool for TB diagnosis in children was not realistic in their laboratory. The three stool processing methods were reported as not 
difficult to perform and most participants found the instructions provided clear for all methods. Overall, there was no major biosafety risk identified 
for any of the three methods compared to Xpert sputum processing. Most participants felt that the risk of sample-to-sample contamination and 
environmental contamination when performing more than one test at the time would be low. 
Also based on the results from the H2H comparison, in terms of infrastructure, most laboratory technicians found that all methods could be 
implemented in a primary health care (PHC) setting equipped with a microscopy laboratory although 22% considered that the SOS method could not 
be implemented in a PHC setting without a laboratory (even if a GeneXpert machine was available), 41% thought that for SPK and 65% for OSF.
Data on the uptake of stool sample testing was available from the TB Speed decentralization study. This was an operational research study in children 
with presumptive TB, evaluating an innovative childhood TB diagnosis package (including systematic screening, clinical evaluation, Xpert Ultra on stool 
and nasopharyngeal aspirate [NPA] and optimized chest X-ray) at district hospital and primary health care levels. A sub-analysis was conducted for 
1746 children enrolled in the study, to assess feasibility of collecting stool samples for Ultra testing and the detection yield of Ultra testing on stools (and 
compared to NPA). 
Of the 1746 children included in the study, 356 did not have a stool sample collected (20%). A total of 1333 children (96% of those with stool collected) 
had Xpert Ultra testing done, of whom 1228 (70% of the 1746 included children) had a valid result. Of the 1333 children with an Ultra test done, 16 
(1.2%) had Mycobacterium tuberculosis (MTB) detected. In the study, a total of 269 children were diagnosed with TB, of whom 230 (86%) had a clinical 
diagnosis. The yield of Ultra testing was 5.9% on stool samples, compared to 11.2% on NPA (and 14.5% on both sample collection methods). 
Data on the uptake of stool sample testing was also available from the TB Speed pneumonia study. 1171 children were included in the intervention arm, 
of whom 227 did not have a stool sample collected (19%). A total of 921 children (79% of those with stool collected) had Xpert Ultra testing done, of 
whom 905 (77% of the 1171 included children) had a valid result. 
In the TB Speed pneumonia study, the turn-around time for Ultra testing was 4.5 hours. The positivity rate for MTB detection was 1.7% (after retesting 
children with invalid or error results). 

Gastric aspirate: The panel agreed that, 
despite documented requirements of 
training and skills, using Ultra on gastric 
aspirate is probably feasible to implement, 
especially at higher levels of the health 
care system. 

Stool: The majority of the panel felt that 
Xpert Ultra on stool samples is feasible to 
implement. 
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SUMMARY OF JUDGEMENTS

JUDGEMENT

PROBLEM No Probably no Probably yes Yes Varies Don’t know

TEST ACCURACY Very inaccurate Inaccurate Accurate Very accurate Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF THE EVIDENCE 
OF TEST ACCURACY Very low Low Moderate High No included studies

CERTAINTY OF THE EVIDENCE 
OF TEST'S EFFECTS Very low Low Moderate High No included studies

CERTAINTY OF THE EVIDENCE 
OF MANAGEMENT'S EFFECTS Very low Low Moderate High No included studies

CERTAINTY OF THE EVIDENCE OF 
TEST RESULT/MANAGEMENT Very low Low Moderate High No included studies

CERTAINTY OF EFFECTS Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

CERTAINTY OF EVIDENCE OF 
REQUIRED RESOURCES Very low Low Moderate High No included studies

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Stool: 
Probably favors the 

intervention

Favors the 
intervention Varies

Gastric aspirate:
No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no
Gastric aspirate:

Probably yes
Stool:

Yes
Varies Don’t know

FEASIBILITY No Probably no
Gastric aspirate:

Probably yes
Stool:

Yes
Varies Don’t know
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TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○ ○  

CONCLUSIONS

Recommendation
In children aged below 10 years with signs and symptoms of pulmonary TB, Xpert Ultra in gastric aspirate or stool samples should be used to diagnose pulmonary TB and detect rifampicin resistance (strong 
recommendation, moderate certainty evidence). 
This recommendation is being integrated into the existing recommendation on the use of Xpert Ultra in sputum and nasopharyngeal aspirate (WHO consolidated guidelines on tuberculosis. Module 3: diagnosis – rapid 
diagnostics for tuberculosis detection, 2020 and 2021 update) as follows:
In children with signs and symptoms of pulmonary TB, Xpert Ultra should be used as the initial diagnostic test for TB and detection of rifampicin resistance in sputum, nasopharyngeal aspirate, gastric aspirate or 
stool, rather than smear microscopy/culture and phenotypic DST (Strong recommendation, moderate certainty of evidence for test accuracy in stool and gastric aspirate; low certainty of evidence for test 
accuracy in sputum; very low certainty of evidence for test accuracy in nasopharyngeal aspirate) 

Remarks:
The recommendation strength is aligned with the previous recommendation on the use of Ultra in sputum samples and nasopharyngeal aspirate in the 2020 rapid diagnostics guidelines.
Although no evidence was available on the accuracy of the detection of rifampicin resistance in both specimen types, the interpretation of the results does not change with different sample types and therefore the 
recommendation covers both the detection of mycobacterium tuberculosis and the detection of rifampicin resistance.
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Justification
Nine studies that evaluated the diagnostic accuracy of Xpert Ultra in gastric aspirate and/or stool specimens in children were identified. For the meta-analysis, six studies (653 participants) provided data for gastric 
specimens and six studies (1278 participants) for stool specimens. The review found that for gastric aspirate, Xpert Ultra sensitivity was 64% in children 0 to 9 years, against microbiological reference standard (MRS). 
Specificity was 94% to 95% in these analyses. For stool, Xpert Ultra sensitivity was 53% in children 0 to 9 years, against MRS. Specificity was 96% to 98% in these analyses. Sensitivity estimates against a CRS were lower 
for both specimen types. There were no studies identified that evaluated the diagnostic accuracy of Xpert Ultra for detection of rifampicin resistance using gastric aspirate or stool specimens. Of the nine studies, eight 
(89%) reported the number of Xpert Ultra positive results that were trace results. In these eight studies, of the total Xpert Ultra positive results, the proportion (expressed as a percentage) of Ultra trace results ranged 
from 0% to 66% (median 52%) in studies evaluating gastric specimens and from 0% to 84% (median 52%) in studies evaluating stool specimens. 
The GDG discussed that all TB tests, including the microbiological reference standard (usually culture or Xpert Ultra on respiratory samples) have sub-optimal sensitivity in children, as a result of the nature of TB disease 
in this age group. Therefore the panel highlighted that a positive test accurately determines a case of TB but a negative test does not exclude TB. No studies were identified that evaluated the diagnostic accuracy 
for Xpert Ultra for the detection of rifampicin resistance in children. Conclusions related to the use of Xpert Ultra for the diagnosis of rifampicin resistance were based on data in adults, evaluated for the 2020 rapid 
diagnostic guidelines. The GDG agreed that the desirable effects from the test in both specimens are moderate, but large for the detection of rifampicin resistance, because of the large impact on the choice of effective 
treatment. The panel noted that false negative results should be interpreted within the context of the clinical picture, and clinicians should not always use a negative test to definitively rule out disease. The GDG judged 
that the balance of effects favours the intervention, considering moderate desirable effects, small undesirable effects, based on moderate certainty evidence for both gastric aspirate and stool samples.
In terms of cost, the GDG judged that gastric aspirate would require more time and training-related resources to collect the specimen, and would also often require hospital admission. Stool processing may result 
in some additional time requirement to prepare the sample, depending on the processing method. The panel discussed whether the cost should be compared to other specimen types or to not doing the test and 
ultimately decided to compare the cost of doing the tests on the sample types versus not doing the test. The panel then concluded that the costs for both specimen types vary.
While there were no included studies for gastric aspirate, a cost-effectiveness study compared stool testing against clinical diagnosis at primary health care facilities in Uganda, assuming no respiratory samples would be 
collected without referral to the hospital or without invasive sampling. Compared to that standard of care, stool testing was more effective, but also more costly. The GDG discussed that the test on stool samples becomes 
cost-effective even at a prevalence level of 3% at a zero discount rate (the practice of discounting future health effects). Implementation aspects such as the importance of obtaining microbiological confirmation and the 
detection of rifampicin resistance would further favour cost-effectiveness of stool testing. The conclusion of the panel was therefore that the evidence probably favours Xpert Ultra testing on stool samples.
In terms of acceptability, although the gastric aspirate sample collection was found to be an invasive procedure that may be uncomfortable to children, the panel felt that the procedure is probably acceptable to 
children, caregivers and health care workers. The GDG noted the importance of the non-invasive nature of the use of stool samples for bacteriological testing for the diagnosis of TB in children and agreed that the 
sample type was acceptable to all relevant stakeholders, including health care workers, laboratory technicians, parents and children.
The panel agreed that, despite the requirements of training and skills, using Ultra on gastric aspirate is probably feasible to implement, especially at higher levels of the health care system. The majority of the panel felt 
that Xpert Ultra on stool samples is feasible to implement.

Subgroup considerations
This recommendation applies to all children with signs and symptoms of pulmonary TB. 

Implementation considerations
Specimen collection and the quality thereof needs to be ensured in order to optimize an accurate diagnosis, for all specimen types. 
Gastric aspirate in children requires training of staff and access to supplies. It may as well as require hospitalization and may therefore not be feasible at lower levels of the health system. It is considered an invasive 
procedure, requires fasting and may be uncomfortable and less acceptable for children and caregivers or have adverse effects. Referral systems need to be functional to ensure that children who need to be tested using 
gastric samples reach the appropriate level of care. 
Stool sampling has the advantage of being non-invasive, and collection is generally perceived as easy and feasible by health care workers and caregivers, irrespective of the clinical condition of the child. As children may 
not be able to pass stools on command, there may be delays in collecting a sample. Enhancing awareness and sensitizing caregivers on stool as a suitable sample for TB testing is important, to enhance acceptability and 
implementation. Stool processing is also an acceptable procedure to laboratory technicians and regarded as a good alternative to sputum samples. Relatively high rates of non-determinate Xpert Ultra results (including 
error, invalid, or no results) were reported in the studies included in the systematic review. These rates varied from less than 1% to 10% and may depend on the stool processing method used. 
An analysis of preliminary results of a head-to-head comparison of three centrifuge-free stool processing methods combined with Ultra was conducted to inform implementation considerations on the use of Ultra in 
stool samples. The three processing methods were Optimized Sucrose Flotation (OSF), Simple One Step Stool (SOS) and Stool Processing Kit (SPK). Results to date show a similar performance of Ultra in combination 
with the three stool processing methods in terms of sensitivity and specificity. All methods were found to be easy to process by laboratory staff at reference level and had a high ease-of-use score. However, most users 
considered that these methods cannot be performed by non-laboratory personnel such as nurses or health care workers in primary-health care setting without access to a laboratory. Overall, the SOS appeared to be 
the preferred method as it does not require additional equipment and is comparable to Ultra sputum processing, although the SPK is still at prototype stage and the OSF is still under validation as well, and development 
into a kit format to simplify some of the steps is envisaged for the near future (REF final report and annex). Therefore, either of the three centrifuge-free stool processing methods may be used, depending on local 
preference and laboratory infrastructure.
Trace results are common with the use of Xpert Ultra in all specimen types. For people living with HIV (PLHIV) and children who are being evaluated for pulmonary TB, and for individuals being evaluated for 
extrapulmonary TB, the “MTBC detected trace” result is considered as bacteriological confirmation of TB (6).
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Monitoring and evaluation
Routine recording and reporting of child and adolescent notifications in 5-year age brackets (e.g. 0–4, 5–9, 10–14, 15–19 years)
Local monitoring of specimen collection by type, test, result and clinical diagnosis
Local monitoring of the number of children diagnosed at primary, secondary and tertiary levels of the health system

Research priorities
Adapted from 2021 rapid diagnostics guidelines (3) and 2018 research priorities for paediatric tuberculosis (8):
Evaluation of the benefit and incremental yield of combining multiple specimen types. Limited data were suggesting that the combination of non-invasive specimens performs comparably with traditional gastric 
specimens or induced sputum specimens.
Additional operational and qualitative research to determine the best approach to less invasive specimen collection in children, including implementation studies on a method of suction for nasopharyngeal aspiration 
that is appropriate for low-skill or low-resource environments, research on the use of stool as a diagnostic specimen as part of treatment decision algorithms, definition of laboratory protocols that successfully balance 
the ease of implementation and diagnostic performance, and the impact of stool testing on patient-important outcomes. 
Identify, evaluate and validate host and pathogen-associated biomarkers in paediatric populations as potential novel tests for TB infection, disease, risk of disease progression and response to treatment among children, 
ideally requiring non-invasive samples and for use at the point of care. 
Optimize the current microbiological reference standard by: improving and harmonizing specimen collection; supporting laboratory research to improve specimen processing to optimize diagnostic yield using current 
assays; and improving phenotypic and genotypic drug-susceptibility testing on paediatric clinical specimens.
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Table 2. Should integrated treatment decision algorithms vs. the standard of care 
be used to diagnose pulmonary tuberculosis in children aged below 10 years with 
presumptive pulmonary TB attending healthcare facilities?

POPULATION: Children aged below 10 years with presumptive pulmonary TB attending healthcare facilities

INTERVENTION: Integrated treatment decision algorithms

COMPARISON: The standard of care (approximated by the Union desk guide algorithm), using the 2015 updated consensus clinical case definitions for the classification of intrathoracic TB in 
children (Graham et al, 2015)

PURPOSE OF THE TEST: Diagnosis of pulmonary TB in children 

ROLE OF THE TEST: Assisting clinicians at various levels of the healthcare system to make an evidence-based decision on whether to start a child with presumptive pulmonary TB on anti-TB 
treatment

LINKED TREATMENTS: First-line anti-TB treatment

ANTICIPATED OUTCOMES:
Increased case notifications in children
Reduced TB-related mortality and morbidity in children

SETTING: Global 

PERSPECTIVE: Clinical and public health perspectives 

BACKGROUND:

Of the estimated 1.2 million children who developed TB annually, only 44% were notified to National TB Programmes in 2019 (1). This proportion is lowest (35%) in children aged 
below 5 years. The “missing” children are not diagnosed and/or not reported. TB-related mortality in children below 15 years was estimated at 230,000 for 2019. Modelling has 
shown that 80% of TB-related deaths are among children aged under 5, and that 96% of children who die of TB, did not access treatment (2). 
Reasons for the low case detection rate in (young) children include the fact that young children have paucibacillary TB and do not excrete enough bacilli to be detected by 
available bacteriological tests; the lack of a sensitive point of care diagnostic test; difficulties to collect suitable respiratory samples for bacteriological confirmation; the existence 
of many non-specific symptoms of TB which overlap with other common childhood diseases, then TB is often not considered as a diagnosis in children; accessing care at the 
primary healthcare level, where there may be little or no awareness and capacity to diagnose and manage children with TB (this includes capacity for sample collection, access 
to bacteriological tests and chest X-ray, as well as capacity and confidence in making a clinical diagnosis); and a propensity for paediatric TB services to be highly centralized at 
secondary or tertiary levels of the health system and managed in a vertical, non-integrated way. In addition, TB screening is often not systematically incorporated into clinical 
algorithms for child health (3). 
Various algorithms and scoring systems for the diagnosis of TB in children exist, but these have not been systematically evaluated. There is a need for evidence-based, practical 
treatment decision algorithm(s), ideally for different settings with varying access to diagnostic tests and chest radiography. 

SUBGROUPS: Infants; children <5 years; children with severe acute malnutrition, children with severe acute pneumonia, children living with HIV

CONFLICT OF INTERESTS: Farhana AMANULLAH
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ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally, an estimated 1.19 million (range 1.05 -1.33 million) children (aged below 15 years) fell ill with TB in 2019, or about 12% of the global burden. 
A large case detection gap remains in children. National TB Programmes (NTPs) notified 522,000 children with TB in 2019, leaving a gap of almost 
680,000 children with TB (56%) who were not diagnosed and/or not reported. This case detection gap is largest in young children (65% in children 
under 5 years of age). Reasons for this large gap include challenges with specimen collection and with bacteriological confirmation of TB in young 
children, due to the paucibacillary nature of TB disease in this age group and the lack of a highly sensitive point-of-care test. In addition, children usually 
access primary health care or child health services, where capacity to recognize presumptive TB and access to diagnostic services are limited (1). 
Modelling has shown that 80% of TB-related deaths are among children aged under 5, and that 96% of children who die of TB, did not access 
treatment (2). 
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Test accuracy
How accurate is the test?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very inaccurate
○ Inaccurate
○ Accurate
○ Very accurate
  Varies
○ Don’t know

The accuracy of the algorithms that were evaluated in the individual patient data analysis varied, in all populations:
For the overall population of children under the age of 10 years: 
Sensitivity ranged from 16% (Marais et al criteria) to 95% (Gunasekera et al algorithm)
Specificity ranged from 9% (Gunasekera et al algorithm) to 89% (Marais et al criteria)

Test
Comparative 

Accuracy
Studies (No. 
of patients)

Certainty of 
Evidence

Total Uganda NTLP Algorithm Se 0.84 0.19 13 (1713) Very low TP 8 FN 2 TP 84 FN 16 TP 168 FN 32
Total Standard of Care Se 0.65 -- 13 (1713) Very low TP 7 FN 4 TP 65 FN 35 TP 130 FN 70
Total Uganda NTLP Algorithm Sp 0.39 -0.25 13 (2892) Very low TN 386 FP 604 TN 351 FP 549 TN 312 FP 488
Total Standard of Care Sp 0.64 -- 13 (2892) Very low TN 634 FP 356 TN 576 FP 324 TN 512 FP 288
Total Brazilian MoH Score, cutoff 30 Se 0.86 0.23 14 (1824) Very low TP 9 FN 1 TP 86 FN 14 TP 172 FN 28
Total Standard of Care Se 0.63 -- 14 (1824) Very low TP 6 FN 4 TP 63 FN 37 TP 126 FN 74
Total Brazilian MoH Score, cutoff 30 Sp 0.41 -0.24 14 (2987) Very low TN 406 FP 584 TN 369 FP 531 TN 328 FP 472
Total Standard of Care Sp 0.65 -- 14 (2987) Very low TN 644 FP 347 TN 585 FP 315 TN 520 FP 280
Total, HIV- Gunasekera et al. Algorithm Se 0.95 0.38 12 (1085) Very low TP 10 FN 1 TP 95 FN 5 TP 190 FN 10
Total, HIV- Standard of Care Se 0.57 -- 12 (1085) Very low TP 6 FN 4 TP 57 FN 43 TP 114 FN 86
Total, HIV- Gunasekera et al. Algorithm Sp 0.09 -0.67 12 (2268) Very low TN 89 FP 901 TN 81 FP 819 TN 72 FP 728
Total, HIV- Standard of Care Sp 0.76 -- 12 (2268) Very low TN 752 FP 238 TN 684 FP 216 TN 608 FP 192
Total Keith Edward Score Se 0.92 0.28 14 (1820) Very low TP 9 FN 1 TP 92 FN 8 TP 184 FN 16
Total Standard of Care Se 0.64 -- 14 (1820) Very low TP 6 FN 4 TP 64 FN 36 TP 128 FN 72
Total Keith Edward Score Sp 0.18 -0.47 14 (2982) Very low TN 178 FP 812 TN 162 FP 738 TN 144 FP 656
Total Standard of Care Sp 0.65 -- 14 (2982) Very low TN 644 FP 347 TN 585 FP 315 TN 520 FP 280
Total, HIV+ Marcy et al. Algorithm Se 0.69 -0.07 8 (292) Very low TP 7 FN 3 TP 69 FN 31 TP 138 FN 62
Total, HIV+ Standard of Care Se 0.76 -- 8 (292) Very low TP 8 FN 2 TP 76 FN 24 TP 152 FN 48
Total, HIV+ Marcy et al. Algorithm Sp 0.57 0.21 8 (310) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344
Total, HIV+ Standard of Care Sp 0.36 -- 8 (310) Very low TN 356 FP 634 TN 324 FP 576 TN 288 FP 512
Total Stegen-Toledo Score, cutoff 5 Se 0.55 -0.08 14 (1824) Very low TP 6 FN 5 TP 55 FN 45 TP 110 FN 90
Total Standard of Care Se 0.63 -- 14 (1824) Very low TP 6 FN 4 TP 63 FN 37 TP 126 FN 74
Total Stegen-Toledo Score, cutoff 5 Sp 0.85 0.2 14 (2987) Very low TN 842 FP 149 TN 765 FP 135 TN 680 FP 120
Total Standard of Care Sp 0.65 -- 14 (2987) Very low TN 644 FP 347 TN 585 FP 315 TN 520 FP 280
Total Marais et al. Criteria Se 0.16 -0.47 14 (1824) Very low TP 2 FN 8 TP 16 FN 84 TP 32 FN 168
Total Standard of Care Se 0.63 -- 14 (1824) Very low TP 6 FN 4 TP 63 FN 37 TP 126 FN 74
Total Marais et al. Criteria Sp 0.89 0.24 14 (2987) Very low TN 881 FP 109 TN 801 FP 99 TN 712 FP 88
Total Standard of Care Sp 0.65 -- 14 (2987) Very low TN 644 FP 347 TN 585 FP 315 TN 520 FP 280

Accuracy Lower prevalence 
cutoff (1%)

Middle prevalence 
cutoff (10%)

Higher prevalence 
cutoff (20%)

The GDG discussed the option of 
making a general statement on the 
use of integrated treatment decision 
algorithms, rather than choosing one 
of the algorithms that was presented. 
Therefore, the algorithm that was used 
to represent the current standard of care 
in the evidence review, the Union desk 
guide algorithm, was included as one of 
8 algorithms included in the review. The 
GDG agreed that the intervention then 
included the use of any one of these 8 
algorithms, and the comparator not using 
any of them. The performance of each 
algorithm was compared to that of the 
standard of care with TB defined using the 
clinical case definitions for classification 
of intrathoracic tuberculosis in children, 
also referred to as the NIH reference 
classification.
The GDG noted that the accuracy 
characteristics of the different tests vary 
substantially. In addition, algorithms with 
a high sensitivity (i.e., with a low number 
of false negatives) generally have a low 
specificity (i.e., a high number of false 
positives) and vice versa. The GDG had 
reflected on the consequences of false 
negative and false positive results in 
preparation for this meeting. The panel 
agreed that minimizing false negative 
results is the most critical issue, to prevent 
missing a TB diagnosis in children, given 
the large case detection gap and the poor 
prognosis of a missed diagnosis of TB. 
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For HIV-infected children under the age of 10 years:
Sensitivity ranged from 24% (Marais et al criteria) to 92% (Uganda NTLP algorithm)
Specificity ranged from 15% (Uganda NTLP algorithm) to 87% (Stegen-Toledo score, cut-off 5)
 

Test
Comparative 

Accuracy
Studies (No. 
of patients)

Certainty of 
Evidence

HIV+ Uganda NTLP Algorithm Se 0.92 0.14 9 (472) Very low TP 9 FN 1 TP 92 FN 8 TP 184 FN 16
HIV+ Standard of Care Se 0.78 -- 9 (472) Very low TP 8 FN 2 TP 78 FN 22 TP 156 FN 44
HIV+ Uganda NTLP Algorithm Sp 0.15 -0.19 9 (431) Very low TN 149 FP 842 TN 135 FP 765 TN 120 FP 680
HIV+ Standard of Care Sp 0.34 -- 9 (431) Very low TN 337 FP 653 TN 306 FP 594 TN 272 FP 528
HIV+ Brazilian MoH Score, cutoff 30 Se 0.76 -0.03 9 (487) Very low TP 8 FN 2 TP 76 FN 24 TP 152 FN 48
HIV+ Standard of Care Se 0.79 -- 9 (487) Very low TP 8 FN 2 TP 79 FN 21 TP 158 FN 42
HIV+ Brazilian MoH Score, cutoff 30 Sp 0.59 0.24 9 (452) Very low TN 584 FP 406 TN 531 FP 369 TN 472 FP 328
HIV+ Standard of Care Sp 0.35 -- 9 (452) Very low TN 347 FP 644 TN 315 FP 585 TN 280 FP 520
HIV+ Keith Edward Score Se 0.87 0.09 9 (486) Very low TP 9 FN 1 TP 87 FN 13 TP 174 FN 26
HIV+ Standard of Care Se 0.78 -- 9 (486) Very low TP 8 FN 2 TP 78 FN 22 TP 156 FN 44
HIV+ Keith Edward Score Sp 0.24 -0.11 9 (450) Very low TN 238 FP 752 TN 216 FP 684 TN 192 FP 608
HIV+ Standard of Care Sp 0.35 -- 9 (450) Very low TN 347 FP 644 TN 315 FP 585 TN 280 FP 520
HIV+ Marcy et al. Algorithm Se 0.69 -0.07 8 (292) Very low TP 7 FN 3 TP 69 FN 31 TP 138 FN 62
HIV+ Standard of Care Se 0.76 -- 8 (292) Very low TP 8 FN 2 TP 76 FN 24 TP 152 FN 48
HIV+ Marcy et al. Algorithm Sp 0.57 0.21 8 (310) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344
HIV+ Standard of Care Sp 0.36 -- 8 (310) Very low TN 356 FP 634 TN 324 FP 576 TN 288 FP 512
HIV+ Stegen-Toledo Score, cutoff 5 Se 0.36 -0.43 9 (487) Very low TP 4 FN 6 TP 36 FN 64 TP 72 FN 128
HIV+ Standard of Care Se 0.79 -- 9 (487) Very low TP 8 FN 2 TP 79 FN 21 TP 158 FN 42
HIV+ Stegen-Toledo Score, cutoff 5 Sp 0.87 0.52 9 (452) Very low TN 861 FP 129 TN 783 FP 117 TN 696 FP 104
HIV+ Standard of Care Sp 0.35 -- 9 (452) Very low TN 347 FP 644 TN 315 FP 585 TN 280 FP 520
HIV+ Marais et al. Criteria Se 0.24 -0.55 9 (487) Very low TP 2 FN 8 TP 24 FN 76 TP 48 FN 152
HIV+ Standard of Care Se 0.79 -- 9 (487) Very low TP 8 FN 2 TP 79 FN 21 TP 158 FN 42
HIV+ Marais et al. Criteria Sp 0.84 0.49 9 (452) Very low TN 832 FP 158 TN 756 FP 144 TN 672 FP 128
HIV+ Standard of Care Sp 0.35 -- 9 (452) Very low TN 347 FP 644 TN 315 FP 585 TN 280 FP 520

Accuracy
Lower prevalence 

cutoff (1%)
Middle prevalence 

cutoff (10%)
Higher prevalence 

cutoff (20%)
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For children with severe acute malnutrition (SAM):
Sensitivity ranged from 33% (Marias et al criteria) to 93% (Uganda NTLP algorithm and Keith Edward score 
Specificity ranged from 10% (Keith Edward score) to 88% (Stegen-Toledo score, cut-off 5)

Test Comparative 
Accuracy

Studies (No. 
of patients)

Certainty 
of Evidence

SAM Uganda NTLP Algorithm Se 0.93 0.2 12 (272) Very low TP 9 FN 1 TP 93 FN 7 TP 186 FN 14
SAM Standard of Care Se 0.73 -- 12 (272) Very low TP 7 FN 3 TP 73 FN 27 TP 146 FN 54
SAM Uganda NTLP Algorithm Sp 0.15 -0.29 12 (379) Very low TN 149 FP 842 TN 135 FP 765 TN 120 FP 680
SAM Standard of Care Sp 0.44 -- 12 (379) Very low TN 436 FP 554 TN 396 FP 504 TN 352 FP 448
SAM Brazilian MoH Score, cutoff 30 Se 0.8 0.07 12 (272) Very low TP 8 FN 2 TP 80 FN 20 TP 160 FN 40
SAM Standard of Care Se 0.73 -- 12 (272) Very low TP 7 FN 3 TP 73 FN 27 TP 146 FN 54
SAM Brazilian MoH Score, cutoff 30 Sp 0.53 0.09 12 (379) Very low TN 525 FP 465 TN 477 FP 423 TN 424 FP 376
SAM Standard of Care Sp 0.44 -- 12 (379) Very low TN 436 FP 554 TN 396 FP 504 TN 352 FP 448
SAM, HIV- Gunasekera et al. Algorithm Se 0.91 0.25 10 (158) Very low TP 9 FN 1 TP 91 FN 9 TP 182 FN 18
SAM, HIV- Standard of Care Se 0.66 -- 10 (158) Very low TP 7 FN 3 TP 66 FN 34 TP 132 FN 68
SAM, HIV- Gunasekera et al. Algorithm Sp 0.2 -0.44 10 (271) Very low TN 198 FP 792 TN 180 FP 720 TN 160 FP 640
SAM, HIV- Standard of Care Sp 0.64 -- 10 (271) Very low TN 634 FP 356 TN 576 FP 324 TN 512 FP 288
SAM Keith Edward Score Se 0.93 0.2 12 (269) Very low TP 9 FN 1 TP 93 FN 7 TP 186 FN 14
SAM Standard of Care Se 0.73 -- 12 (269) Very low TP 7 FN 3 TP 73 FN 27 TP 146 FN 54
SAM Keith Edward Score Sp 0.1 -0.34 12 (376) Very low TN 99 FP 891 TN 90 FP 810 TN 80 FP 720
SAM Standard of Care Sp 0.44 -- 12 (376) Very low TN 436 FP 554 TN 396 FP 504 TN 352 FP 448
SAM, HIV+ Marcy et al. Algorithm Se 0.8 0 6 (48) Very low TP 8 FN 2 TP 80 FN 20 TP 160 FN 40
SAM, HIV+ Standard of Care Se 0.8 -- 6 (48) Very low TP 8 FN 2 TP 80 FN 20 TP 160 FN 40
SAM, HIV+ Marcy et al. Algorithm Sp 0.48 0.31 6 (62) Very low TN 475 FP 515 TN 432 FP 468 TN 384 FP 416
SAM, HIV+ Standard of Care Sp 0.17 -- 6 (62) Very low TN 168 FP 822 TN 153 FP 747 TN 136 FP 664
SAM Stegen-Toledo Score, cutoff 5 Se 0.51 -0.22 12 (272) Very low TP 5 FN 5 TP 51 FN 49 TP 102 FN 98
SAM Standard of Care Se 0.73 -- 12 (272) Very low TP 7 FN 3 TP 73 FN 27 TP 146 FN 54
SAM Stegen-Toledo Score, cutoff 5 Sp 0.88 0.44 12 (379) Very low TN 871 FP 119 TN 792 FP 108 TN 704 FP 96
SAM Standard of Care Sp 0.44 -- 12 (379) Very low TN 436 FP 554 TN 396 FP 504 TN 352 FP 448
SAM Marais et al. Criteria Se 0.33 -0.4 13 (273) Very low TP 3 FN 7 TP 33 FN 67 TP 66 FN 134
SAM Standard of Care Se 0.73 -- 13 (273) Very low TP 7 FN 3 TP 73 FN 27 TP 146 FN 54
SAM Marais et al. Criteria Sp 0.72 0.27 13 (380) Very low TN 713 FP 277 TN 648 FP 252 TN 576 FP 224
SAM Standard of Care Sp 0.45 -- 13 (380) Very low TN 446 FP 545 TN 405 FP 495 TN 360 FP 440

Accuracy
Lower prevalence 

cutoff (1%)
Middle prevalence 

cutoff (10%)
Higher prevalence 

cutoff (20%)
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For infants aged below one year:
Sensitivity ranged from 17% (Marais et al criteria) to 93% Gunasekera et al algorithm)
Specificity ranged from 13% (Gunasekera et al algorithm) to 86% (Stegen-Toledo score, cut-off 5)

Test Comparative 
Accuracy

Studies (No. 
of patients)

Certainty of 
Evidence

Age <1 yr Uganda NTLP Algorithm Se 0.81 0.21 12 (404) Very low TP 8 FN 2 TP 81 FN 19 TP 162 FN 38
Age <1 yr Standard of Care Se 0.6 -- 12 (404) Very low TP 6 FN 4 TP 60 FN 40 TP 120 FN 80
Age <1 yr Uganda NTLP Algorithm Sp 0.38 -0.19 12 (575) Very low TN 376 FP 614 TN 342 FP 558 TN 304 FP 496
Age <1 yr Standard of Care Sp 0.57 -- 12 (575) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344
Age <1 yr Brazilian MoH Score, cutoff 30 Se 0.87 0.27 12 (430) Very low TP 9 FN 1 TP 87 FN 13 TP 174 FN 26
Age <1 yr Standard of Care Se 0.6 -- 12 (430) Very low TP 6 FN 4 TP 60 FN 40 TP 120 FN 80
Age <1 yr Brazilian MoH Score, cutoff 30 Sp 0.41 -0.16 12 (591) Very low TN 406 FP 584 TN 369 FP 531 TN 328 FP 472
Age <1 yr Standard of Care Sp 0.57 -- 12 (591) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344
Age <1 yr, HIV- Gunasekera et al. Algorithm Se 0.93 0.39 10 (262) Very low TP 9 FN 1 TP 93 FN 7 TP 186 FN 14
Age <1 yr, HIV- Standard of Care Se 0.54 -- 10 (262) Very low TP 5 FN 5 TP 54 FN 46 TP 108 FN 92
Age <1 yr, HIV- Gunasekera et al. Algorithm Sp 0.13 -0.49 10 (414) Very low TN 129 FP 861 TN 117 FP 783 TN 104 FP 696
Age <1 yr, HIV- Standard of Care Sp 0.62 -- 10 (414) Very low TN 614 FP 376 TN 558 FP 342 TN 496 FP 304
Age <1 yr Keith Edward Score Se 0.9 0.29 12 (429) Very low TP 9 FN 1 TP 90 FN 10 TP 180 FN 20
Age <1 yr Standard of Care Se 0.61 -- 12 (429) Very low TP 6 FN 4 TP 61 FN 39 TP 122 FN 78
Age <1 yr Keith Edward Score Sp 0.2 -0.37 12 (590) Very low TN 198 FP 792 TN 180 FP 720 TN 160 FP 640
Age <1 yr Standard of Care Sp 0.57 -- 12 (590) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344
Age <1 yr, HIV+ Marcy et al. Algorithm Se 0.66 -0.01 7 (51) Very low TP 7 FN 3 TP 66 FN 34 TP 132 FN 68
Age <1 yr, HIV+ Standard of Care Se 0.67 -- 7 (51) Very low TP 7 FN 3 TP 67 FN 33 TP 134 FN 66
Age <1 yr, HIV+ Marcy et al. Algorithm Sp 0.58 0.16 7 (56) Very low TN 574 FP 416 TN 522 FP 378 TN 464 FP 336
Age <1 yr, HIV+ Standard of Care Sp 0.42 -- 7 (56) Very low TN 416 FP 574 TN 378 FP 522 TN 336 FP 464
Age <1 yr Stegen-Toledo Score, cutoff 5 Se 0.54 -0.06 12 (430) Very low TP 5 FN 5 TP 54 FN 46 TP 108 FN 92
Age <1 yr Standard of Care Se 0.6 -- 12 (430) Very low TP 6 FN 4 TP 60 FN 40 TP 120 FN 80
Age <1 yr Stegen-Toledo Score, cutoff 5 Sp 0.86 0.29 12 (590) Very low TN 851 FP 139 TN 774 FP 126 TN 688 FP 112
Age <1 yr Standard of Care Sp 0.57 -- 12 (590) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344
Age <1 yr Marais et al. Criteria Se 0.17 -0.43 12 (430) Very low TP 2 FN 8 TP 17 FN 83 TP 34 FN 166
Age <1 yr Standard of Care Se 0.6 -- 12 (430) Very low TP 6 FN 4 TP 60 FN 40 TP 120 FN 80
Age <1 yr Marais et al. Criteria Sp 0.81 0.24 12 (591) Very low TN 802 FP 188 TN 729 FP 171 TN 648 FP 152
Age <1 yr Standard of Care Sp 0.57 -- 12 (591) Very low TN 564 FP 426 TN 513 FP 387 TN 456 FP 344

Accuracy
Lower prevalence 

cutoff (1%)
Middle prevalence 

cutoff (10%)
Higher prevalence 

cutoff (20%)

For HIV-infected children under the age of 10 years, the pooled sensitivity of the algorithms reviewed ranged from 24% (Marais et al criteria) to 
92% (Uganda NTLP algorithm) and the pooled specificity ranged from 15% (Uganda NTLP algorithm) to 87% (Stegen-Toledo score, cut-off 5). 
For children with severe acute malnutrition (SAM) the pooled sensitivity varied between 33% (Marais et al criteria) and 93% (Uganda NTLP 
algorithm and Keith Edward score), while the pooled specificity varied between 10% (Keith Edward score) and 88% (Stegen-Toledo score, cut-off 5). 
For infants aged below one year of age the pooled sensitivity ranged from 17% (Marais et al criteria) to 93% (Gunasekera et al algorithm) and the 
pooled specificity ranged from 13% (Gunasekera et al algorithm) to 86% (Stegen-Toledo score, cut-off 5).
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
  Moderate
○ Large
○ Varies
○ Don’t know

The desirable effects relate to true positive and true negative conclusions based on the treatment decision algorithm. Overall, the eventual desirable 
effects relate to improved TB case detection, reduced diagnostic and treatment delays and good treatment outcomes once children with TB are started 
on treatment. 
(See summary of GRADE evidence profiles under test accuracy above) 

The judgments on desirable and 
undesirable effects relate to using 
algorithms versus not using them, i.e., 
based on current clinical practice. The 
GDG judged that the desirable effects 
of using integrated treatment decision 
algorithms versus not using them were 
moderate. 

Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large
  Moderate
○ Small
○ Trivial
○ Varies
○ Don’t know

The undesirable effects relate to false negative and false positive conclusions based on the treatment decision algorithm. 
False negative conclusions may leave TB undiagnosed and therefore untreated, missed diagnoses of drug resistant TB, treatment of TB infection when 
the child may have TB disease and an increased risk of severe disease and mortality especially in vulnerable young children. 
False positive conclusions may leave other diseases or conditions undiagnosed and untreated, potentially missing a serious alternative diagnosis (e.g., 
malignancies, chronic, atypical infections). They may also lead to over-diagnosis and over-treatment, with potential drug toxicities (although generally 
these are perceived as limited). 
(See summary of GRADE evidence profiles under test accuracy above) 

The majority of the GDG members felt that 
the undesirable effects were moderate 
mainly in relation to the possible increase 
in the number and/or proportion of 
missed cases of TB.

Certainty of the evidence of test accuracy
What is the overall certainty of the evidence of test accuracy?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

The certainty of the evidence of test accuracy for all treatment decision algorithms was very low. 

Certainty of the evidence of test’s effects
What is the overall certainty of the evidence for any critical or important direct benefits, adverse effects or burden of the test?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
  No included 

studies

There were no included studies on the certainty of the evidence of the test’s effects. 
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Certainty of the evidence of management’s effects
What is the overall certainty of the evidence of effects of the management that is guided by the test results?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
  High
○ No included 

studies

Treatment of drug-susceptible TB is highly effective in children, once started after being diagnosed with TB. The average treatment success rate reported 
by 123 countries (including 19 high TB burden countries) in the Global TB Report 2020 (WHO, 2020) was 85% for the 2018 cohort, ranging in the high 
TB burden countries from 73% in Papua New Guinea to 97% in Bangladesh (1). Treatment of MDR-TB has also been reported as effective, with overall 
78% of children being successfully treated, reported in a systematic review conducted in 2016 (4). 

The GDG judged the certainty of the 
evidence as high as they felt that the TB 
treatment to would be guided by the 
use of integrated treatment decision 
algorithms. 

Certainty of the evidence of test result/management
How certain is the link between test results and management decisions?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
○ Moderate
○ High
  No included 

studies

There were no included studies on the certainty of the link between test results and management decisions. 

Certainty of effects
What is the overall certainty of the evidence of effects of the test?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

The certainty of effects of the use of the 
algorithm was judged to be the same as 
the overall certainty of the evidence of test 
accuracy, e.g. very low. 



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 26

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on how much patients value the outcomes. A separate qualitative evidence synthesis presented to the GDG on the 
topic of TB screening and case finding found that people valued their health, which could be supported through their own economic efforts or through 
TB services, and that these two routes sometimes undermined each other. Seeking TB services accrued costs and interfered with employment through 
missing work or through discrimination at work. They therefore valued the lower costs of TB care nearer home and often sought care first from local 
pharmacies or traditional health providers. Persistence in securing follow up care also underscored health as a widely shared value. People valued privacy 
and discretion in all settings for TB screening and for all aspects of subsequent TB care for themselves and for their children. Sometimes individual values 
(i.e., individual health or employment) conflicted with the widely shared community values of social integration and of family solidarity and harmony. 
Discrimination due to TB and HIV stigma sometimes isolated people from their wider community; enabled fractious or frustrating treatment in clinics; 
or led to discord and divisiveness within families. People also had to balance TB care seeking according to their individual health against their fears of 
infecting others (i.e., threatening community health). Likewise, parents had to balance the health of their children against their fears of medications. 

The GDG judged that there was probably 
no important uncertainty or variability 
in how much people value the main 
outcomes.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ Don’t know

When considering the benefits versus the harms there is a balance between improving case detection and reducing mortality in children with TB, and 
the risk of false negative and false positive results resulting from the use of treatment decision algorithms. 

The balance of effects probably favours 
the intervention, considering the very 
low certainty evidence, the moderate 
desirable effects and the moderate 
undesirable effects and the higher value 
given to minimizing false negative results 
compared to minimizing false positives. 
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs 

and savings
○ Moderate 

savings
○ Large savings
  Varies
○ Don’t know 

A costing analysis of integrated treatment decision algorithms for children under 10 years was conducted to inform the GDG meeting. This analysis 
costed the following algorithms: The Union desk guide (both for HIV infected and HIV uninfected children) (https://theunion.org/technical-publications/
guide-for-diagnosis-and-management-of-tb-in-children-africa), the algorithm developed based on a cohort of children in Cape Town, South Africa (HIV 
uninfected children) (5) and the algorithm developed by the PAANTHER study (HIV infected children) (6). 
The analysis modelled the algorithms separately by HIV status, using the setting of primary health clinics in Uganda (a country with an estimated 
TB incidence of 200 per 100,000 and a proportion of children aged 0–14 years among all TB case notifications of 13% in 2019). Each algorithm was 
converted into a decision tree model. Assumptions regarding the clinical pathway (including regarding TB prevalence, clinical presentation, available 
diagnostics, sputum or alternative sample testing) were made when converting the algorithms into models. The modelling included a simulated cohort 
of 10,000 children presenting with symptoms of prolonged cough, fever, or poor growth/weight loss. The first step included clinical examination and 
HIV testing. The following outcomes were included: total cost for screening cohort of 10,000 presumptive TB patients, number of TB cases detected and 
cost per TB case detected. Sensitivity analyses were conducted to explore the drivers of cost. Clinical parameters included estimates for diagnostic test 
accuracy of each step in the algorithms, with HIV-specific estimates where possible. Costs were based on estimates for costs of tests and procedures and 
were converted to 2020 US Dollars. 
At a prevalence of TB among children with presumptive TB of 3%, the cost of the algorithms per TB patient diagnosed (in USD) were as follows:
Union, HIV negative: 2,079.06
Cape Town, HIV-negative: 1,369.17
Union, HIV-positive: 1,368.59
PAANTHER, HIV-positive: 1,301.93
Among the HIV-negative algorithms, the Cape Town algorithm had the lowest cost, while the costs of HIV-positive algorithms were nearly identical. As 
TB prevalence increases, the cost per TB patient diagnosed decreases for all algorithms. Algorithms that rely heavily on sputum testing as first step were 
found to be the most costly. The cost varies significantly based on the assumption about the proportion of children with sputum (or other samples) 
collected. The results may be generalizable to other sub-Saharan African countries with similar TB epidemiology and costs. 
The authors concluded that algorithms that rely more on triage up-front (based on clinical parameters) have the lowest cost and that at higher TB 
prevalence, the difference in cost between algorithms decreases. However, the uncertainty in clinical estimates and assumptions in the modelling 
pathway limited generalizability and the strength of conclusions. 

The GDG judged that the resource 
requirements to vary depending on the 
algorithm used.



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 28

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

○ Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
  No included 

studies

There were no included studies on cost-
effectiveness of treatment decision 
algorithms.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

There were no included studies on equity. However in a separate qualitative evidence synthesis that was presented to the GDG, conducted on the topic 
of TB screening and case finding, the reviewers noted that follow up care was difficult. Parents and children faced repeated tests and visits, which took 
time, and had fractious interactions with health care providers. 
Implementation of integrated treatment decision algorithms has the potential to reduce repeated visits and tests and therefore to improve equity. 
It is assumed that implementation of integrated treatment decision algorithms at lower levels of the healthcare system potentially increases equity as 
decisions to start children on anti-TB treatment could be made at the same level of care where children first access the health care system, without the 
need to be referred to higher levels for further evaluation, including for diagnostic testing or other investigations (including chest radiography). This 
will depend on the availability of diagnostic testing and/or sample transport systems, access to radiography, as well as the capacity and confidence of 
healthcare workers in making a treatment decision using the algorithm(s). 

The GDG judged that health equity 
would probably increase with the use of 
integrated treatment decision algorithms, 
especially at peripheral levels of the health 
system. 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

No studies evaluated the acceptability of the use of integrated treatment decision algorithms among caregivers, children and adolescents or health care 
workers. 
However, the TB Speed Pneumonia study has collected some information on the acceptability of diagnostic tools which comprise one part of the 
treatment decision algorithms. The TB Speed pneumonia study, a cluster-randomized trial with a stepped wedge design, evaluating diagnostic 
approaches including Xpert Ultra upon admission, on one nasopharyngeal (NPA) and one stool specimen in children aged 2 to 59 months with WHO-
defined severe pneumonia, included a qualitative component. This component assessed the experience and perceptions of study nurses and parents 
regarding the childhood TB diagnosis package (NPA and stool sample collection, Xpert Ultra testing) at the tertiary level of care. The methods included 
individual interviews with selected parents/guardians and the study nurses, followed by thematic analysis. Nurses felt stool collection was an easy 
procedure, which can be collected/performed from any child (irrespective of whether they are very sick, having difficulty in breathing or are on oxygen) 
as long as they can produce stool. Nurses also appreciated the fact that no pain is caused to babies during stool collection. Challenges were reported 
with delays in obtaining the samples (sometimes parents forgot to provide stool to nurses if the child passed stool at night), or in tracking parents to 
bring back the stool container later for sample collection (if the child was unable to produce stool during hospitalization). Nurses also mentioned the risk 
of stool getting contaminated (e.g. with soil or mud) when it was collected by parents if it was not collected appropriately. 
Collecting stool from their child was experienced by parents as easy, straightforward and normal and parents appreciated the seamless/passive aspect 
of this method of specimen collection for children. Stool sample collection was not always rapid and easy, as sometimes children cannot pass stool 
immediately. Parents reported lacking information and did not always clearly understand the role of stool sample collection for TB diagnosis. 
The TB-Speed pneumonia study also collected data on acceptability of NPA sample collection, through individual interviews among 63 study nurses 
and 59 parents and guardians. Most parents reported experiencing NPA as a painful procedure (for the child, and for parents indirectly), however they 
reported positive attitudes towards the NPA as the procedure aims to improve their child’s health so they felt it was worth the effort. 
Parents were often involved in the NPA procedure (holding, supporting child), and generally felt engaged. However, some had poor understanding of 
the TB diagnostic role of NPA (rather seen as “treatment” to facilitate breathing). Nurses were positive overall about the feasibility of NPA: they felt that 
the machines were easy to handle, although they sometimes experienced challenges with an unstable power supply. They disliked causing discomfort 
to children and noted that NPA requires collaboration from colleagues and parents. They felt that it is a quicker and less invasive procedure than gastric 
aspirate, and contributes to improve child health. Professional confidence in performing NPA increased through day to day practice and as nurses 
became more skilled (7). 

Evidence on acceptability was indirect 
and only applicable to the parts of the 
treatment decision algorithms that cover 
diagnostic tests and paediatric specimens. 
The GDG judged that integrated treatment 
decision algorithms are probably 
acceptable to key stakeholders.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

No studies evaluated the feasibility of the use of integrated treatment decision algorithms among caregivers, children and adolescents or health care 
workers. 
However the TB Speed decentralization and pneumonia studies have collected some information on the feasibility of testing various samples using 
Xpert Ultra. Data on the uptake of stool sample testing was available from the TB Speed decentralization study. This was an operational research study 
in children with presumptive TB, evaluating an innovative childhood TB diagnosis package (including systematic screening, clinical evaluation, Xpert Ultra 
on stool and nasopharyngeal aspirate [NPA] and optimized chest X-ray) at district hospital and primary health care levels. A sub-analysis was conducted 
for 1746 children enrolled in the study, to assess the feasibility of collecting stool samples for Ultra testing and the detection yield of Ultra testing on 
stools (and compared to NPA). 
Of the 1746 children included in the study, 356 did not have a stool sample collected (20%). A total of 1333 children (96% of those with stool collected) 
had Xpert Ultra testing done, of whom 1228 (70% of the 1746 included children) had a valid result. Of the 1333 children with an Ultra test done, 16 
(1.2%) had Mycobacterium tuberculosis (MTB) detected. In the study, a total of 269 children were diagnosed with TB, of whom 230 (86%) had a clinical 
diagnosis. The yield of Ultra testing was 5.9% on stool samples, compared to 11.2% on NPA (and 14.5% on both sample collection methods). 
Data on the uptake of stool sample testing was also available from the TB Speed pneumonia study. 1171 children were included in the intervention arm, 
of whom 227 did not have a stool sample collected (19%). A total of 921 children (79% of those with stool collected) had Xpert Ultra testing done, of 
whom 905 (77% of the 1171 included children) had a valid result. 
In the TB Speed pneumonia study, the turn-around time for Ultra testing was 4.5 hours. The positivity rate for MTB detection was 1.7% (after retesting 
children with invalid or error results). 
Similar data was available on the feasibility of nasopharyngeal aspirate (NPA) in children with presumptive TB from the TB-Speed decentralization study. 
Of the 1746 children included, 1684 (96%) had an NPA attempted, of who 1653 (95% of enrolments) were successful. 1634 children had Ultra performed 
on their NPA sample, and 1581 (91% of enrolments) had a valid Ultra result. 3.3% of samples had an invalid Ultra result, and 1.8% (30 children) had a 
positive result (MTB detected). In the pneumonia study, 96% of 1171 enrolled children had a valid Ultra result on NPA, with a 1.8% positivity rate as well. 
In the TB-Speed pneumonia study, feasibility and tolerability of NPA was assessed among nurses and children or caregivers, respectively. During the 
procedure, 24% of children reported severe discomfort, distress or pain. This was higher among caregivers (32%) and similar among nurses (24%). 5% 
of nurses found the NPA procedure difficult, and 0.2% impossible. 97% of children needed help with restraining them during the procedure, with 5.5% of 
children reported as difficult to manage (TB-Speed consortium, unpublished data). 

Evidence on feasibility was also indirect 
and only applicable to the parts of the 
treatment decision algorithms that cover 
diagnostic tests and paediatric specimens. 
The GDG judged that integrated treatment 
decision algorithms are probably feasible 
to implement.
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SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

TEST ACCURACY Very inaccurate Inaccurate Accurate Very accurate Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF THE EVIDENCE OF 
TEST ACCURACY Very low Low Moderate High No included studies

CERTAINTY OF THE EVIDENCE OF 
TEST’S EFFECTS Very low Low Moderate High No included studies

CERTAINTY OF THE EVIDENCE OF 
MANAGEMENT’S EFFECTS Very low Low Moderate High No included studies

CERTAINTY OF THE EVIDENCE OF 
TEST RESULT/MANAGEMENT Very low Low Moderate High No included studies

CERTAINTY OF EFFECTS Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○   ○ 
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CONCLUSIONS

Recommendation
In children below the age of ten years with presumptive pulmonary TB attending healthcare facilities, integrated treatment decision algorithms may be used to diagnose pulmonary TB (conditional recommendation; very 
low certainty evidence). 

Remarks:
Presumptive TB refers to a patient who presents with symptoms or signs suggestive of TB (8)
Bacteriological confirmation should be sought as part of the integrated treatment decision algorithms whenever possible, preferably using WHO recommended rapid molecular tests and appropriate paediatric 
specimens (including stool, NPA, induced or expectorated sputum or gastric aspirate)
Country programmes are encouraged to use the treatment decision algorithms included in the operational handbook, in preference to using alternative algorithms that have not been evaluated and validated 

Justification
Seven algorithms or scoring systems were identified: the Uganda National TB/Leprosy Control Program Algorithm (9), the Brazilian Ministry of Health Child PTB Scoring System (10), the Gunasekera et al., 2021 Algorithm 
(5), the Keith Edward Score (11), the Marcy et al., 2019 Algorithm (6), the Stegen-Toledo Score (12), and the Marais et al., 2006 criteria (13). The pooled estimates of the sensitivity and specificity of each algorithm/score 
were compared to the standard of care algorithm (Union Desk Guide) for children aged below 10 years, for children living with HIV, for children with SAM and for children aged below 1 year of age. 
For the population of children under the age of 10 years pooled sensitivity ranged from 16% (Marais et al criteria) to 95% (Gunasekera et al algorithm), while the pooled specificity ranged from 95% (Gunasekera et al 
algorithm) to 89% (Marais et al criteria). 
The GDG highlighted that data in the IPD were mainly from tertiary settings where the proportion of confirmed cases is higher than at district hospital or PHC levels. The panel felt that algorithms with clinical criteria 
have an important role to play, particularly at peripheral levels of the health system. A data-driven algorithm allocates a modelled weight to each of the features of a clinical evaluation. Advantages of data-driven 
algorithms include that their development allows for specification of the weight and direction of certain clinical features, rather than being based solely on general expert opinion. It was acknowledged that the data had 
a high level of heterogeneity. Conducting a meta-regression by site level during the review was not possible because of the limited number of studies. 
The GDG felt that algorithms with clinical criteria have an important role to play in making decisions on starting children on anti-TB treatment, particularly at peripheral levels of the health system. There was strong 
consensus among the GDG about the need and importance of the work on treatment decision algorithms to improve the gaps in TB case detection in children. As development of data driven algorithms allocates a 
modelled weight to features of clinical evaluation, an important advantage includes the fact that this process allows for specification of the weight and direction of certain clinical features, rather than being based solely 
on general expert opinion. The panel highlighted that data in the IPD were mainly from tertiary settings where the proportion of confirmed cases is higher than at district hospital or PHC level. It was acknowledged that 
the IPD data had a high level of heterogeneity. Conducting a meta-regression by site level during the review was not possible because of the limited number of studies. 
The GDG concluded that none of the evaluated algorithms were optimal in terms of either sensitivity or specificity, combined with very low certainty evidence. The GDG also noted that algorithms with a high sensitivity 
(e.g. low number of false negatives) generally have a low specificity (e.g. a high number of false positives) and vice versa. The panel reflected on the consequences of false negative and false positive conclusions 
based on treatment decision algorithms and agreed that it was most important to prevent false negative results (e.g. prevent missing a TB diagnosis in a child with TB) considering the large case detection gap and the 
consequences of a missed diagnosis of TB. 
In the deliberations of the GDG the following options for taking the findings of the evidence review forward were discussed: i. choose one of the algorithms reviewed for a possible recommendation; ii. make a general 
recommendation on the use of integrated treatment decisions algorithms and present new data-driven algorithms in the operational handbook; iii. make a statement about the need for further research on treatment 
decision algorithms, affirming the need for such algorithms. 
The unanimous decision by the GDG was to make a general recommendation on the use of treatment decision algorithms, and describe newly developed algorithms for relevant sub-groups and/or settings in the 
operational handbook, rather than making a specific recommendation on one algorithm to be used. The GDG also emphasized the need to reduce false negative results, while accepting a certain degree of over-
diagnosis, as well as limiting unnecessary referrals and tests in children. The GDG felt that a general recommendation with operational guidance on the use on data-driven algorithms integrating the use of rapid 
diagnostics with clinical features would empower healthcare workers, including those in settings with limited access to diagnostic tools, to make decisions on starting TB treatment in children. 

Subgroup considerations
The GDG highlighted the need for the development of specific data-driven treatment decision algorithms for specific sub-groups, including for children living with HIV, children with SAM and infants. Following on from 
the GDG meeting, new integrated treatment decision algorithms for specific populations and settings, will be developed and validated, using regression modelling, with pre-determined cut-off values for sensitivity and 
specificity, using the individual patient data set that was used to answer this PICO question. These algorithms will be detailed with practical guidance on their use in the operational handbook on the management of TB 
in children and adolescents, including for sub groups, where this is feasible. 
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Implementation considerations
Integrated treatment decision algorithms allow treatment decisions to be made at more decentralized levels of care, where children generally present earlier, with less severe disease and lower bacteriological 
confirmation rates. Algorithms integrating clinical criteria have an important role to play at these levels of the health system. The decision to start treatment is linked to other recommendations in these guidelines, for 
example on shortening treatment duration for children with drug susceptible non-severe forms of TB. Treatment decisions for children with non-severe TB disease can be based on the algorithms, and clear criteria for 
assessing severity of disease are described in the operational handbook. These algorithms cover the diagnosis of pulmonary TB in children under the age of ten years, including intrathoracic lymphadenopathy. The 
algorithms are not suitable for the diagnosis of extra-pulmonary TB. For the algorithms presented in the operational handbook, clear operational guidance will be provided on how they should be applied, including the 
expected levels of both over- and underdiagnosis when applying each algorithm. 
Defining criteria for referral of children who are evaluated for pulmonary TB at peripheral levels of the healthcare system using the algorithms is important. Examples of sub-groups in need of referral include infants, 
children with presumptive severe forms of extra-pulmonary TB (e.g. TB meningitis, disseminated TB and osteo-articular TB) and children with presumptive DR-TB in regions with a high prevalence of drug-resistant TB 
(DR-TB). Children presenting with severe acute pneumonia need referral to the appropriate level of care for oxygen supplementation, while children with severe acute malnutrition need to be provided with appropriate 
nutritional support. A low index of suspicion is important in infants with acute symptoms who are contacts of confirmed TB patients, to make a treatment decision as soon as possible, rather than waiting for symptoms to 
persist, because of the risk of rapid deterioration and development of severe TB disease. 
It is important to acknowledge that the preference for a sufficient sensitivity of the algorithms to ensure the detection and treatment of as many as children with TB as possible will mean that other children who do not 
have TB may be treated with anti-TB treatment. All efforts should be taken to confirm a diagnosis of TB, using bacteriological tests when a specimen is available. The risk of severe drug-related toxicity in children treated 
for TB is very low, and the challenges of treatment even further reduced by shorter regimens for non-severe drug-susceptible TB. However, it is critical to monitor children started on TB treatment and refer them for 
evaluation for other diseases and appropriate treatment if they fail to respond to anti-TB treatment within one month. 
Treatment decision algorithms can be implemented in settings with a high burden of drug resistant TB (DR-TB). Seeking bacteriological confirmation using appropriate paediatric samples and WHO recommended rapid 
diagnostic tests (such as Xpert MTB/RIF or Xpert Ultra) is critical in children who have a history of contact with a source case with confirmed DR-TB or who are otherwise highly likely to have DR-TB (including those on 
prolonged treatment, or source cases who died due to TB). Clinicians need to keep a high index of suspicion for DR-TB in these children and refer children to a facility with capacity to diagnose and manage DR-TB as 
appropriate.

Monitoring and evaluation
It will be important to monitor the use of integrated treatment decision algorithms and evaluate their impact on case notifications and treatment outcomes into the future
Other monitoring considerations include clinical monitoring of patients started on TB treatment based on clinical criteria, e.g. they need to be monitored for a response to therapy (to identify an alternative diagnosis in 
children who are false positives treated for TB), as well as monitoring for adverse events and deterioration in the patients clinical condition (which could signify DR-TB)

Research priorities
Diagnostic test accuracy studies and effectiveness studies of algorithms for the diagnosis of EPTB
Operational research to externally validate newly developed treatment decision algorithms for specific sub-populations and settings. 
Operational research to evaluate the use and impact of treatment decision algorithms and how to tailor them to local epidemiological setting (e.g. burden in different age groups, different settings etc.)
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Table 3. Should a 4-month treatment regimen vs. currently recommended 6-month 
treatment regimen be used for children and adolescents with non-severe drug-
susceptible tuberculosis?

POPULATION: Children and adolescents with non-severe drug-susceptible tuberculosis

INTERVENTION: A 4-month treatment regimen

COMPARISON: Currently recommended 6-month treatment regimen 

MAIN OUTCOMES: Death (all-cause); Treatment success; Treatment failure; Relapse; Treatment adherence; Adverse events; Loss to follow up; Treatment success children with peripheral lymph node 
TB; Treatment success children living with HIV; Mortality children living with HIV

SETTING: Global

PERSPECTIVE: Clinical and public health perspectives

BACKGROUND:

It is estimated that approximately 1.2 million children develop TB annually and 230,000 die, most of them without having accessed care and treatment (1). The majority of children 
with TB have less severe forms of the disease. Long treatment regimens can result in high costs to families and health services, potentially with added toxicity, risks of drug-drug 
interactions in children living with HIV, and problems with pill-burden and adherence. Shorter, safe and effective treatment regimens for children with both drug-susceptible and 
drug-resistant TB are a key intervention to achieve the WHO’s End TB Strategy targets, as well as the targets related to children set during the United Nations General Assembly 
High Level Meeting on the Fight Against TB in 2018 (2). 
This PICO question uses evidence from the SHINE trial (Shorter Treatment for Minimal Tuberculosis in Children). This was a multi-centre, open-label, parallel-group, non-
inferiority, randomised controlled, two-arm trial comparing 4-month (16 weeks) versus standard 6-month (24 weeks) treatment durations using WHO-recommended paediatric 
anti-TB drug doses in children under 16 years with symptomatic, non-severe TB. Children and young adolescents were treated with rifampicin, isoniazid and pyrazinamide, with 
or without ethambutol. Minimal TB was defined as non-severe and respiratory-sample smear-negative TB. Non-severe TB included pulmonary TB confined to one lobe with no 
cavities, intra-thoracic lymph node TB with no significant airway obstruction and no bilateral airway narrowing and extra-thoracic (peripheral) lymph node TB (3). 

CONFLICT OF INTERESTS:
Chishala CHABALA
Steve GRAHAM

ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally, an estimated 1.19 million (range 1.05 -1.33 million) children (aged below 15 years) fell ill with TB in 2019, or about 12% of the global burden. 
Only 44% of these children were reported to national TB programmes. TB-related mortality in children below 15 years was estimated at 230,000 for 
2019 (1). Modelling has shown that 80% of TB-related deaths are among children aged under 5, and that 96% of children who die of TB, did not access 
treatment (4). The treatment success rate for children (aged below 15 years) newly enrolled on treatment (on a six month regimen), reported by 123 
countries (including 19 high TB burden countries) for the 2018 cohort was 85% (1).
Long treatment regimens present serious challenges to the programmatic management of TB globally. Since the discovery of first-line anti-TB medicines 
and treatment regimens, the TB community has been in search of shorter and more effective treatments for TB disease. Long treatment regimens may 
lead to costs to children and their families, a burden to health services and added toxicity. In addition, children with HIV-co-infection risk suboptimal 
control of HIV resulting from drug-drug interactions between TB treatment and ART, and the increased pill-burden may have an effect on adherence. 
These factors could be ameliorated by shortening TB treatment (3). There has been strong research interest in shortening the duration of treatment in 
recent years. Shortened treatment has the potential to improve adherence and reduce patient and health system costs. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don’t know

SHINE was a multicentre, open-label, parallel-group, non-inferiority, randomised controlled, two-arm trial comparing 4-month (16 weeks) versus 
standard 6-month (24 weeks) treatment durations using WHO-recommended paediatric anti-TB drug doses in children under 16 years with 
symptomatic minimal (non-severe) TB. Minimal TB was defined as non-severe and respiratory-sample smear-negative TB. Non-severe TB included 
pulmonary TB confined to one lobe with no cavities, intra-thoracic lymph node TB with no significant airway obstruction and no bilateral airway 
narrowing and extra-thoracic (peripheral) lymph node TB. 

Desirable effects:

Outcomes
Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI) Certainty 
of the 

evidence 
(GRADE)

What happensWithout a 4-month 
treatment regimen

With a 4-month 
treatment regimen

Difference

Death (all-cause)
assessed with: mITT
follow up: mean 
72 weeks
№ of participants: 1145
(1 RCT)a

RR 0.54 
(0.22 to 1.34)

Study population  
MODERATEb,c

A 4-month treatment regimen 
probably results in little to no 
difference in death (all-cause). 
10 fewer per 1,000 (from 18 
fewer to 8 more) 

2.3% 1.2% (0.5 to 3) 1.0% fewer 
(1.8 fewer to 

0.8 more)

Treatment success 
(Cure and treatment 
completion)
assessed with: mITT
follow up: mean 
72 weeks
№ of participants: 1145
(1 RCT)d

RR 1.00 
(0.98 to 1.02)

Study population  
HIGHb

A 4-month treatment regimen 
results in little to no difference 
in treatment success. 0 fewer 
per 1,000 (from 19 fewer to 
19 more) 

96.9% 96.9%
(94.9 to 98.8)

0.0% fewer
(1.9 fewer to 

1.9 more)

Treatment failure (A 
patient whose treatment 
regimen needed to 
be terminated or 
permanently changed 
to a new regimen or 
treatment strategy)
assessed with: mITT
follow up: mean 
72 weeks
№ of participants: 1145
(1 RCT)e

RR 3.01 
(0.31 to 28.81)

Study population  
MODERATEf

A 4 -month treatment regimen 
likely results in little to no 
difference in treatment failure. 
4 more per 1,000 (from 1 
fewer to 49 more) 

0.2% 0.5%
(0.1 to 5)

0.4% more
(0.1 fewer to 

4.9 more)

The GDG highlighted the importance of 
clarifying the population included in the 
SHINE trial. The population consisted of: 
children and young adolescents aged 
below 16 years; weight ≥ 3kg; no known 
drug resistance; symptomatic but non-
severe TB; smear negative on respiratory 
samples (Xpert positive result allowed); 
not treated for TB in previous 2 years; 
known HIV status (positive or negative). 
The definition of non-severe TB included 
the following: peripheral lymph node TB 
or respiratory TB, confined to one lobe, 
without cavities, without complicated 
airway obstruction, without complicated 
pleural effusion and no miliary TB. 
The GDG also discussed that trial 
participants were unlikely to have drug-
resistant (DR) TB. Known contact with an 
adult source case with drug-resistant TB 
(including mono-resistant TB) or known 
drug resistance in the child were exclusion 
criteria for the trial. The panel highlighted 
that rapid molecular diagnostics have 
low sensitivity in children with non-severe 
TB and can therefore not be definitively 
used to rule out TB. Most children with 
non-severe TB in the trial were therefore 
clinically diagnosed. The GDG emphasized 
that children with TB who are not 
responding to first-line anti-TB treatment 
should be evaluated for DR-TB.
The GDG judged that while the desirable 
effects are related to treatment outcomes, 
shortening the duration of treatment 
is also important and desirable (as 
reducing the length of treatment could 
make treatment easier for children and 
caregivers as well as reduce cost for 
families and the health system). 
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Outcomes
Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI) Certainty 
of the 

evidence 
(GRADE)

What happens
Without a 4-month 
treatment regimen

With a 4-month 
treatment regimen

Difference

Relapse assessed with: 
mITT
follow up: mean 
72 weeks
№ of participants: 1145
(1 RCT)g

RR 1.50 
(0.43 to 5.30)

Study population  
MODERATEf

A 4-month treatment regimen 
probably results in little to no 
difference in relapse. 3 more per 
1,000 (from 4 fewer to 30 more) 

0.7% 1.0%
(0.3 to 3.7)

0.3% more
(0.4 fewer to 

3 more)

Treatment adherence 
assessed with: ITT
follow up: mean 
72 weeks
№ of participants: 1204
(1 RCT)h

RR 1.02 
(0.99 to 1.05)

Study population  
MODERATEi

A 4-month treatment regimen 
probably results in little to 
no difference in treatment 
adherence. 19 more per 1,000 
(from 9 fewer to 47 more) 93.2% 95.1%

(92.3 to 97.8)
1.9% more
(0.9 fewer to 

4.7 more)

All-cause death reports deaths after 16 weeks of treatment in each group.
Not downgraded for indirectness. The trial population may be representative of TB patients seen in TB programmes in various countries globally. The 
trial enrolled 1204 children under 16 years of age from Uganda (n = 376), Zambia (n = 364), South Africa (n = 315), Pune (n = 86), Chennai (n = 63). 
These children were enrolled between July 2016 and July 2018; median age 3.5 years (range 2 months-15 years), 52% male, 11% HIV-infected, 14% 
bacteriologically-confirmed tuberculosis. 
Downgraded by one level for serious imprecision, low event rate and wide confidence interval. The absolute values may be within a reasonable decision 
threshold around the null value – indicating probably no difference between groups.
The outcome ‘treatment success’ in TB is usually defined as ‘cured and treatment completion’. This differs from the trial outcome ‘favourable’ which 
is defined as ‘clinically well and without retreatment or otherwise unfavourable outcome’. As bacteriological confirmation was not required for trial 
inclusion, the use of ‘clinically well’ may be a surrogate for cure (bacteriological clearance). 
Treatment failure is usually defined as a ‘patient whose treatment regimen needed to be terminated or permanently changed to a new regimen or 
treatment strategy’. In the trial the outcome ‘unfavourable’ is the composite endpoint of TB treatment failure, relapse (or re-infection) or death which is 
what is reported here.
Downgraded by one level for imprecision due to low number of events and very wide confidence interval.
Relapse includes recurrence or re-infection.
The definition of adequate treatment sets a limit for the amount of treatment missed. All children are required to have taken 80% of their allocated 
8 weeks intensive phase treatment within 70 days of starting treatment. For children allocated to a 6-month regimen, they must also have taken at least 
80% of their allocated 16 weeks treatment regimen for the continuation phase within 133 days of starting the continuation phase. For children allocated 
to a 4-month regimen, to meet the definition of adequate treatment they must also have taken at least 80% of their allocated 8 weeks treatment 
regimen for the continuation phase within 77 days of starting the continuation phase.
Downgraded by one level for imprecision due to very wide confidence interval around the absolute effects that may suggest different decisions at either 
end of the threshold.
Treatment duration is a critical desirable consequence that cannot be directly captured by the trial outcomes. The duration of treatment in the 
intervention arm was 16 weeks compared to the standard of care, which is 24 weeks. Duration is potentially represented by ‘loss to follow up’ or 
‘adherence’ (the latter is slightly increased in the intervention group) and covered by other criteria for consideration (e.g. acceptability). 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
○ Small
  Trivial
○ Varies
○ Don’t know

The undesirable effects included adverse events and loss to follow up. 

Outcomes
Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI) Certainty 
of the 

evidence 
(GRADE)

What happensWithout a 4-month 
treatment regimen

With a 4-month 
treatment regimen

Difference

Adverse events  
assessed with: ITT
follow up: mean 
72 weeks
№ of participants: 1204 
(1 RCT)a

RR 0.98 
(0.67 to 

1.44)

Study population  
MODERATEb

A 4-month treatment regimen 
probably results in little to no 
difference in adverse events. 2 
fewer per 1,000 (from 26 fewer to 
35 more) 

8.0% 7.8%
(5.3 to 11.5)

0.2% fewer
(2.6 fewer to 

3.5 more)

Loss to follow up 
assessed with: ITT
follow up: mean 
72 weeks
№ of participants: 1204
(1 RCT)

RR 1.00 
(0.44 to 

2.29)

Study population  
MODERATEc

A 4-month treatment regimen 
probably results in little to no 
difference in loss to follow up. 0 
fewer per 1,000 (from 10 fewer to 
24 more) 1.8% 1.8%

(0.8 to 4.2)
0.0% fewer
(1 fewer to 
2.4 more)

Adverse events include patients with at least one Grade 3, 4 or 5 adverse event.
Downgraded by one level for serious imprecision, low event rate and wide confidence interval. The absolute values may be within a reasonable decision 
threshold around the null value – indicating probably no difference between groups.
Downgraded by one level for imprecision due to low number of events and very wide confidence interval.

The GDG discussed that since the 
SHINE trial was a non-inferiority trial, no 
difference in unfavourable outcomes 
between the two arms is what the trial 
aimed for. Therefore, both desirable and 
undesirable effects were judged by most 
GDG members as trivial.

Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Very low
○ Low
  Moderate
○ High
○ No included 

studies

Overall, the certainty of the evidence is moderate.
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There was no direct evidence from the SHINE trial about how much patients valued the outcomes. Although there was no direct evidence 
on how much the population (children 
and their caregivers) value the outcomes 
for 4 months treatment versus 6 months 
treatment (mortality, adverse events etc.), 
the majority of the GDG judged that there 
is probably no important uncertainty or 
variability about this. 

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

  Does not favor 
either the 
intervention or 
the comparison

○ Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ Don’t know

The GDG determined that, the balance of effects does not favour either the intervention or the comparison. The GDG discussed that the balance of 
effects is focusing on efficacy and safety of 
the 4-month versus the 6-month regimen. 
Since non-inferiority of the 4-month 
regimen was demonstrated in the trial, 
the balance of effects was judged to not 
favour either the shorter or the longer 
duration of treatment. However, the GDG 
noted that treatment duration is a critical 
issue which is considered under contextual 
factors such as cost, acceptability and 
feasibility.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs 

and savings
  Moderate 

savings
○ Large savings
○ Varies
○ Don’t know

The SHINE trial included a cost effectiveness study, in which detailed costs were collected on the cost of diagnostic and laboratory tests, medicines and 
health service use. Healthcare costs were reduced by $17.34 (95% CI $3.77 to $30.91, 2019 USD) when comparing the 4-month regimen to the 6 month 
one. However, patient costs were not determined by study investigators. As the intervention regimen is two months shorter than the control regimen, 
patient costs may be lower. 
Among 14 countries that reported disaggregated data to WHO in 2020, the pooled average of TB affected households experiencing catastrophic costs 
was 44% (95% CI: 31–58%) for drug-susceptible TB and the End TB Strategy target is 0%. 
Two separate analyses of the socio-economic impact of TB care on children, adolescents, families and households were undertaken. One was a study 
that pooled the results from national TB patient cost studies. This study found that if the TB patient was a child or an adolescent the proportion of 
households who experienced catastrophic costs was lower when compared to households where the adult was the index patient: 41.8% (95% confidence 
interval (CI): 22.9 – 60.8%) for a child, 45.3% (95% CI: 30.2 – 60.4%) for an adolescent and 56.2%, (95% CI: 44.4 – 68.1%) for an adult. However, the 
proportion of households with catastrophic costs was still way above the target of 0%. 
The second study was a literature review of the socioeconomic impact of TB on children, adolescents and families. This study found that the cost of 
transport to hospital was sometimes raised as a barrier to a child completing treatment. Loss of income and loss of employment for the family were also 
noted. 

The GDG discussed how the trial 
evaluated the cost related to the health 
care system. In the trial, the difference in 
health care costs in the 4-month versus 
the 6-month arm was mainly related to 
reduced costs of medication, health care 
visits, and hospitalization. Cost related to 
diagnostic tests and laboratory services 
was also reduced, but to a lesser extent. 
It was judged important to also consider 
societal costs including direct and indirect 
patient costs, for example related to 
transport and loss of family income 
(opportunity cost). Such costs may vary 
across settings and further research to 
determine them would be useful. 
The GDG discussed that presumably, a 
shorter duration of treatment will reduce 
costs to both the health care system and 
the patient/family. The GDG ultimately 
agreed on ‘moderate savings’ despite 
varying views on the level of savings that 
could be incurred.
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

○ Probably favors 
the intervention

  Favors the 
intervention

○ Varies
○ Don’t know

The SHINE trial health economics analysis investigated the value of the shortened regimen in terms of healthcare cost savings and health outcomes 
(measured by quality-adjusted life years). Regression analysis was used to control for chance differences in demographic characteristics and symptom 
severity between the children in each treatment arm.
Costs were estimated from a health sector perspective and QALYs were estimated by combing health-related quality of life scores, estimated using the 
EQ-5D, and survival. Costs and outcomes were discounted at 3% per annum. 
The cost effectiveness analysis showed that at 72 weeks, children treated for 16 weeks had both improved health (0.003 QALYs – 95% CI 
-0.009 to 0.0144) and reduced healthcare costs ($17.34 – 95% CI $3.77 to $30.91, 2019 USD) compared with those treated in the 24-week arm. 
A regression analysis controlling for chance differences in demographic characteristics and symptom severity estimated that quality-adjusted life years 
were improved by 0.003 (95% CI -0.009 to 0.0144) and healthcare costs reduced by $17.34 (95% CI $3.77 to $30.91, 2019 USD) (Turkova A et al., 2021).
These results indicate that for every 1000 children treated with the shortened regimen, cost savings of up to $17,000 could be achieved. These could in 
turn be used to improve the implementation of the shortened regimen, such as the provision of diagnostics to identify children with mild TB.

All costs included (scenario analysis) 

Predicted outcomes mITT (base case) ITT Pre protocol 

Costs - 6 mo 396.14 (7.66) 393.81 (7.87) 395.13 (7.58) 

Costs - 4 mo 395.85 (7.74) 395.3 (7.78) 393.97 (7.36) 

Life years - 6 mo 1.358 (0.004) 1.347 (0.006) 1.357 (0.004) 

Life years - 4 mo 1.353 (0.004) 1.342 (0.006) 1.353 (0.004) 

QALYs - 6 mo 1.364 (0.004) 1.354 (0.006) 1.364 (0.004) 

QALYs - 4 mo 1.356 (0.004) 1.347 (0.006) 1.356 (0.004) 

Incremental outcomes

Costs -0.3 (10.68) 1.49 (10.78) -1.16 (10.5) 

Life years 0.006 (0.006) 0.007 (0.009) 0.007 (0.006) 

QALYs 0.003 (0.006) 0.004 (0.009) 0.003 (0.006) 

Cost-effectiveness outcomes

Cost-per-QALY Dominant 342 Dominant 

The majority of the GDG felt that the data 
on cost-effectiveness favoured the shorter 
treatment duration. 
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

A reduced duration of treatment is an equity consideration as a shorter duration of treatment may allow patients (and caregivers) to return to their 
normal lives sooner and it may have impacts on overall quality of life, including access to education, schooling and patient related costs – this may 
increase equity. As well it may allow more children to access treatment after diagnosis. Availability of CXR and other diagnostic services may also be 
an equity consideration; if these are not available, equity may be reduced but the same logic applies to the 6-month regimen. It can be assumed that 
access to the medicines for the intervention regimen is the same. Child-friendly fixed dose combination tablets (FDCs) are available through the Stop TB 
Partnership’s Global TB Drug Facility in over 90 countries. 

The GDG noted that approximately 40% 
of the children in the SHINE trial were 
clinically diagnosed, this was related 
to limited test accuracy, difficulty with 
collecting sputum and other specimens, 
and the fact that young children have 
paucibacillary disease. It was noted 
that the proportion of children who 
are clinically diagnosed may be as 
high as 90% in programmatic settings, 
where access to chest radiography and 
diagnostic tests may be insufficient. 
Interpretation of chest X-rays in children 
can also be challenging. 
It was noted that the SHINE trial was set 
up in a very pragmatic way, reflecting the 
everyday reality in many settings. One 
fifth of the children were later judged 
not to have TB but this was thought to 
also reflect the programmatic reality, 
where some level of over-diagnosis 
may occur and which may be hard to 
avoid. Restricting eligibility for shorter 
treatment to children with bacteriological 
confirmation would limit the number of 
children with TB being diagnosed and 
treated. Limiting eligibility would affect 
equity in a negative way.
The GDG judged that equity was probably 
increased with the shorter treatment 
duration. 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

There was no direct evidence from the SHINE trial about acceptability of a shorter treatment duration compared to the standard 6-month regimen. 
However, a qualitative sub-study in the SHINE trial was conducted on acceptability of the child-friendly (dispersible, fruit-flavoured) fixed dose 
combination (FDC). The sub-study found that the FDC was acceptable. The FDC and the possibility of a shorter regimen was welcomed by caregivers 
who participated in the trial. Administering TB treatment to younger children was found to be more difficult than to older children. Among the few 
caregivers and patients who initially reported challenges with administration and lower levels of acceptability, almost all reported improved acceptability 
over time. There were no observed differences in acceptability by study arm (4 versus 6 months). Some practical challenges to TB treatment for children, 
often in difficult social contexts, remain, therefore the authors concluded that making improvements to regimens and formulations continues to be 
important. Overall, the FDC was also reported to be palatable (5).
A separate literature review on the socio-economic impact of TB care on children, adolescents and families noted that a TB diagnosis during childhood 
or adolescence (whether as a patient or as a household member of a TB-patient) appears to translate into significant socio-economic impacts. A 
shortened duration of treatment may be acceptable as these socio-economic impacts may be lessened. 
Financial impact: The evidence suggests that the same pathways and issues, known for adult TB-patients, operate at the household level when a child is 
affected by TB (i.e. income loss, unemployment, increased expenditure and mainly for food). 
Educational impact: A specific impact on children is the discontinuation of school during treatment, or because of reduced financial status in the 
household. 
Psychosocial impacts of TB disease: Stigma and discrimination are prevalent, the disease influences household dynamics, parenting and caregiving; and 
children may be separated from their caregivers due to TB. 

Although there was no direct evidence 
on acceptability, the GDG judged that 
the shorter regimen was acceptable to 
stakeholders.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

Shorter treatment is presumably feasible to implement at patient and caregiver levels as the 6-month regimen is currently being implemented and has 
been implemented for many years. The acceptability sub-study conducted as part of the SHINE trial also yielded some results on feasibility. For example, 
the study found that administering TB treatment to younger children was found to be more difficult than to older children. However, the duration of the 
intervention is 8 weeks shorter than the current standard of care, which may mean that it is more feasible to implement, even when some challenges in 
administering treatment to younger children are reported. 

In terms of feasibility, the GDG noted that 
it is important to be able to differentiate 
severe from non-severe disease to make 
a decision on the appropriate duration 
of treatment. The trial used smear 
microscopy and chest radiography to 
determine severity of disease. Currently, 
Xpert MTB/RIF or Ultra should be used as 
the initial bacteriological test to diagnose 
TB in children. 
The trial defined non-severe peripheral 
lymph node TB or respiratory TB as 
confined to one lobe; no cavities; 
no significant airway obstruction; no 
complicated pleural effusion; no miliary 
TB. The WHO definition of extensive 
disease is: presence of bilateral cavitary 
disease or extensive parenchymal damage 
on chest radiography. In children aged 
under 15 years, advanced disease is 
usually defined by the presence of cavities 
or bilateral disease on chest radiography.
The GDG felt that, in the absence of 
exposure to DR-TB, access to chest 
radiography would help distinguish 
between non-severe and severe disease. 
However the panel recognized that access 
to chest radiography is often limited or 
the quality of chest radiography and the 
capacity for it’s interpretation is insufficient 
at lower levels of the health care system. 
Therefore, feasibility was judged to vary 
by setting.
The GDG noted as critically important 
for the Operational Handbook to clearly 
define “non-severe or minimal disease” 
and that National TB Programmes are 
encouraged to scale up access to quality 
chest radiography and train health care 
providers in interpretation. 
Overall, the GDG judged that if the 
severity of TB disease in children 
can be adequately determined, then 
implementation of a 4-month regimen is 
highly feasible.
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SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either 
the intervention or the 

comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○ ○  

CONCLUSIONS

Recommendation
In children and adolescents between 3 months and 16 years of age with non-severe TB (without suspicion or evidence of MDR/RR-TB), a 4-month treatment regimen (2HRZ(E)/2HR) should be used.
(Strong recommendation, moderate certainty of evidence)

Remarks:
Non-severe TB is defined as: Peripheral lymph node TB; intrathoracic lymph node TB without airway obstruction; uncomplicated TB pleural effusion or paucibacillary and non-cavitary disease confined to one lobe of the 
lungs, or without a miliary pattern
Children and adolescents who do not meet the criteria for non-severe TB should receive the standard 6-month treatment regimen (2HRZE/4HR), or recommended treatment regimens for severe forms of 
extrapulmonary TB.
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Justification
A total of 1204 children were enrolled in the trial between July 2016 and July 2018. The median age of enrolled children was 3.5 years (range 2 months-15 years), 52% were male, 11% had HIV-infection, and 14% 
had bacteriologically-confirmed TB. Retention in the trial by 72 weeks and adherence* to allocated TB treatment were 95% and 94%, respectively. Sixteen (2.8%) versus 18 (3.1%) children reached the primary efficacy 
outcome (treatment failure) in the 16- versus 24-week arms respectively, with an unadjusted difference of -0.3% (95% CI: -2.3, 1.6). Treatment success was reported in 97.1% of participants receiving the 16 week regimen 
versus 96.9% of those who received the 24 week regimen (relative risk (RR): 1.00, 95% CI: 0.98–1.02). Non-inferiority of the 16-week regimen was consistent across all intention-to-treat, per-protocol and key secondary 
analyses. This included restricting the analysis to the 958 (80%) children that were independently adjudicated to have TB at baseline by the trial Endpoint Review Committee. A total of 7.8% of children experienced a 
grade 3–5 adverse event in the 16 week arm, versus 8.0% in the 24 week arm (RR: 0.98, 95% CI: 0.67–1.44). A total of 95 (8%) children experienced grade 3–5 adverse events, including 17 adverse reactions (11 hepatic, 
all except three occurred within first 8 weeks, when treatment arms were the same).
The GDG judged that while the desirable effects related to this PICO question are related to treatment outcomes, shortening the duration of treatment is also important and desirable (as reducing the length of 
treatment could make treatment easier for children and caregivers as well as reduce cost for families and the health system). The GDG discussed that since the SHINE trial was a non-inferiority trial, no difference in 
unfavourable outcomes between the two arms is what the trial aimed for. Therefore, both desirable and undesirable effects were judged by most GDG members as trivial. Since non-inferiority of the 4-month regimen 
was demonstrated in the trial, the balance of effects was judged to not favour either the shorter or the longer duration of treatment. However, the GDG noted that treatment duration is a critical issue which was further 
considered in the context of issues such as cost, acceptability and feasibility.
The GDG also discussed that presumably, a shorter duration of treatment will reduce costs to both the health care system but also to patients and families. The GDG ultimately agreed on ‘moderate savings’ despite 
varying views of the level of these savings. The GDG judged that equity was probably increased with a shorter duration of treatment. Although there was no direct evidence on acceptability, the GDG judged that the 
shorter regimen was acceptable to stakeholders. 
In addition, the GDG felt that, in the absence of exposure to DR-TB, access to chest radiography would help distinguish between non-severe and severe disease. However the panel recognized that access to chest 
radiography is often limited or quality of chest radiography and capacity for interpretation insufficient at lower levels of the health care system. Therefore, feasibility was judged to vary by setting. The GDG noted that it 
is critically important to clearly define “non-severe or minimal disease” and that National TB Programmes are encouraged to scale up access to quality chest radiography and train health care providers in interpretation. 
Overall, the GDG judged that if the severity of TB disease in children can be adequately determined, then implementation of a 4-month regimen is highly feasible.
* In the SHINE trial, adherence was defined as the proportion of children who received an adequate amount of treatment (as defined in the statistical analysis plan for both the intervention and control regimens; 
generally a cut off of 80% of the allocated doses was used, within a certain timeframe of starting each phase of treatment (i.e. intensive phase versus continuation phase).

Subgroup considerations
Children with peripheral lymph node TB: Although the numbers of children in the sub-group of children with peripheral lymph node TB in the SHINE trial were small (N=19 in the 4-month arm and N=21 in the 
6-month arm), there was no difference in the proportion of unfavourable outcomes between the two arms and non-inferiority was consistent across all sub-groups. The SHINE trial also found that 4 months of treatment 
was non-inferior compared to 6 months of treatment in children with both peripheral lymph nodes and pulmonary disease (N=182 in the 4-months arm and N=171 in the 6-months arm). These results may provide 
reassurance for clinicians regarding a seemingly delayed clinical response to TB treatment, frequently seen in children with peripheral lymph node TB (where lymph nodes remain enlarged even after treatment).
Children living with HIV infection (CLHIV): Children and young adolescents living with HIV were included in the SHINE trial, 65 (11%) in the 4-month arm and 62 (10%) in the 6-month arm. 49% of CLHIV in the 
4-month arm and 43% in the 6-month arm were on antiretroviral treatment (ART) at enrolment. 20% of CLHIV in both arms had a CD4 count of less than 200 cells per mm3. 51% of CLHIV in the 4-month arm and 63% 
in the 6-month arm were classified as severe as per the WHO immunological classification for established HIV infection (6). In this sub-group the 4-month regimen was non-inferior as compared to the 6-month regimen 
as well, although the 95% confidence interval for the difference from the control arm in the unfavourable rate was wide (risk difference -4.3, 95% CI -14.9 to 6.2). 
In view of the limited evidence, clinicians may consider treating CALHIV with non-severe TB for 4 months, depending on the degree of immunosuppression and ART status, as well as the presence of other opportunistic 
infections. These children and adolescents will need to be closely monitored, especially at 4 months of treatment, and treatment extended to 6 months if there is insufficient progress. 
Children with severe acute malnutrition (SAM): In the trial, SAM was defined as weight-for-height Z-score (WHZ) <−3 or MUAC <115 mm (World Health Organization, 2013). 30 children with SAM (5%) were 
included in the 4-month arm and 33 (5%) in the 6-month arm. No separate sub-group analysis was conducted for children with SAM. 
In view of the insufficient evidence on this subgroup, children with SAM and non-severe TB should preferably receive 6 months of anti-TB treatment. 
Infants below three months of age and or weighing < 3kg: Infants below three months of age and infants weighing less than 3 kg (including premature birth (<37 weeks) were not eligible for inclusion in the 
SHINE trial. Infants aged 0–3 months with suspected or confirmed pulmonary TB or tuberculous peripheral lymphadenitis should be promptly treated with the 6-month treatment regimen (2HRZ(E)/4HR). Treatment may 
require dose adjustment to reconcile the effect of age and possible toxicity in young infants. The decision to adjust doses should be taken by a clinician experienced in managing paediatric TB. (Strong recommendation, 
low certainty of evidence)
Children treated for TB in the past 2 years: These children were not eligible for inclusion in the SHINE trial and should be treated with the 6-month treatment regimen (2HRZ(E)/4HR).
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Implementation considerations
The feasibility of assessing the severity of TB disease under programmatic circumstances, in particular in settings without access to chest radiography or interpretation capacity and to diagnostic tests was identified as a 
major implementation consideration. Chest radiography was identified as a critical tool to evaluate the severity of intrathoracic disease, considering the definition of non-severe disease used in the SHINE trial, which for 
intrathoracic or pulmonary disease was based on the presence of intrathoracic lymph node TB without airway obstruction; uncomplicated TB pleural effusion or paucibacillary and non-cavitary disease confined to one 
lobe of the lungs, or without a miliary pattern. National TB Programmes are encouraged to scale up access to quality chest radiography and provide capacity building to health care providers in interpretation. Scaling 
up access to chest radiography would not only help clinicians understand the extent of disease in the lungs but it may also serve to assist with follow up during TB treatment, as well as differential diagnosis, if needed. 
Charging fees for chest radiography poses a potential barrier to the diagnosis of TB and access to the shorter regimen for eligible children and young adolescents. 
Detailed implementation guidance will be provided in the Operational handbook on the management of tuberculosis in children and adolescents, taking into consideration differences in the health care system and 
country context, including the availability of diagnostic tools to make a diagnosis and to assess disease severity. Implementation guidance includes criteria for assessing disease severity, including clinical criteria in 
the absence of chest radiography or rapid diagnostics or other bacteriological tests, to determine eligibility for the shorter treatment regimen and the definition of non-severe TB in programmatic settings. It also 
includes criteria for extending treatment beyond 6 months in case of insufficient clinical progress in children and young adolescents with non-severe TB. In determining eligibility for the shorter treatment regimen, the 
background prevalence of DR-TB is an important factor to be taken into account. 
An additional implementation consideration discussed by the GDG is the concept that a continuum exists between TB infection, non-severe and more severe forms of TB disease in children. Shorter treatment regimens 
for drug susceptible TB are now very similar to recently recommended shorter regimens for the treatment of TB infection (in terms of duration and composition, in particular the regimen consisting of 3 months of daily 
rifampicin and isoniazid (3HR). This implies that incorrectly diagnosing a child who has TB infection as having non-severe TB disease may not have severe consequences. 
Programmatic implementation considerations include scaling up active contact investigation approaches, which can dramatically improve early case detection of children with non-severe disease who can benefit from 
a 4-month regimen. National TB and child health programmes are encouraged to prioritize the use of child-friendly fixed dose combination (FDC) formulations for TB treatment in children up to 25 kg body weight, e.g. 
the 3-FDC HRZ 50/75/150mg, with or without the addition of dispersible ethambutol and the 2-FDC HR 50/75mg (available from the Stop TB Partnership’s Global Drug Facility). Capacity building of healthcare workers at 
all levels of the health system on diagnostic approaches (including the use of treatment decision algorithms), eligibility for the 4-month regimen and monitoring of children on first-line TB treatment will be a critical factor 
in successful implementation of the shorter regimen. 

Monitoring and evaluation
The clinical monitoring requirements for the shorter regimen remain the same as for the 6-month regimen. Treatment outcomes are determined at the end of the 4-month regimen and the definition of successful 
treatment completion takes into account the reduced expected number of doses in the shorter regimen.
Monitoring for potential relapse is a priority for shorter regimens especially when they are introduced into programmatic settings. Therefore, follow-up of children and young adolescents after completion of the 4-month 
regimen is important.

Research priorities
The following topics were identified as research priorities related to treatment shortening in children and young adolescents: 
Stronger evidence on the feasibility of making a diagnosis of non-severe drug-susceptible TB in children and adolescents in settings where there is no access to diagnostic tools, in particular to chest radiography
Evaluation of societal costs, including direct and indirect patient costs, in implementation of shorter treatment regimens for drug-susceptible TB (including, but not limited to transport costs and loss of family income)
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Table 4a. Should an all-oral regimen containing bedaquiline vs. other WHO regimens 
without bedaquiline be used for MDR/RR-TB patients aged below 6 years?

POPULATION: MDR/RR-TB patients aged below 6 years 

INTERVENTION: An all-oral regimen containing bedaquiline

COMPARISON: Other WHO regimens without bedaquiline 

MAIN OUTCOMES: Death; Treatment completion; Cure; Treatment success; Relapse; Treatment failure; Loss to follow up; Treatment adherence; Adverse events;

SETTING: Global

PERSPECTIVE: Clinical and public health perspectives 

BACKGROUND:

Current recommendations on the treatment of drug-resistant TB (based on guidelines published by WHO in 2020) include the use of bedaquiline in children aged 6 years and 
above as part of shorter and longer treatment regimens. Delamanid can be used as part of longer regimens for children aged 3 years and above. A recommendation on the use 
of bedaquiline in children aged less than 6 years has not been possible in the past, due to a lack of evidence, particularly on pharmaco-kinetics, safety and tolerability. The shorter 
all-oral bedaquiline-containing regimen may be used in children aged 6 years and above (conditional recommendation, very low certainty in the evidence), even though data on 
its use in children and adolescents reviewed for the previous analysis were sparse. Apart from bedaquiline, the medicines that compose the shorter all-oral bedaquiline-containing 
regimen have been part of MDR-TB regimens for many years, in similar combinations, for both adults and children. The associated adverse drug reactions have been widely 
described and the drug dosages established. Bedaquiline is also a Group A drug for use in longer regimens, when these are indicated. Child-friendly (i.e. dispersible and palatable) 
formulations of the medications should be used whenever possible. Bedaquiline tablets (100mg) suspended in water have been shown to have the same bioavailability as tablets 
swallowed whole and can therefore be used to treat drug-resistant TB in children, although a child-friendly formulation of bedaquiline (20mg) has recently become available as well. 
In the individual patient data meta-analysis used as evidence for the 2020 WHO guidelines, bedaquiline use resulted in significantly fewer episodes of treatment failure, relapse 
and death. To date, there has been limited experience with the use of bedaquiline in children aged under 6 years, but growing experience of its use in adolescents, patients with 
extrapulmonary TB disease and HIV-infected patients. This PICO question addresses the use of bedaquiline in children aged below 6 years, to possibly expand the age indication 
on its use.
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ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally in 2019, an estimated 3.3% (95% confidence interval [CI]: 2.3–4.3%) of new cases and 18% (95% CI: 9.7–27%) of previously treated cases had 
MDR/RR-TB. Overall, there were an estimated 465 000 (range, 400 000–535 000) incident cases of MDR/RR-TB in 2019 and the global proportion of 
RR-TB cases estimated to have MDR-TB was 78%. The number of people enrolled in second-line treatment globally was 177 099 in 2019, equivalent to 
86% of the 206 030 people reported to have been diagnosed with MDR/RR-TB in 2019, but only 38% of the estimated 465 000. The overall treatment 
success rate for MDR/RR-TB was 57% for the 2017 cohort (1). 
Between 25 000 and 32 000 children are estimated to develop MDR/RR-TB every year (2–4). In 2018, 3 398 children (aged below 15 years) were started 
on second-line treatment for MDR/RR-TB. This number increased to 5 586 in 2019, but this only represents 3.2% of the total number of patients with 
MDR/RR-TB initiated on treatment (1). Treatment outcomes reported in a systematic review and individual patient data meta-analysis conducted for the 
2018 WHO drug-resistant TB treatment guidelines, showed an overall successful treatment outcome of 78% in children treated for MDR-TB (75% of 
confirmed and 89% of clinically diagnosed children) (5).
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
  Moderate
○ Large
○ Varies
○ Don’t know

Desirable effects include cure, treatment success and treatment adherence. 
Previous recommendations on the use of bedaquiline in children were based on extrapolation of adult efficacy data and additional PK and safety data 
from studies conducted among children
The evidence profile included below is replicated from the 2019 WHO DR-TB guidelines (6):

Outcomes With no 
bedaquiline

With 
bedaquiline Difference Relative effect 

(95% CI)

Treatment failure/relapse vs treatment success – Strain 
susceptible to Bedaquiline

13 per 100 4 per 100 
(3 to 5)

9 fewer per 100 
(10 fewer to 8 fewer)

aOR 0.3 
(0.2 to 0.4)

Death vs treatment success – Strain susceptible to 
Bedaquiline

23 per 100 5 per 100 
(5 to 7)

18 fewer per 100 
(18 fewer to 16 fewer)

aOR 0.2 
(0.2 to 0.3)

RCT, TMC207-C208 – Treatment failure/relapse vs treatment 
success

49 per 100 5 per 100 
(0 to 20)

44 fewer per 100 
(49 fewer to 29 fewer)

aOR 0.1 
(0.0 to 0.4)

RCT, TMC207-C208 – Death vs treatment success 9 per 100 43 per 100 
(5 to 365)

35 more per 100 
(3 fewer to 357 more)

aOR 5.0 
(0.6 to 42.0)

Sensitivity Analysis – Case-control study using South Africa 
data only – Treatment failure/relapse vs treatment success – 
Restricted to strains susceptible to Bedaquiline

23 per 100 7 per 100 
(5 to 9)

16 fewer per 100 
(19 fewer to 14 fewer)

aOR 0.3 
(0.2 to 0.4)

Sensitivity Analysis – Case-control study using South Africa 
data only – Death vs treatment success – Restricted to 
strains susceptible to Bedaquiline

43 per 100 13 per 100 
(9 to 17)

30 fewer per 100 
(35 fewer to 26 fewer)

aOR 0.3 
(0.2 to 0.4)

Sensitivity Analysis – Patients with XDR (No restriction on 
number of effective drugs) – Treatment failure/relapse vs 
treatment success

35 per 100 7 per 100 
(4 to 11)

28 fewer per 100 
(32 fewer to 25 fewer)

aOR 0.2 
(0.1 to 0.3)

Sensitivity Analysis – Patients with XDR (No restriction on 
number of effective drugs) – Death vs treatment success

57 per 100 6 per 100 
(6 to 11)

52 fewer per 100 
(52 fewer to 46 fewer)

aOR 0.1 
(0.1 to 0.2)

Sensitivity Analysis – Excluding patients who received other 
new drugs (Lzd, CFZ or Carbapenems), no restriction on 
number of effective drugs – Treatment failure/relapse vs 
treatment success

15 per 100 4 per 100 
(3 to 7)

10 fewer per 100 
(12 fewer to 7 fewer)

aOR 0.3 
(0.2 to 0.5)

Sensitivity Analysis – Excluding patients who received other 
new drugs (Lzd, CFZ or Carbapenems), no restriction on 
number of effective drugs – Death vs treatment success

24 per 100 7 per 100 
(5 to 10)

17 fewer per 100 
(19 fewer to 14 fewer)

aOR 0.3 
(0.2 to 0.4)

Adverse events (drug stopped permanently) 0 per 100 0 per 100 
(0 to 0)

0 fewer per 100 
(0 fewer to 0 fewer)

not estimable

QTc prolongation (assessed with IMPAACT P1108: added 
June 2021)

In children aged under 6 years of age (i.e. from the IMPAACT P1108 study) no children 
had QT prolongation in any of the categories of 60 milliseconds and above. Three 
children (of 11; 27%) experienced QT prolongation between 30–60 milliseconds. This 
was described as mild and insignificant. 

The GDG discussed the desirable effects 
that have been reported previously 
(outlined in the table under research 
evidence) and noted that including 
bedaquiline in all-oral regimens for 
children will allow the construction of 
regimens that are more child- and family-
friendly, with shorter durations (as shown 
by the IPD analysis, where bedaquiline-
containing regimens are usually shorter 
than those not including bedaquiline). 
The GDG rated the desirable effects as 
moderate.
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Additional data from the paediatric DR-TB IPD (2021) for children aged under 6 years (off-label use under programmatic conditions in 40 children aged 
under 6 years) is provided below:

Outcomes
With an all oral WHO 

regimens without 
bedaquiline 

With an all-oral 
regimen containing 

bedaquiline
Difference Relative effect 

(95% CI)

Treatment success 974 per 1,000 972 per 1,000 
(771 to 997)

2 fewer per 1,000 
(203 fewer to 24 more)

OR 0.94 
(0.09 to 10.30)

Treatment completion/cure 841 per 1,000 480 per 1,000 
(227 to 984)

362 fewer per 1,000 
(614 fewer to 143 more)

RR 0.57 
(0.27 to 1.17)

Cure 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable

Treatment adherence 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 54

Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
  Small
○ Trivial
○ Varies
○ Don’t know

Undesirable effects include death, treatment failure, loss to follow-up, relapse, serious adverse events. See evidence profiles under desirable effects.
The evidence profile included below is replicated from the 2019 WHO DR-TB guidelines (6):

Outcomes With no 
bedaquiline

With 
bedaquiline Difference Relative effect 

(95% CI)

Treatment failure/relapse vs treatment success – Strain 
susceptible to Bedaquiline

13 per 100 4 per 100 
(3 to 5)

9 fewer per 100 
(10 fewer to 8 fewer)

aOR 0.3 
(0.2 to 0.4)

Death vs treatment success – Strain susceptible to 
Bedaquiline

23 per 100 5 per 100 
(5 to 7)

18 fewer per 100 
(18 fewer to 16 fewer)

aOR 0.2 
(0.2 to 0.3)

RCT, TMC207-C208 – Treatment failure/relapse vs treatment 
success

49 per 100 5 per 100 
(0 to 20)

44 fewer per 100 
(49 fewer to 29 fewer)

aOR 0.1 
(0.0 to 0.4)

RCT, TMC207-C208 – Death vs treatment success 9 per 100 43 per 100 
(5 to 365)

35 more per 100 
(3 fewer to 357 more)

aOR 5.0 
(0.6 to 42.0)

Sensitivity Analysis – Case-control study using South Africa 
data only – Treatment failure/relapse vs treatment success – 
Restricted to strains susceptible to Bedaquiline

23 per 100 7 per 100 
(5 to 9)

16 fewer per 100 
(19 fewer to 14 fewer)

aOR 0.3 
(0.2 to 0.4)

Sensitivity Analysis – Case-control study using South Africa 
data only – Death vs treatment success – Restricted to 
strains susceptible to Bedaquiline

43 per 100 13 per 100 
(9 to 17)

30 fewer per 100 
(35 fewer to 26 fewer)

aOR 0.3 
(0.2 to 0.4)

Sensitivity Analysis – Patients with XDR (No restriction on 
number of effective drugs) – Treatment failure/relapse vs 
treatment success

35 per 100 7 per 100 
(4 to 11)

28 fewer per 100 
(32 fewer to 25 fewer)

aOR 0.2 
(0.1 to 0.3)

Sensitivity Analysis – Patients with XDR (No restriction on 
number of effective drugs) – Death vs treatment success

57 per 100 6 per 100 
(6 to 11)

52 fewer per 100 
(52 fewer to 46 fewer)

aOR 0.1 
(0.1 to 0.2)

Sensitivity Analysis – Excluding patients who received other 
new drugs (Lzd, CFZ or Carbapenems), no restriction on 
number of effective drugs – Treatment failure/relapse vs 
treatment success

15 per 100 4 per 100 
(3 to 7)

10 fewer per 100 
(12 fewer to 7 fewer)

aOR 0.3 
(0.2 to 0.5)

Sensitivity Analysis – Excluding patients who received other 
new drugs (Lzd, CFZ or Carbapenems), no restriction on 
number of effective drugs – Death vs treatment success

24 per 100 7 per 100 
(5 to 10)

17 fewer per 100 
(19 fewer to 14 fewer)

aOR 0.3 
(0.2 to 0.4)

Adverse events (drug stopped permanently) 0 per 100 0 per 100 
(0 to 0)

0 fewer per 100 
(0 fewer to 0 fewer)

not estimable

QTc prolongation (assessed with IMPAACT P1108: added 
June 2021)

In children aged under 6 years of age (i.e. from the IMPAACT P1108 study) no children 
had QT prolongation in any of the categories of 60 milliseconds and above. Three 
children (of 11; 27%) experienced QT prolongation between 30–60 milliseconds. This 
was described as mild and insignificant. 

The GDG discussed some of the 
properties of bedaquiline, including the 
fact that the drug has a long half-life. All 
studies that include bedaquiline have 
continued detecting bedaquiline levels 
long after bedaquiline was discontinued. 
It was also noted that after bedaquiline is 
discontinued, there is a clear decrease in 
QTc prolongation caused by bedaquiline.
The GDG noted that bedaquiline 
containing regimens will likely reduce the 
use of second-line drugs with potentially 
more severe adverse events than 
bedaquiline (including, but not limited to 
injectables). Some of these adverse events 
may also be difficult to assess in children 
(for example peripheral neuropathy in a 
young child). 
The GDG acknowledged that at the time 
of the GDG meeting, the safety review – 
including cardiac effects for the younger 
cohorts in study P1108 – were not yet 
complete, as not all children enrolled had 
completed the full bedaquiline course 
(24 weeks). However, it was confirmed 
by the study investigators that since 
the report to the Safety Monitoring 
Committee was shared by the sponsor 
to inform the GDG, no additional cardiac 
events have been reported. Long-term 
follow-up of children in the P1108 study is 
also incomplete (children are followed-up 
for 2 years after treatment completion). 
The main concern noted by the panel 
was the lack of data on long-term safety 
and adverse events. However, the GDG 
noted that there is quite a lot of clinical 
experience with using bedaquiline 
in young children and based on this 
experience, the drug is tolerated well and 
often better than in the adult population. 
Therefore, the GDG agreed that the 
undesirable effects were small.
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Additional data from the paediatric DR-TB IPD (2021) for children aged under 6 years (off-label use under programmatic conditions in 40 children aged 
under 6 years) is provided below:

Outcomes
With an all oral WHO 

regimens without 
bedaquiline 

With an all-oral regimen 
containing bedaquiline Difference Relative effect 

(95% CI)

Death 59 per 1,000 105 per 1,000 
(36 to 299)

46 more per 1,000 
(22 fewer to 240 more)

RR 1.78 
(0.62 to 5.09)

Treatment failure 6 per 1,000 12 per 1,000 
(1 to 202)

6 more per 1,000 
(5 fewer to 196 more)

RR 1.96 
(0.11 to 33.61)

Loss to follow up 94 per 1,000 160 per 1,000 
(67 to 386)

66 more per 1,000 
(27 fewer to 292 more)

RR 1.70 
(0.71 to 4.11)

Relapse 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable

Adverse events 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

The overall certainty of the evidence is very low. Regarding safety outcomes, the 
GDG noted the very low certainty of 
evidence, because of the trial design, 
the low number of events and the wide 
confidence intervals around the point 
estimates.
Regarding the efficacy outcomes, the 
panel noted that indirect data from 
adults (WHO 2019 guidelines) have 
moderate certainty of evidence. They 
discussed whether this can be applied to 
children (i.e., the degree of indirectness). 
The GDG judged the adult data not to 
be indirect enough to warrant rating 
down the certainty of evidence, also in 
line with regulatory authorities’ (EMA, 
USFDA) guidance. (http://www.fda.gov.
ezproxy.nihlibrary.nih.gov/downloads/
Drugs/; https://www.ema.europa.eu/
en/documents/scientific-guideline/
adopted-reflection-paper-use-
extrapolation-development-medicines-
paediatrics-revision-1_en.pdf ). The 
judgment was that there is no reason 
to expect worse outcomes in children 
compared to adults, but rather potentially, 
one can expect better outcomes, because 
of the paucibacillary nature of TB in 
children and the often milder forms of 
disease.
Given the rating of the certainty of the 
evidence on safety as very low, the 
certainty of the evidence for both efficacy 
and safety overall was rated by the GDG 
as very low.

https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on values. Despite the fact that there were no 
included studies, the GDG judged 
that there was probably no important 
uncertainty in how much key stakeholders 
value the main outcomes.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ Don’t know

Overall, the GDG determined that the balance between desirable and undesirable effects probably favours the use of bedaquiline in children aged 
below 6 years.

The GDG highlighted that the benefits 
may vary depending on specific contexts 
and population characteristics, for 
example by nutritional status.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs 

and savings
○ Moderate 

savings
○ Large savings
  Varies
○ Don’t know 

There were no included studies on the resources required. However, a separate qualitative study involving in depth-interviews of adolescent patients, 
guardians (of children and adolescents with DR-TB) and health care providers (7) described that caregivers mentioned expenses incurred in previous TB 
treatment episodes which led to significant financial loss to the families.
With regards to patient / household costs, among 14 countries that reported disaggregated data from national TB patient cost surveys, the pooled 
average of catastrophic costs for the household was 44% (95% CI: 31–58%) for drug-susceptible TB and 80% (95% CI: 70–90%) for drug-resistant TB (1).
Comparative costs for the individual drugs used in children (based on the latest GDF catalogue, child-friendly formulation if available) for a child 
weighing 15 kg for 1 month of treatment include (order as per WHO drug grouping): 

Medicine Dosage Formulation Number of 
units per month

Price per 
pack (USD)

Pack 
size

Price per 
unit (USD)

Total cost 
per month Remarks

Group A:

Levofloxacin 15-20mg/kg 100mg dt 90 12.41 100 0.124 11.17

Moxifloxacin 10-15mg/kg 100mg dt 60 19.90 100 0.199 11.94

Bedaquiline 20 mg (dt) 140 25.53 60 0.426 59.57 Intensive phase dose (first 2 weeks)

Bedaquiline 20mg (dt) 60 25.53 60 0.426 25.53 Maintenance dose (per month)

Bedaquiline * 100 mg 28 340.00 188 1.809 50.64 Intensive phase dose (first 2 weeks)

Bedaquiline * 100 mg 12 340.00 188 1.809 21.70 Maintenance dose (per month)

Linezolid 15mg/kg 600mg tab 30 38.91 100 0.389 11.67 Assuming left over fractions need to be discarded

Group B:

Clofazimine 2-5mg/kg 50mg cap 15 49.12 100 0.491 7.37

Cycloserine 15-20mg/kg 125mg minicaps 60 45.00 100 0.45 27.00

Group C:

Ethambutol 15-25mg/kg 100mg dt 90 25.00 100 0.25 22.50

Delamanid 50mg tab 60 1700.00 672 2.53 151.79 Needs to be discarded after splitting 

Delamanid 25mg dt 60 unknown unknown unknown unknown

Pyrazinamide 30-40mg/kg 150mg dt 90 14.94 100 0.149 13.45

Amikacin 15-20mg/kg 500mg/2 mL sol for inj 15 58.75 100 8.81

Ethionamide 15-20mg/kg 125mg dt 60 13.00 100 0.13 7.80

PAS (Na salt) 200-300mg/kg 4g sachet 30 33.00 25 1.32 39.60 in 2 divided doses

INH 15-20mg/kg 100mg dt 60 9.91 100 0.099 5.95

* GDF offers a discount of 20% on bedaquiline 100mg orders in 2021

ASSUMPTIONS:
Considering 1 month = 30 days (average)
When price ranges is provided, the lowest is considered for the calculation

Other costs to be considered include health system costs, cost related to the duration of regimens with bedaquiline versus other drugs, and patient-
related costs.

The GDG considered the fact that the 
cost of treatment regimens for children is 
usually higher than for adults, based on 
information provided by the Global Drug 
Facility (GDF). However, given the low 
number of children with DR-TB overall, 
these costs may be readily absorbed by 
national TB programmes and should not 
hinder implementation of regimens which 
use child-friendly TB drugs.
The panel agreed that the higher cost of 
bedaquiline should not be considered as 
a standalone factor, but rather it should 
be put into context and compared to 
situations where bedaquiline is not used, 
for example if injectables are part of the 
regimen, which incur costs related to their 
administration. 
The panel noted that considerations 
around costs when introducing 
bedaquiline include ECG availability and 
monitoring. The panel also noted the 
opportunity cost related to lack of access 
to bedaquiline and the need to administer 
injectable agents with long-lasting side 
effects and potential implications for child 
development, such as hearing loss.
The panel also noted that savings related 
to a shorter duration of treatment (i.e. 
less travel, reduced time spent in clinics) 
should be taken into account and 
outweigh the higher cost of bedaquiline 
compared to other drugs.
It was also noted that for any changes 
in policy, there is need for staff capacity 
building to adapt the recommendations 
to the local context. Therefore, additional 
cost considerations should include staff 
training, supervision, mentoring and 
monitoring. The cost thereof varies 
depending on the country. Countries with 
a high burden of MDR-TB might be better 
prepared to implement a new drug or 
regimen, while more resources may be 
needed for other countries.
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ No included 

studies

There were no included studies on cost-effectiveness. Although no studies were available, 
the GDG judged the longer-term cost-
effectiveness to vary, depending on 
the context, as well as the strategy for 
implementing bedaquiline in each country 
or setting. However, overall they agreed 
that the cost effectiveness probably 
favours the intervention.
The GDG noted the availability of 
studies on cost-effectiveness for the 
use of bedaquiline versus injectables 
in adults (https://pubmed.ncbi.nlm.nih.
gov/30073886/; https://pubmed.ncbi.nlm.
nih.gov/28980217/; https://pubmed.ncbi.
nlm.nih.gov/26493796/; https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5328329/) 
and the need to conduct specific cost-
effectiveness analyses in children was 
highlighted as a major research gap. 

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

There were no included studies on equity.
As per the 2020 DR-TB guidelines, eligible children aged 6 and above may receive the shorter, all oral, bedaquiline containing regimen. Use of 
bedaquiline in children under the age of 6 years would increase the proportion of children in whom this regimen can be used, which may increase 
equity. As well, bedaquiline is considered a Group A drug and is therefore a priority medicine for use in longer regimens to treat MDR/RR-TB.
The qualitative study involving in depth-interviews of adolescent patients, guardians (of children and adolescents with DR-TB) and health care 
providers (7) reported the following: 
“Healthcare providers mentioned that female children did not seem to receive equal care as male children, but caregivers and patients did not describe 
that. Caregivers were concerned about future of girl child after treatment, especially about her marriage. They did not prefer to disclose about DR-TB 
disease to prospective groom’s family.” “Low awareness about TB in family and neighbourhood contributed to discrimination and stigma for patients in 
the community (including schools). Caregivers and patients mentioned that patients went to school without masks fearing discrimination.”

The panel noted that equity would 
increase as effective, shorter regimens 
for younger children become more 
widely available. It was also noted that 
both short and long all-oral regimens 
would make treatment more accessible 
compared to administration of a regimen 
containing injectable agents, but only as 
long as there is commitment to ensure 
wide, decentralized access to MDR-TB 
treatment. Therefore, the GDG agreed that 
equity would be ‘probably increased’. 

https://pubmed.ncbi.nlm.nih.gov/30073886/
https://pubmed.ncbi.nlm.nih.gov/30073886/
https://pubmed.ncbi.nlm.nih.gov/28980217/
https://pubmed.ncbi.nlm.nih.gov/28980217/
https://pubmed.ncbi.nlm.nih.gov/26493796/
https://pubmed.ncbi.nlm.nih.gov/26493796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5328329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5328329/
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

There were no included studies on acceptability. 
However, a qualitative study was conducted using in depth-interviews of adolescent patients, guardians (of children and adolescents with DR-TB) and 
health care providers (7). All children and adolescent patients included in the study (either as participants or their guardians, n = 10) received DR-TB 
treatment including bedaquiline (BDQ) and/or delamanid (DLM). Six had a history of previous TB treatment, and all of them received an injectable 
during previous TB treatment. In the current treatment regimen, six received an injectable. Of these six, three patients received an injectable both during 
current and previous treatment. Only one patient (aged 3 years) did not have exposure to an injectable. All ten patients received clofazimine while seven 
received cycloserine during the treatment. The median duration of treatment in patients who completed treatment at the time of interview (n = 5) was 
21 (range: 20–22) months.
The authors found that receiving second-line injectables during treatment was the most painful experience for patients and guardians. “Patients and 
care-givers expressed moments of soreness and bleeding at the injection site when the patients received injectable every day. The experiences with 
injectable haunted the patients even after their treatment finished.” The pill burden was perceived as large: “Patients and caregivers complained about 
the multiple drugs patients had to take in a day. Healthcare providers described that the drugs given for adverse events during DR-TB treatment 
increased the pill burden of DR-TB medications, thus patients had to take around 15–20 pills per day. Guardians and DOT providers felt it took a lot of 
time for patients to take their pills, especially children of younger age group (0–5 years). Pill burden also increased as paediatric formulations were not 
available for many drugs. The mere sight of multiple drugs made them feel nauseous.” Adverse events were also common: “Patients and caregivers 
complained about adverse events during DR-TB treatment. Difficulty in hearing was mentioned due to injectables while other adverse events mentioned 
due to DR-TB medications were difficulty in vision, pain in legs, skin colour darkening, nausea and vomiting during treatment.”
Other findings included:
Participants felt a two-year treatment duration for DR-TB was too long 
Adverse events, e.g. skin darkening (clofazimine), anger and irritability (cycloserine) were noted
Loneliness and disrupted social life (including school, college, playing with friends) due to DR-TB disease treatment, fear of TB transmission to others
Changes in treatment regimens including non-injectable, palatable, child-friendly formulations, were recommended for developing child and adolescent-
friendly care for patients during DR-TB treatment. 
The WHO consolidated guidelines on DR-TB treatment (2020) state that the avoidance of an injectable-containing regimen is particularly desirable in 
children. Shortening the total treatment duration for children not eligible for the shorter regimen to less than 18 months may be considered in the case 
of children without extensive disease. These aspects also have implications for acceptability (8). 

The GDG judged that the use of 
bedaquiline would probably be acceptable 
to all key stakeholders.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

There were no included studies on feasibility. 
A child-friendly formulation of bedaquiline (20 mg, dispersible in water) is available through the Stop TB Partnership’s Global Drug Facility. An application 
for inclusion of this formulation has been submitted for the Essential Medicines List for children, to be reviewed in 2021. 
Bedaquiline 100 mg tablets suspended in water have been shown to have the same bioavailability as tablets swallowed whole, and can therefore be 
used to treat drug-resistant TB in children as well (Svensson et al, 2018). 

One of the main feasibility aspects noted 
by the panel related to the need for 
safety monitoring (i.e., access to ECG 
monitoring, as well as staff capacity for 
monitoring). The panel judged that the 
use of bedaquiline in young children was 
probably feasible to implement. Also, the 
GDG noted that an oral regimen is easier 
to administer in community settings, 
whereas injections require daily travel to a 
clinic/hospital.
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SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○   ○ 



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 62

CONCLUSIONS

Recommendation
In children with MDR/RR-TB aged below 6 years, an all-oral treatment regimen containing bedaquiline may be used (conditional recommendation, very low certainty of evidence).

Remarks:
This recommendation applies to and complements current WHO recommendations on shorter and longer regimens that contain bedaquiline:
• A shorter all-oral bedaquiline-containing regimen of 9–12 months duration is recommended in eligible patients with confirmed multidrug- or rifampicin-resistant tuberculosis (MDR/RR-TB) who have not been exposed 

to treatment with second-line TB medicines used in this regimen for more than 1 month, and in whom resistance to fluoroquinolones has been excluded. (Conditional recommendation, very low certainty in the 
evidence)

• Bedaquiline should be included in longer multidrug-resistant TB (MDR-TB) regimens for patients aged 18 years or more. (Strong recommendation, moderate certainty in the estimates of effect) 
• Bedaquiline may also be included in longer MDR-TB regimens for patients aged 6–17 years. (Conditional recommendation, very low certainty in the estimates of effect)

Justification
To answer the PICO question on the use of bedaquiline in children under the age of six years, data from two phase II trials (TMC207-C211 and IMPAACT P1108) were reviewed by the GDG. TMC207-C211 is a phase II, 
open-label, single-arm study to evaluate the pharmacokinetics (PK), safety, tolerability and anti-mycobacterial activity of bedaquiline in combination with a background regimen of MDR-TB medications for the treatment 
of children and adolescents aged 0 to <18 years of age who have confirmed or probable pulmonary MDR-TB. IMPAACT P1108 is a phase I/II dose finding modified age de-escalation study to evaluate the PK, safety and 
tolerability, of bedaquiline in combination with optimized individualized MDR-TB regimens in HIV-infected and HIV-uninfected paediatric populations with clinically diagnosed or confirmed intra-thoracic MDR-TB. 
The data reviewed from TMC207-C211 corresponded to children aged 5 to 18 years and IMPAACT P1108 included children aged 0–6 years; therefore, the review of PK and safety data focused mainly on data from 
IMPAACT P1108. Although the sample size was small (N= 12), the GDG concluded that in children 0–6 years of age, there were no cardiac safety signals distinct from those reported in adults. Population PK models from 
both studies suggest that drug exposures observed in adults can be reached in most children receiving bedaquiline, although some dose modification may be necessary depending on the age and weight of the child. 
In addition, data from a paediatric drug resistant (DR)-TB IPD were analysed descriptively (24,231 records from all six WHO regions, the majority from India and South Africa). Just under twenty thousand of these records 
were used for a matched analysis of treatment outcomes in children being treated for DR-TB. The analysis included 40 children aged below 6 years and 68 children aged 6–12 years who received bedaquiline. In the 
matched analysis, bedaquiline was significantly associated with shorter treatment duration and a lower adjusted odds ratio of injectable TB drug use. Although children aged less than six years receiving a bedaquiline 
based regimen had a lower proportion of successful treatment outcomes (75%) than those not receiving bedaquiline (84.1%), residual confounding (including confounding by indication) was thought to be likely.
A child-friendly formulation of bedaquiline (20 mg functionally scored uncoated tablet, which can be dispersed in water and other liquids) is being used in the Janssen’s C211 study to dose children below 5 years and will 
also soon be used in an updated protocol of IMPAACT study P1108. No head-to-head studies were conducted to examine the bioequivalence of the 20 mg and the 100 mg formulation of bedaquiline. Bioequivalence 
testing was performed indirectly and showed that both tablets have the same bioavailability and can be used interchangeably at the same total dose. Findings from the bedaquiline crush study (Svensson E et al., 2018) 
also showed that bioavailability of bedaquiline tablets suspended in water was the same as for tablets swallowed whole.
The GDG discussed the desirable effects that have been reported previously and noted that including bedaquiline in all-oral regimens for children will allow the construction of regimens that are more child- and family-
friendly, with shorter durations (as shown by the IPD analysis, where bedaquiline-containing regimens are usually shorter than those not including bedaquiline). The GDG rated the desirable effects as moderate. The 
main concern noted by the panel was the lack of data on long-term safety and adverse events. However, the GDG noted that there is quite a lot of clinical experience with using bedaquiline in young children and based 
on this experience, the drug is tolerated well and often better than in the adult population. Therefore, the GDG agreed that the undesirable effects were small. Overall, the GDG determined that the balance between 
desirable and undesirable effects probably favours the use of bedaquiline in children aged below 6 years. The GDG highlighted that the benefits may vary depending on specific contexts and population characteristics, 
for example by nutritional status. The GDG members also noted that the potential higher cost of bedaquiline in a treatment regimen for MDR/RR-TB should be considered in the context of the benefits of shorter 
injectable free regimens (i.e. less travel, reduced time spent in clinics and fewer adverse events). In addition they judged that equity might increase as bedaquiline is available to younger children, that it’s use would be 
acceptable to the majority of stakeholders and that one of the main feasibility aspects would be related to the need for safety monitoring (i.e., access to ECG monitoring, as well as staff capacity for monitoring). However, 
the panel judged that the use of bedaquiline in young children was probably feasible to implement.

Subgroup considerations
Children living with HIV: The composition of treatment regimens for MDR/RR-TB does not usually differ substantially for people living with HIV; a few drug-drug interactions may be avoided with careful attention (e.g. 
bedaquiline and efavirenz). Moreover, while trial TMC207-C211 does not enrol children co-infected with HIV, the IMPAACT study P1108 study enrols HIV-infected and HIV-uninfected infants, children and adolescents 
with MDR-TB disease (of the 9 children aged below 6 years enrolled and with PK data at the time of the GDG report, 1 was HIV-infected). Among the children below 6 years of age included in the paediatric IPD who 
were treated with bedaquiline-containing regimen, 12 (30%) were HIV positive and among those treated with DR-TB regimens not including bedaquiline, 364 (20%) were HIV positive.
Extra-pulmonary TB: The shorter, all oral bedaquiline-containing regimen is contra-indicated in children with extrapulmonary forms of TB other than TB lymphadenopathy (see implementation considerations for the 
full eligibility criteria). Children with these forms of extrapulmonary TB should be treated with longer regimens, composed of medicines from Groups A, B and C. Data are sparse on the penetration of bedaquiline across 
the blood-brain barrier. 
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Implementation considerations
The removal of the age restriction for the use of bedaquiline means that children of all ages with confirmed rifampicin- or multi-drug resistant (RR/MDR-) TB may be offered the shorter, all-oral regimen with bedaquiline 
if they meet the eligibility criteria. This regimen is composed of bedaquiline (used for 6 months), in combination with levofloxacin/moxifloxacin, ethionamide, ethambutol, isoniazid (high-dose), pyrazinamide and 
clofazimine for 4 months (with the possibility of extending to 6 months if the patient remains sputum smear positive at the end of 4 months); followed by 5 months of treatment with levofloxacin/moxifloxacin, clofazimine, 
ethambutol and pyrazinamide. The eligibility criteria are:
No extensive TB disease
No severe EPTB (any forms other than TB lymphadenopathy)
Without resistance or suspected ineffectiveness of a medicine in the shorter regimen (except isoniazid resistance)
Without exposure to previous treatment with second-line medicines in the regimen for more than 1 month (unless susceptibility to these medicines is confirmed)
Extensive (or advanced) TB disease refers to the presence of bilateral cavitary disease or extensive parenchymal damage on chest radiography. In children aged under 15 years, advanced disease is usually defined by 
the presence of cavities or bilateral disease on chest radiography. Severe extrapulmonary TB refers to the presence of miliary TB or TB meningitis. In children aged under 15 years, extrapulmonary forms of disease other 
than lymphadenopathy (peripheral nodes or isolated mediastinal mass without compression) are considered as severe (adapted from Wiseman et al., 2012). The shorter regimen should not be used in the presence of 
mutations in both the inhA promoter and katG on first-line LPA (MTBDRplus) in the child as this suggests that isoniazid at high dose and thioamides are not effective.
Promoting the use of bedaquiline in all-oral regimens for children will allow the construction of regimens that are more child- and family-friendly, with shorter durations (as shown by the IPD meta-analysis, where 
bedaquiline-containing regimens were shown to be significantly shorter than those not including bedaquiline) and may reduce the use of second-line drugs with potentially more severe adverse events compared to 
bedaquiline (including, but not limited to injectables). Implementation of shorter, all-oral regimens may also facilitate implementation of DR-TB treatment at peripheral levels of the health care system. Countries are 
therefore encouraged to stop using injectable agents as part of treatment regimens for MDR/RR-TB in children of all ages.
Children who do not have bacteriological confirmation of TB and/or resistance patterns but who have a high likelihood of rifampicin- or multi-drug resistant TB (based on a clinical diagnosis in combination with a 
history of contact with a patient with confirmed rifampicin- or multi-drug resistant TB) are eligible to receive bedaquiline as part of their treatment regimen. However, they do not meet the eligibility criteria for the all oral 
bedaquiline containing regimen, as this regimen may only be used in patients with at least confirmation of rifampicin resistance in whom resistance to fluoroquinolones has been ruled out (World Health Organization, 
2020). These children will benefit from an individualized longer treatment regimen, taking into account the drug susceptibility (and mutation) pattern of the most likely source case. Treatment duration will depend on 
the extensiveness and severity of disease, as well as the response to treatment. Shortening the total treatment duration to less than 18 months may be considered in children without extensive disease (World Health 
Organization, 2020). The definition of extensive disease is provided above. Children with a diagnosis of rifampicin resistance only without further drug-susceptibility testing (DST) (for example a child diagnosed with Xpert 
or Ultra testing on a stool sample but no further DST on respiratory samples) could be treated with available bedaquiline-containing regimens at the discretion of the treating clinician. 
Evidence-based guidance on how to construct optimal treatment regimens in children with MDR/RR-TB who are not eligible for the shorter, all-oral bedaquiline-containing regimen will be provided in the operational 
handbook, based on the analysis of the IPD, considering age, resistance patterns in the child or most likely source case, extent of TB disease and specific background settings. The construction of these treatment 
regimens is aligned to the WHO guidelines on treatment of drug-resistant TB and the priority drug groupings (8).
With regard to the duration of bedaquiline use, evidence assessed by a GDG in November 2019 supported the safe use of bedaquiline beyond 6 months in patients who received appropriate schedules of baseline and 
follow-up monitoring. However, at that time, the GDG was not able to assess the relative effectiveness of prolonged bedaquiline use, owing to the limited evidence and to potential residual confounding in the data. The 
regimen needs to have at least three effective agents if bedaquiline is stopped at 6 months; thus, if another agent needs to be stopped because of toxicity, then that medicine would need to be replaced by another one. 
The replacement medicine would be chosen from either Group B (unless both clofazimine and cycloserine or terizidone are already included) or Group C. The choice from Group C is determined by the order in which 
the medicines are ranked, and the individual circumstances of the patient and setting.
The GDG meeting held in November 2019 also assessed concurrent bedaquiline and delamanid use. Again, the evidence were insufficient to allow the GDG to make a statement about the effectiveness of concurrent 
use of both medicines. However, the group concluded that the safety data assessed in 2019 suggest there are no additional safety concerns with regard to the concurrent use of bedaquiline and delamanid. Therefore, 
bedaquiline and delamanid may be used in patients who have limited options for other treatment; that is, for patients with a small number of other effective drugs included in their regimen, probably due to an extensive 
drug-resistance profile or intolerance to other second-line TB medications. Appropriate schedules of safety monitoring (at baseline and throughout treatment) should be in place for these patients, including ECG and 
electrolyte monitoring, and clinicians should be cognizant of other medicines in the regimen that can either prolong the QT interval or cause other potential adverse events.
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Efforts to implement child-friendly DR-TB regimens including bedaquiline should go in parallel with increased efforts at country level to close the very large case detection gap. Evidence-based, pragmatic treatment 
decision algorithms (see PICO 2a) that are specific for different settings with varying access to diagnostic tests and chest radiography, apply to children with presumptive MDR/RR-TB as well, and need to be widely 
implemented to ensure that children with (MDR/RR-)TB are detected and effectively treated.
Dosing guidance for the use of bedaquiline in children below 6 years of age will be provided in the operational handbook, based on an expert consultation on dosing that will be conducted in follow up to the GDG 
meeting. The guidance will take into account the child friendly formulation of bedaquiline that was approved by the US FDA in May 2020 and has been available from the Stop TB Partnership Global Drug Facility from 
June 2020, namely a 20mg scored tablet which can be taken whole or dispersed in water for patients who have difficulty swallowing intact tablets. To aid with administration, the dispersed mixture in water can be further 
mixed with a beverage or soft food. Alternatively, the tablet can be crushed and mixed with soft food immediately prior to its use and administered. It should also be noted that the findings from the bedaquiline crush 
study showed that bioavailability of bedaquiline tablets suspended in water was the same as for tablets swallowed whole. Therefore, if the 20 mg formulation of bedaquiline is not available, the crushed 100 mg 
formulation dissolved in water can be used to dose younger children without compromising bioavailability. 
Concomitant food intake is an important factor to consider when evaluating bioavailability. Bedaquiline bioavailability was optimized in the trials when co-administered with a high-fat meal. In practice, feeding frequency 
needs to be considered. In infants, feeding frequency is higher and favours the administration with high-fat meals, but it should also be considered that buffering capacity increases with increased feeding frequency. The 
paediatric bedaquiline formulation can be prepared and administered with a variety of foodstuffs (including water, milk products, apple juice, orange juice, cranberry juice, carbonated beverages, yoghurt, apple sauce, 
mashed banana, and porridge). The formulation is also stable for 8-hours stored in a syringe under these conditions. The paediatric tablet has good palatability and swallowability although palatability can be improved 
by mixing it with fruit juices, carbonated liquids, milk liquids and soft foods. It should ideally be taken with a high fat meal and administration on an empty stomach should be avoided as exposures are reduced. 
The risk of emergence of resistance to bedaquiline should be a key consideration when the drug is being used. However, conducting DST in children below 6 years may be challenging, considering the difficulties in 
obtaining a suitable specimen for drug susceptibility testing (DST). However, in of case concerns about acquired drug resistance, every effort should be made to obtain a suitable sample, for example through gastric 
aspirate, sputum induction or nasopharyngeal aspirate. 
In the IMPAACT P1108 study, no children aged below 6 years had QT prolongation in any of the categories of 60 milliseconds and above. Three children (of 11; 27%) experienced QT prolongation between 30–60 
milliseconds. This was described as mild and insignificant. In general, the use of bedaquiline in populations with underlying cardiac conduction abnormalities and concomitant medications that prolong QTc needs to 
be carefully considered, as does the practicality of risk mitigation strategies. Indeed, a major implementation consideration includes the need for safety monitoring, as well as the need to build staff capacity (training, 
capacity building) to ensure that appropriate safety monitoring is put in place. Additional costs associated with wider implementation of bedaquiline (in addition to the higher cost of the drug), include availability of ECG 
machines, appropriate monitoring and trained staff to perform these activities. However, the GDG felt that savings related to potential shorter durations of treatment and savings in opportunity costs when injectable 
agents are used, with long-lasting side effects and implications for child development, outweigh the costs of bedaquiline introduction and implementation. 
Adaptation of the recommendation to the local context will require staff capacity building and training, followed by supportive supervision and mentoring. Implementing all-oral treatment regimens require commitment 
from national TB programmes to ensure wide, decentralized access to MDR-TB treatment.

Monitoring and evaluation
Patients, including children who receive a shorter MDR-TB treatment regimen need to be monitored during treatment using schedules of relevant clinical and laboratory testing, which have been successfully applied in 
previous studies of shorter regimens under field conditions and in the programmatic setting in South Africa.
Children on longer MDR-TB treatment regimens need to be monitored for response to treatment and for safety, using reasonable schedules of relevant clinical and laboratory testing as well. The WHO framework for 
aDSM (World Health Organization, 2015) needs to be applied to patients on any type of MDR-TB regimen, to ensure appropriate action and an acceptable level of monitoring for and prompt response to adverse 
events – alongside monitoring for treatment outcomes. Electrocardiography is indicated for children on regimens that have two or three agents that are expected to prolong the QT interval. Specific biochemical tests 
should also be made available whenever certain agents are included in the regimens.
In children, smear and culture monitoring of the response to treatment may be challenging, for the same reasons it is difficult to obtain a bacteriological confirmation of the diagnosis. In children with a bacteriologically 
confirmed diagnosis, all reasonable efforts should be taken to demonstrate bacteriological conversion. Once cultures have become negative or in children who never had a confirmed diagnosis, repeated respiratory 
sampling may not be useful if the child is otherwise responding well clinically. Resolution of clinical symptoms and weight gain can be used as indicators of improvement. All children should have regular clinical 
follow-up, including weight and height monitoring. Drug dosages should be adjusted with weight gain, as needed.
Recording and reporting of details on the diagnosis, treatment regimens, clinical monitoring and treatment outcomes of children and adolescents with MDR/RR-TB is important to monitor the programmatic 
implementation of newly recommended regimens as well as efforts to improve case finding of children with DR-TB. 
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Research priorities
In the process of summarizing the available evidence, the reviews undertaken for this update revealed a number of gaps in current knowledge about critical areas for the use of bedaquiline in children of all ages:
Treatment outcomes in children with MDR/RR-TB of all ages treated with shorter and longer all oral, bedaquiline containing regimens.
Studies aimed at optimizing dosing of bedaquiline in children.
Specific cost-effectiveness analyses on the use of bedaquiline in children.
Studies exploring mechanisms of acquisition of resistance to bedaquiline and genetic markers to identify resistance (this evidence is likely to come from studies on adult TB patients but will have implications for children 
and adolescents).
Studies exploring the optimisation of the duration of bedaquiline use in children.
Studies exploring the concomitant use of bedaquiline and delamanid in children.
Qualitative research on acceptability, equity and feasibility issues 

References

1 World Health Organization. Global tuberculosis report 2020. Geneva: 2020.

2 Dodd PJ, Sismanidis C, Seddon JA. Global burden of drug-resistant tuberculosis in children: a mathematical modelling study. The Lancet Infectious Diseases. 2016;16(10):1193–201 
(http://dx.doi.org/10.1016/S1473-3099(16)30132-3, accessed 2018/04/26).

3 Jenkins HE, Tolman AW, Yuen CM, Parr JB, Keshavjee S, Pérez-Vélez CM et al. Incidence of multidrug-resistant tuberculosis disease in children: systematic review and global estimates. 
The Lancet. 2014;383(9928):1572–9.

4 Jenkins HE, Yuen CM. The burden of multidrug-resistant tuberculosis in children. Int J Tuberc Lung Dis. 2018;22(5):3–6 (https://www.ncbi.nlm.nih.gov/pubmed/29665947, accessed.

5 Harausz EP, Garcia-Prats AJ, Law S, Schaaf HS, Kredo T, Seddon JA et al. Treatment and outcomes in children with multidrug-resistant tuberculosis: A systematic review and individual 
patient data meta-analysis. PLoS Med. 2018;15(7):e1002591 (https://www.ncbi.nlm.nih.gov/pubmed/29995958, accessed.

6 World Health Organization. WHO consolidated guidelines on drug-resistant tuberculosis treatment. Geneva, 2019 (https://apps.who.int/iris/bitstream/handle/10665/311390/WHO-
CDS-TB-2019.3-eng.pdf?sequence=1&isAllowed=y, accessed.

7 Das M, Mathur T, Ravi S, Meneguim AC, Iyer A, Mansoor H et al. Challenging drug-resistant TB treatment journey for children, adolescents and their care-givers: A qualitative study. 
PLoS One. 2021;16(3):e0248408 (https://www.ncbi.nlm.nih.gov/pubmed/33690715, accessed.

8 World Health Organization. WHO consolidated guidelines on tuberculosis. Module 4: treatment – drug-resistant tuberculosis treatment. Online annexes. Geneva, 2020 (https://
apps.who.int/iris/bitstream/handle/10665/332678/9789240007062-eng.pdf, accessed.



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 66

Table 4b. Should an all-oral treatment regimen containing delamanid versus other 
regimens conforming to WHO guidelines without delamanid be used for MDR/RR-TB 
patients aged below 3 years?

POPULATION: MDR/RR-TB patients aged below 3 years 

INTERVENTION: An all-oral treatment regimen containing delamanid

COMPARISON: Other regimens conforming to WHO guidelines without delamanid

MAIN OUTCOMES: Death; Treatment completion; Cure; Treatment success; Relapse; Treatment failure; Loss to follow-up; Treatment adherence; Adverse events;

SETTING: Global

PERSPECTIVE: Clinical and public health 

BACKGROUND:

Globally in 2019, an estimated 3.3% (95% confidence interval [CI]: 2.3–4.3%) of new cases and 18% (95% CI: 9.7–27%) of previously treated cases had MDR/RR-TB. Overall, there 
were an estimated 465 000 (range, 400 000–535 000) incident cases of MDR/RR-TB in 2019 and the global proportion of RR-TB cases estimated to have MDR-TB was 78%. The 
number of people enrolled in second-line treatment globally was 177 099 in 2019, equivalent to 86% of the 206 030 people reported to have been diagnosed with MDR/RR-TB 
in 2019 but only 38% of the estimated 465 000. The overall treatment success rate for MDR/RR-TB was 57% for the 2017 cohort (1). Between 25 000 and 32 000 children are 
estimated to develop MDR/RR-TB every year (2–4). In 2018, 3 398 children (aged below 15 years) were started on second-line treatment for MDR/RR-TB. This number increased 
to 5 586 in 2019, but this only represents 3.2% of the total number of patients with MDR/RR-TB initiated on treatment (1). Treatment outcomes reported in a systematic review 
and individual patient data meta-analysis conducted for the 2018 WHO drug-resistant TB treatment guidelines, showed an overall successful treatment outcome of 78% in 
children treated for MDR-TB (75% of confirmed and 89% of clinically diagnosed children (5).
Current recommendations on the treatment of drug-resistant TB (based on guidelines published in 2020) include the use of delamanid as part of longer regimens for children 
aged 3 years and above. Based on current knowledge on the effectiveness and safety of delamanid, delamanid is recommended for use as a Group C agent as part of longer 
treatment regimens to treat MDR/RR-TB in adults and children aged 3 years and above. The available evidence on delamanid use is currently limited to its use for 6 months 
alongside other medicines as part of a longer regimen. The existing recommendations for children were based on a phase I, open-label, age de-escalation trial designed to 
assess the PK, safety, and tolerability of delamanid administered twice daily for 10 days in children with MDR-TB on therapy with an optimized background regimen (protocol 
242–12–232) and the corresponding open-label extension study (protocol 242–12–233), a phase II trial to evaluate the PK, safety and efficacy of delamanid in paediatric 
participants with MDR-TB over 6 months. Previously data was reviewed on children aged three years and older, leaving a gap in evidence on children aged below three years. 
This PICO question addresses the use of delamanid in children aged below 3 years, to possibly expand the age indication of its use.

CONFLICT OF INTERESTS:
Susan ABDEL RAHMAN 
Tamara KREDO 
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ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally in 2019, an estimated 3.3% (95% confidence interval [CI]: 2.3–4.3%) of new cases and 18% (95% CI: 9.7–27%) of previously treated cases had 
MDR/RR-TB. Overall, there were an estimated 465 000 (range, 400 000–535 000) incident cases of MDR/RR-TB in 2019 and the global proportion of 
RR-TB cases estimated to have MDR-TB was 78%. The number of people enrolled in second-line treatment globally was 177 099 in 2019, equivalent to 
86% of the 206 030 people reported to have been diagnosed with MDR/RR-TB in 2019 but only 38% of the estimated 465 000. The overall treatment 
success rate for MDR/RR-TB was 57% for the 2017 cohort (1). Between 25 000 and 32 000 children are estimated to develop MDR/RR-TB every year 
(2–4). In 2018, 3 398 children (aged below 15 years) were started on second-line treatment for MDR/RR-TB. This number increased to 5 586 in 2019, but 
this only represents 3.2% of the total number of patients with MDR/RR-TB initiated on treatment (1). Treatment outcomes reported in a systematic review 
and individual patient data meta-analysis conducted for the 2018 WHO drug-resistant TB treatment guidelines, showed an overall successful treatment 
outcome of 78% in children treated for MDR-TB (75% of confirmed and 89% of clinically diagnosed children (5).
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Trivial
  Small
○ Moderate
○ Large
○ Varies
○ Don’t know

Desirable effects include cure, treatment success and treatment adherence. 
Previous recommendations on the use of delamanid in children were based on extrapolation of adult efficacy data and additional PK and safety data 
from studies conducted among children
The evidence profile included below is replicated from the 2019 WHO DR-TB guidelines (6):

Outcomes With No 
Delamanid

With Delamanid included in 
the treatment regimen Difference Relative effect 

(95% CI)

Treatment success at 30 months (follow up: 
range 6 months to 12 months; assessed with: 
Trial 213; ITT population; MGIT)a

776 per 1,000 771 per 1,000 
(698 to 852)

5 fewer per 1,000 
(78 fewer to 75 

more)

RR 0.993 
(0.899 to 1.097)

Mortality at 30 months (follow up: range 
6 months to 12 months; assessed with: Trial 213; 
ITT population)b

47 per 1,000 53 per 1,000 
(23 to 119)

6 more per 1,000 
(24 fewer to 72 

more)

RR 1.122 
(0.498 to 2.527)

Serious Adverse Events (follow up: range 
6 months to 12 months; assessed with: Trial 213; 
ITT population)

276 per 1,000 261 per 1,000 
(193 to 353)

15 fewer per 1,000 
(83 fewer to 76 

more)

RR 0.944 
(0.698 to 1.276)c

QTcF interval prolongation >60ms from baseline 
on electrocardiogram over 30 months (follow 
up: range 6 months to 12 months; assessed 
with: Trial 213; ITT population)d,e

71 per 1,000 103 per 1,000 
(55 to 193)

32 more per 1,000 
(16 fewer to 122 

more)

RR 1.454 
(0.775 to 2.728)f

QTcF interval >500ms (new onset) on 
electrocardiogram over 30 months (follow up: 
range 6 months to 12 months; assessed with: 
Trial 213; ITT population)d,g

12 per 1,000 21 per 1,000 
(4 to 93)

9 more per 1,000 
(7 fewer to 81 more)

OR 1.761 
(0.362 to 8.568)f

Acquired resistance to delamanid up to 26 
weeks (assessed with: Trial 213; ITT population; 
MGIT or solid media culture)h

0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable

Time to sputum culture conversion by 6 months 
(assessed with: Trial 213; MITT population; MGIT)

861 per 1,000 901 per 1,000 
(834 to 949)

40 more per 1,000 
(27 fewer to 88 

more)

HR 1.17 
(0.91 to 1.51)

Sputum culture conversion at 2 months 
(assessed with: Trial 213; MITT population; MGIT)i

535 per 1,000 586 per 1,000 
(475 to 723)

51 more per 1,000 
(59 fewer to 188 

more)

RR 1.096 
(0.889 to 1.352)

Sputum culture conversion at 6 months 
(assessed with: Trial 213; MITT population; MGIT)j

861 per 1,000 876 per 1,000 
(799 to 960)

15 more per 1,000 
(63 fewer to 99 

more)

RR 1.017 
(0.927 to 1.115)

QTcF prolongation greater than or equal to 30 
and less than 60 milliseconds in children aged 
0–2 years (assessed with: Trial 232; added in 
June 2021)

In children aged 0–2 years, no children experienced QT prolongation greater than or equal to 60 
milliseconds and above. There were 5 (of 12: 41.7%) children who experienced QT prolongation 
greater than or equal to 30 milliseconds and less than 60 milliseconds. No child aged 0–2 years 
exceeded the threshold for QT (i.e. greater than or equal to 440msec) or approached what some 
consider the upper limit for children (i.e. greater than or equal to 460 msec). 

The GDG noted that when the delamanid 
phase II trial was started, many of the 
companion drugs in the optimized 
background regimen were not widely 
available (e.g., linezolid and moxifloxacin). 
By the time the phase III trial started, 
linezolid and moxifloxacin became much 
more accessible, which meant that the 
optimized background regimens in the 
trial were likely more effective, making it 
more difficult to prove the added effect of 
a drug (i.e., delamanid) in the intervention 
regimen.
The GDG also noted that the delamanid 
phase III trial was not powered to detect 
differences in treatment outcomes, only to 
detect the difference in culture conversion.
The GDG concluded that the desirable 
effects are small. However, it was noted 
that when looking at specific populations 
such as patients with pre-XDR-TB, 
the desirable effects may be rated 
differently – e.g., in this case the desirable 
effects would be rated as moderate rather 
than small.
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Treatment success: defined as per Trial 213, sustained sputum culture conversion (SCC) by week 26, completing the trial out to month 30 visit with SCC and 
staying alive at the last contact for follow-up per trial (CT-5.10.1.2 in page 2042 of Clinical Study Report PROTOCOL 242- 09–213). Results with solid media 
obtain lead to similar estimates of effects RR=1.008 (95%CL: 0.916, 1.110) (CT-5.10.2.2 of PROTOCOL 242–09–213; page 2051). RRs using results at different 
time points (18 and 24 months) are very similar to the value shown here (CT-CT-5.8.1.2 in page 2026 of Clinical Study Report PROTOCOL 242–09–213). 
All-cause mortality assessed during the whole 30 months (see CT-5.11.1 in page 2055 of Clinical Study Report PROTOCOL 242–09–213) 
Calculated using the values in Table CT-8.1.1
As per Table CT-11.4.1 of PROTOCOL 242–09–213; page 5002 
8 of 35 cases with QTcF prolongation in the delamanid group and 5/12 of the placebo group happened after 6 months
Calculated manually using values in Table CT-11.4.1 of PROTOCOL 242–09–213; page 5002
3 of 7 cases with QTcF prolongation in the delamanid group and 2/2 of the placebo group happened after 6 months. 
Delamanid susceptibility is not available for all of the 511 subjects (in page 379 of Clinical Study Report PROTOCOL 242–09–213 a denominator of 502 is 
reported). The calculation is done for the 341 patients exposed to delamanid (retaining in the denominator the 2 cases found to be delamanid resistant 
at baseline). The DST methodology used only assessed resistance at baseline and week 26 and not on the last isolate, and therefore this is likely to be a 
minimum estimate 
RR was estimated using PROC FREQ (SAS) and the Cochran-Mantel-Haenszel general association test (see CT-5.2.1.1 in page 1964 of Clinical Study 
Report PROTOCOL 242–09–213). Using LOCF (CT-5.2.1.2), the RR was 1.069 (95%CI : 0.875–1.305) and the “bookended” (ST16.3) RR was 1.172 (95%CI : 
0.946–1.453) 
RR was estimated using PROC FREQ (SAS) and the Cochran-Mantel-Haenszel general association test (see CT-5.3.1.1 in page 1972 of Clinical Study 
Report PROTOCOL 242–09–213). Using LOCF (CT-5.3.1.2), the RR 1.034 (95%CI: 0.941–1.137) and the “bookended” (ST-16.2) RR was 1.070 (95%CI: 
0.950–1.204). 
Evidence profile from the paediatric DR-TB IPD (2021) (off-label use of delamanid in 7 children aged under 3 years, used under programmatic conditions):

Outcomes
Regimens conforming to 
WHO guidelines without 

delamanid

With an all-oral 
treatment regimen 

containing delamanid
Difference

Relative 
effect 

(95% CI)

Treatment success 830 per 1,000 0 per 1,000 
(0 to 0)

830 fewer per 1,000 
(830 fewer to 830 fewer)

not 
estimable

Treatment completion/ cure 830 per 1,000 0 per 1,000 
(0 to 0)

830 fewer per 1,000 
(830 fewer to 830 fewer)

not 
estimable

Cure 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not 
estimable

Treatment adherence 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not 
estimable
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
  Small
○ Trivial
○ Varies
○ Don’t know

Undesirable effects include death, treatment failure, loss to follow-up, relapse and serious adverse events. 
The evidence profile included below is replicated from the 2019 WHO DR-TB guidelines (6):

Outcomes With No 
Delamanid

With Delamanid 
included in the 

treatment regimen
Difference Relative effect 

(95% CI)

Treatment success at 30 months (follow up: range 6 months 
to 12 months; assessed with: Trial 213; ITT population; MGIT)a

776 per 1,000 771 per 1,000 
(698 to 852)

5 fewer per 1,000 
(78 fewer to 75 more)

RR 0.993 
(0.899 to 1.097)

Mortality at 30 months (follow up: range 6 months to 
12 months; assessed with: Trial 213; ITT population)b

47 per 1,000 53 per 1,000 
(23 to 119)

6 more per 1,000 
(24 fewer to 72 more)

RR 1.122 
(0.498 to 2.527)

Serious Adverse Events (follow up: range 6 months to 
12 months; assessed with: Trial 213; ITT population)

276 per 1,000 261 per 1,000 
(193 to 353)

15 fewer per 1,000 
(83 fewer to 76 more)

RR 0.944 
(0.698 to 1.276)c

QTcF interval prolongation >60ms from baseline on 
electrocardiogram over 30 months (follow up: range 6 months 
to 12 months; assessed with: Trial 213; ITT population)d,e

71 per 1,000 103 per 1,000 
(55 to 193)

32 more per 1,000 
(16 fewer to 122 

more)

RR 1.454 
(0.775 to 2.728)f

QTcF interval >500ms (new onset) on electrocardiogram 
over 30 months (follow up: range 6 months to 12 months; 
assessed with: Trial 213; ITT population)d,g

12 per 1,000 21 per 1,000 
(4 to 93)

9 more per 1,000 
(7 fewer to 81 more)

OR 1.761 
(0.362 to 8.568)f

Acquired resistance to delamanid up to 26 weeks (assessed 
with: Trial 213; ITT population; MGIT or solid media culture)h

0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable

Time to sputum culture conversion by 6 months (assessed 
with: Trial 213; MITT population; MGIT)

861 per 1,000 901 per 1,000 
(834 to 949)

40 more per 1,000 
(27 fewer to 88 more)

HR 1.17 
(0.91 to 1.51)

Sputum culture conversion at 2 months (assessed with: Trial 
213; MITT population; MGIT)i

535 per 1,000 586 per 1,000 
(475 to 723)

51 more per 1,000 
(59 fewer to 188 

more)

RR 1.096 
(0.889 to 1.352)

Sputum culture conversion at 6 months (assessed with: Trial 
213; MITT population; MGIT)j

861 per 1,000 876 per 1,000 
(799 to 960)

15 more per 1,000 
(63 fewer to 99 more)

RR 1.017 
(0.927 to 1.115)

QTcF prolongation greater than or equal to 30 and less than 
60 milliseconds in children aged 0–2 years (assessed with: 
Trial 232; added in June 2021)

In children aged 0–2 years, no children experienced QT prolongation greater than 
or equal to 60 milliseconds and above. There were 5 (of 12: 41.7%) children who 
experienced QT prolongation greater than or equal to 30 milliseconds and less than 
60 milliseconds. No child aged 0–2 years exceeded the threshold for QT (i.e. greater 
than or equal to 440msec) or approached what some consider the upper limit for 
children (i.e. greater than or equal to 460 msec). 

The GDG discussion focused on adverse 
events, including those related to the 
central nervous system and cardiac 
toxicities. The GDG also noted that drug-
drug interactions were limited in the trial.
Cardiac safety signals
No cardiac safety signals distinct from 
those reported in adults were observed 
in children 0–2 years of age; however it 
was noted that children in this age group 
received sub-therapeutic concentrations. 
Subsequently, the sponsor conducted a 
modelling study whereby increased and 
therapeutic doses were not associated 
with an increased risk of cardiac toxicity 
over and above what would be cardiac 
toxicities when observed in older children 
and adults.
Central nervous system effects
Central nervous system (CNS) effects 
(paraesthesia, tremors, anxiety, depression, 
and insomnia) were already included in 
the delamanid product label for both 
adults and children as important potential 
safety concerns for the drug. An additional 
safety signal linked to hallucinations was 
recently reported by the sponsor, which 
will prompt an update of the delamanid 
label. The signal has been more prevalent 
in children (versus adults) with 15 reports 
in 14 children between 2 and 16 years of 
age in Tajikistan, Philippines, South Africa, 
India and Ukraine. Children experiencing 
these side effects included some with 
severe forms of TB (MDR/XDR-TB) treated 
with delamanid under programmatic 
conditions (12 reports) as well as children 
enrolled in a clinical trial studying 
delamanid for TB prevention (3 reports). 
7 out of the 15 reports were for children 
on concomitant use of cycloserine (under 
programmatic conditions).
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Evidence profile from the paediatric DR-TB IPD (2021) (off-label use of delamanid in 7 children aged under 3 years, used under programmatic 
conditions):

Outcomes  Regimens conforming to WHO 
guidelines without delamanid

With an all-oral treatment 
regimen containing delamanid Difference Relative effect 

(95% CI)

Death 59 per 1,000 0 per 1,000 
(0 to 0)

59 fewer per 1,000 
(59 fewer to 59 fewer)

not estimable

Treatment failure 4 per 1,000 0 per 1,000 
(0 to 0)

4 fewer per 1,000 
(4 fewer to 4 fewer)

not estimable

Loss to follow-up 107 per 1,000 0 per 1,000 
(0 to 0)

107 fewer per 1,000 
(107 fewer to 107 

fewer)

not estimable

Relapse 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable

Adverse events 0 per 1,000 0 per 1,000 
(0 to 0)

0 fewer per 1,000 
(0 fewer to 0 fewer)

not estimable

In 10 of these reports, clinicians in the field 
judged the event as serious. The signal 
was observed also after delamanid was 
stopped and then re-commenced. It was 
noted that it is plausible to observe such 
events in young children, considering their 
dynamic brain development. 
The GDG also noted that delamanid 
exposure is not dose dependent (7) and 
data from the trial in which delamanid 
was used for prevention suggested 
that there was no association between 
delamanid exposure and the occurrence 
of hallucinations. 
The GDG noted that identification of this 
safety signal in very young children might 
be challenging (to note that the sponsor 
does not report this signal in children 
below the age of 2 years), but this applies 
also to a broader range of symptoms that 
may be difficult to identify in very young 
children (e.g., hearing or visual loss). 
GDG members mentioned that in 
the pre-delamanid era, clinicians had 
observed hallucinations in children who 
inadvertently received higher doses of 
quinolones, or children on terizidone. No 
data on the long-term effects of this safety 
signal are available.
Considering that the risks and benefits 
(and balance of both) are very different 
for treating a child with severe forms of 
TB (i.e. MDR/RR-TB and XDR-TB) and with 
very limited treatment options, than they 
are for a healthy child at future risk of 
getting MDR-TB (i.e. where delamanid is 
used for prevention), the GDG concluded 
that the undesirable effects were small.

Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

The overall certainty of the evidence of effects is very low.
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on values. Even though no studies were included 
on values, the GDG judged that there is 
probably no important uncertainty or 
variability in how much people value the 
main outcomes. 

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ Don’t know

The GDG determined that the balance 
between desirable and undesirable effects 
was such that it probably favours the 
intervention.
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs 

and savings
○ Moderate 

savings
○ Large savings
  Varies
○ Don’t know

There were no included studies on resources required. 
A qualitative study conducted using in depth-interviews of adolescent patients, guardians (of children and adolescents with DR-TB) and health care 
providers (8) provided some insights in patient-related costs. All children and adolescent patients included in the study (either as participants or their 
guardians, n = 10) received DR-TB treatment including bedaquiline (BDQ) and/or delamanid (DLM). Six had a history of previous TB treatment, and all of 
them received an injectable during previous TB treatment. In the current treatment regimen, six received injectable. Of these six, three patients received 
injectable both during current and previous treatment. Only one patient (aged 3 years) did not have exposure to an injectable. All ten patients received 
clofazimine while seven were on cycloserine during the treatment. The median (min-max) duration of treatment in patients who completed treatment at 
the time of interview (n = 5) was 21 (20–22) months.
The study described that caregivers mentioned expenses incurred in previous TB treatment episodes which led to significant financial loss to the families.
With regards to patient / household costs, among 14 countries that reported disaggregated data from national TB patient cost surveys, the pooled 
average of catastrophic costs for the household was 44% (95% CI: 31–58%) for drug-susceptible TB and 80% (95% CI: 70–90%) for drug-resistant TB (1). 
Comparative costs for the individual drugs used in children (based on the latest GDF catalogue, child-friendly formulation if available) for a child 
weighing 15 kg for 1 month of treatment include (order as per WHO drug grouping): 

Medicine Dosage Formulation Number of 
units per month

Price per 
pack (USD)

Pack 
size

Price per 
unit (USD)

Total cost 
per month Remarks

Group A:

Levofloxacin 15-20mg/kg 100mg dt 90 12.41 100 0.124 11.17

Moxifloxacin 10-15mg/kg 100mg dt 60 19.90 100 0.199 11.94

Bedaquiline 20 mg (dt) 140 25.53 60 0.426 59.57 Intensive phase dose (first 2 weeks)

Bedaquiline 20mg (dt) 60 25.53 60 0.426 25.53 Maintenance dose (per month)

Bedaquiline * 100 mg 28 340.00 188 1.809 50.64 Intensive phase dose (first 2 weeks)

Bedaquiline * 100 mg 12 340.00 188 1.809 21.70 Maintenance dose (per month)

Linezolid 15mg/kg 600mg tab 30 38.91 100 0.389 11.67 Assuming left over fractions need to be discarded

Group B:

Clofazimine 2-5mg/kg 50mg cap 15 49.12 100 0.491 7.37

Cycloserine 15-20mg/kg 125mg minicaps 60 45.00 100 0.45 27.00

Group C:

Ethambutol 15-25mg/kg 100mg dt 90 25.00 100 0.25 22.50

Delamanid 50mg tab 60 1700.00 672 2.53 151.79 Needs to be discarded after splitting 

Delamanid 25mg dt 60 unknown unknown unknown unknown

Pyrazinamide 30-40mg/kg 150mg dt 90 14.94 100 0.149 13.45

Amikacin 15-20mg/kg 500mg/2 mL sol for inj 15 58.75 100 8.81

Ethionamide 15-20mg/kg 125mg dt 60 13.00 100 0.13 7.80

PAS (Na salt) 200-300mg/kg 4g sachet 30 33.00 25 1.32 39.60 in 2 divided doses

INH 15-20mg/kg 100mg dt 60 9.91 100 0.099 5.95

* GDF offers a discount of 20% on bedaquiline 100mg orders in 2021

ASSUMPTIONS:
Considering 1 month = 30 days (average)
When price ranges is provided, the lowest is considered for the calculation

Other costs to be considered include health system costs, cost related to the duration of regimens with bedaquiline versus other drugs, patient-related costs.

The GDG noted that delamanid 25 mg 
dispersible tablets are available (as of 
June 2021) from the sponsor through 
Compassionate Use. The sponsor 
expects marketing authorization of this 
formulation by the end of 2021. The 
cost of a six-month course of the adult 
(50 mg tab) formulation is 1,700 USD 
(GDF catalogue). The cost of the paediatric 
formulation (25 mg dispersible tablet) is 
not yet known.
Even though there were no included 
studies on resources required, the GDG 
concluded that resources required would 
vary, depending on the specific country 
context.

Same table as p 58 

but top/bottom 

insets shrunk, etc.
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ No included 

studies

There were no included studies on cost effectiveness. Despite the lack of evidence on cost-
effectiveness, the GDG judged that 
cost-effectiveness probably favours the 
use of delamanid in children under the 
age of three years.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

There were no included studies on equity.
The qualitative study involving in depth-interviews of adolescent patients, guardians (of children and adolescents with DR-TB) and health care 
providers (8) reported the following: 
“Healthcare providers mentioned that female children did not seem to receive equal care as male children, but caregivers and patients did not describe 
that. Caregivers were concerned about future of girl child after treatment, especially about her marriage. They did not prefer to disclose about DR-TB 
disease to prospective groom’s family.” “Low awareness about TB in family and neighbourhood contributed to discrimination and stigma for patients in 
the community (including schools). Caregivers and patients mentioned that patients went to school without masks fearing discrimination.”

Although no studies on equity were 
identified, the GDG judged that equity 
would probably increase as effective, all-
oral options for treating MDR/RR-TB in 
younger children become more widely 
available. 
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

There were no included studies on acceptability. 
However, a qualitative study was conducted using in depth-interviews of adolescent patients, guardians (of children and adolescents with DR-TB) and 
health care providers (8). All children and adolescent patients included in the study (either as participants or their guardians, n = 10) received DR-TB 
treatment including bedaquiline (BDQ) and/or delamanid (DLM). Six had a history of previous TB treatment, and all of them received an injectable 
during previous TB treatment. In the current treatment regimen, six received injectable. Of these six, three patients received injectable both during 
current and previous treatment. Only one patient (aged 3 years) did not have exposure to an injectable. All ten patients received clofazamine while 
seven were on cycloserine during the treatment. The median (min-max) duration of treatment in patients who completed treatment at the time of 
interview (n = 5) was 21 (20–22) months.
The authors found that receiving second-line injectables during treatment was the most painful experience for patients and guardians. “Patients and 
care-givers expressed moments of soreness and bleeding at the injection site when the patients received injectable every day. The experiences with 
injectable haunted the patients even after their treatment finished.” The pill burden was perceived as large: “Patients and caregivers complained about 
the multiple drugs patients had to take in a day. Healthcare providers described that the drugs given for adverse events during DR-TB treatment 
increased the pill burden of DR-TB medications, thus patients had to take around 15–20 pills per day. Guardians and DOT providers felt it took a lot of 
time for patients to take their pills, especially children of younger age group (0–5 years). Pill burden also increased as paediatric formulations were not 
available for many drugs. The mere sight of multiple drugs made them feel nauseous.” Adverse events were also common: “Patients and caregivers 
complained about adverse events during DR-TB treatment. Difficulty in hearing was mentioned due to injectables while other adverse events mentioned 
due to DR-TB medications were difficulty in vision, pain in legs, skin colour darkening, nausea and vomiting during treatment.”
Other findings included:
Participants felt a two-year treatment duration for DR-TB was too long 
Adverse events, e.g. skin darkening (clofazimine), anger and irritability (cycloserine) were noted
Loneliness and disrupted social life (including school, college, playing with friends) due to DR-TB disease treatment, fear of TB transmission to others
Changes in treatment regimens including non-injectable, palatable, child-friendly formulations, were recommended for developing child and adolescent-
friendly care for patients during DR-TB treatment. 
The 2020 WHO consolidated guidelines on DR-TB treatment (9) state that the avoidance of an injectable-containing regimen is particularly desirable 
in children. Shortening the total treatment duration to less than 18 months may be considered in the case of children without extensive disease. These 
aspects have implications for acceptability. 

Even though no studies on acceptability 
were identified, the GDG judged that 
the use of delamanid would probably be 
acceptable to all key stakeholders.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

There were no included studies on feasibility.
The WHO consolidated DR-TB guidelines (2020) (9)recommended the use of delamanid in children aged 3 years and above. Delamanid exposure is 
achieved with the dispersible 25 mg tablet tested in the trial in children aged 3–5 years; the dispersible formulation is currently available for children 
under compassionate use and an application is in progress for inclusion in the WHO Essential Medicines List for children (EMLc), with EMA approval 
expected soon. Bioavailability of delamanid may be altered when the adult 50 mg tablet is split, crushed or dissolved. There are also concerns that the 
adult tablet may shatter if attempts are made to split it, and its contents are exceedingly bitter and unpalatable. The tablets are normally susceptible to 
oxidation and heat; thus, retaining pill fragments for use at any time other than the time of administration is likely to result in the delivery of lower than 
expected active compound and unspecified oxidation by-products. 

Even though no specific studies were 
identified on feasibility, the GDG judged 
that the use of delamanid in children 
of all ages would probably be feasible, 
especially as the child-friendly formulation 
of delamanid is expected to become 
available before the end of 2021. This 
judgement also considered the fact that 
adult tablets cannot be split, crushed 
or dissolved to ease administration in 
children without potentially altering their 
bioavailability.
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SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○   ○ 

CONCLUSIONS

Recommendation
In children with MDR/RR-TB aged below 3 years delamanid may be used as part of longer regimens (conditional recommendation, very low certainty of evidence).

Remarks:
This recommendation complements the current WHO recommendation on longer regimens that contain delamanid:
Delamanid may be included in the treatment of MDR/RR-TB patients aged 3 years or more on longer regimens (conditional recommendation, moderate certainty in the estimates of effect). 
Children of all ages treated with delamanid need to be closely monitored throughout the treatment duration.
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Justification
To answer the PICO question on the use of delamanid in children under the age of three years, data were reviewed by the GDG from a phase I, open-label, age de-escalation trial designed to assess the PK, safety, and 
tolerability of delamanid administered twice daily for 10 days in children with MDR/RR-TB on treatment with an optimized background regimen (protocol 242–12–232) and from the corresponding open-label extension 
study (protocol 242–12–233). Data from cohorts 1 (age 12–17 years), 2 (age 6–11 years), 3 (age 3–5 years) and 4 (age 0–2 years) for both protocols were reviewed. Exposures in the 0–2 year age group were lower than 
those of patients aged 3 years and older, necessitating a modelling/simulation approach to dosing. No cardiac safety signals distinct from those reported in adults were observed in children 0–2 years of age. However, 
these findings were based on the fact that children received lower drug exposures comparable to adults. Pharmacodynamic simulations suggested that clinically meaningful changes in QT (i.e., prolongation) would be 
unlikely in children under 3 years of age, even if higher doses were used to reach drug exposures comparable to those achieved in adults. 
Central nervous system (CNS) effects were included in the delamanid label for both adults and children (paraesthesia, tremors, anxiety, depression, and insomnia) as important potential safety concerns for the drug. 
In March 2021, the study sponsor released a statement of intent to modify labelling to include hallucinations as an adverse reaction. This new safety signal has been more prevalent in children (versus adults) with 15 
reports in 14 children between 2 and 16 years of age in Tajikistan, Philippines, South Africa, India and Ukraine. Children experiencing this safety signal included some with severe forms of TB (MDR/XDR-TB) treated with 
delamanid under programmatic conditions (12 reports) as well as children enrolled in a clinical trial studying delamanid for TB prevention (3 reports). 7 out of the 15 reports were for children on concomitant use of 
cycloserine (under programmatic conditions). The GDG noted the importance of side effects involving the central nervous system (CNS) in young children, considering their dynamic brain development. 
In addition to the data from the trials, data from a paediatric drug resistant (DR)-TB IPD were analysed descriptively (24,231 records from all six WHO regions, the majority from India and South Africa). Just under twenty 
thousand of these records were used for a matched analysis of treatment outcomes in children being treated for DR-TB. The paediatric DR-TB IPD included only 7 children aged below 3 years treated with delamanid, 14 
children aged 3–6 years, and 69 children aged 6–12 years. All 7 children aged below 6 years were successfully treated. The number of patients was insufficient for a matched analysis. 
The GDG noted that when the delamanid phase II trial was started, many of the companion drugs in the optimized background regimen were not widely available (e.g., linezolid and moxifloxacin). By the time the phase 
III trial started, linezolid and moxifloxacin became much more accessible, which meant that the optimized background regimens in the trial were likely more effective, making it more difficult to prove the added effect 
of a drug (i.e., delamanid) in the intervention regimen. The GDG concluded that the desirable effects are small. The GDG discussion around the undesirable effects focused on adverse events, including those related to 
the central nervous system and cardiac toxicities, including the newly reported adverse event of hallucinations which was of some concern to GDG members given the period of brain development in children. The GDG 
determined that the balance between desirable and undesirable effects was such that it probably favours the intervention. They considered that the risks and benefits (and balance of both) are very different for treating 
a child with severe forms of TB (i.e. MDR/RR-TB and XDR-TB) and with very limited treatment options, than they are for a healthy child at future risk of getting MDR-TB (i.e. where delamanid is used for prevention), the 
GDG concluded that the undesirable effects were small. The GDG noted that the 25mg dispersible tablet will be available in the future and concluded that the resource implications might vary. Delamanid containing 
longer treatment regimens were thought to potentially increase equity and be acceptable to stakeholders. In addition, the GDG judged that the use of delamanid in children of all ages would probably be feasible, 
especially as the child-friendly formulation of delamanid is expected to become available before the end of 2021. This judgement also considered the fact that adult tablets cannot be split, crushed or dissolved to ease 
administration in children without potentially altering their bioavailability.

Subgroup considerations
Extrapulmonary TB: The use of delamanid in patients with extra-pulmonary MDR-TB may be considered (as longer regimens are used for patients with extra pulmonary TB), extrapolating from the data in patients with 
pulmonary TB, however the data from the delamanid trials has been among children with pulmonary MDR/RR-TB.
Children living with HIV: Children living with HIV were not enrolled in trials 242–12–232 and 233. Although evaluated in healthy adult volunteers, reports from antiretroviral drug-drug interaction (DDI) studies 
suggest that the CYP3A4 inhibitor lopinavir/ritonavir increases delamanid total body exposure up to 25% [GMR: 1.22 (90% CI 1.06,1.40)] (10). This increase is not clinically relevant and does not necessitate any dose 
adjustments. No change in delamanid exposure was observed with co-administration of either tenofovir [GMR: 0.96 (90% CI 0.84,1.10)], a CYP1A2 inhibitor, or efavirenz [GMR: 0.94 (90% CI 0.72,1.23)], a weak CYP3A4 
inducer. Delamanid does not affect plasma exposure of the ARV drugs tenofovir, lopinavir/ritonavir, or efavirenz (11). No drug interaction studies of delamanid together with integrase inhibitors have been performed, 
but based on knowledge of metabolic pathways, the risk of metabolic drug interaction potential is expected to be low (12). Therefore, based on available evidence, delamanid can be given to CLHIV with MDR/RR-TB on 
antiretroviral treatment (ART) regimen without dose adjustments. 
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Implementation considerations
Delamanid has been in use for adults and adolescents since 2014 and for older children since 2016/2019 and therefore the implementation considerations related to its use in children below three years of age are an 
extension of those currently in place. The main implementation considerations specifically applicable to this age group are dosing based on the availability of the 25mg dispersible formulation and the neuropsychiatric 
side effects. 
In the trial, delamanid exposure was achieved with the dispersible 25 mg tablet tested in children aged 3–5 years. Bioavailability of delamanid may be altered when the 50 mg adult tablet is split, crushed or dissolved. 
There are also concerns that the adult tablet may shatter if attempts are made to split it, and its contents are exceedingly bitter and unpalatable. The tablets are susceptible to oxidation and heat; thus, retaining pill 
fragments for use at any time other than the time of administration is likely to result in the delivery of lower-than-expected active compound and unspecified oxidation by-products. The content of broken 50 mg tablets 
have also been noted to be bitter and unpalatable. The child-friendly formulation of delamanid (25 mg dispersible tablet, unscored) is available via Compassionate Use and is expected to become available on the 
market in the last quarter of 2021 or the first quarter of 2022. An application to include the 25 mg dispersible tablet in the WHO Essential Medicines List for children, EMLc, was assessed in 2021. Children in the 0–2 year 
old cohort in study 242–12–233 were administered a 5 mg paediatric dispersible formulation that is not expected to be commercialized. There has been no direct bioequivalence comparison for the 5 mg paediatric 
formulation and the 50 mg adult tablet. In a crossover bioequivalence (BE) study, neither Cmax [90%CI GMR 0.701,0.809] nor AUC [90%CI GMR 0.775,0.909] satisfied the criteria for BE as specified by regulatory 
agencies. As such, the formulations are not interchangeable. Substituting the adult formulation for the paediatric formulation will result in higher delamanid exposures than would be expected from the paediatric 
formulation (9).
Dosing guidance for the use of delamanid in children below 3 years of age will be provided in the operational handbook, based on an expert consultation on dosing that will be conducted after the GDG meeting. The 
guidance will take into account the upcoming availability of the 25mg dispersible delamanid formulation. 
Bioavailability of delamanid was optimized in the trials by administering delamanid with a high-fat meal, therefore administration of delamanid with food is an important aspect to consider for practical implementation. 
In neonates there are higher feeding frequencies, which aligns well with the goal of administering with higher-fat content. However, buffering capacity increases with increased feeding frequency, and delamanid solubility 
drops as pH goes above 4. In order to maximise delamanid bioavailability, the drug should administered with a high-fat meal, if possible. 
Evidence-based guidance on how to construct optimal treatment regimens in children with MDR/RR-TB (which drugs based on WHO recommended drug classification as well as optimal treatment duration) who are not 
eligible for shorter, all-oral regimens will be provided in the operational handbook, based on the analysis of the IPD, considering age, resistance patterns in the child or most likely source case, extent of TB disease and 
specific background settings. 
Shortening the total treatment duration to less than 18 months may be considered in the case of children without extensive disease (9). Extensive (or advanced) TB disease refers to the presence of bilateral cavitary 
disease or extensive parenchymal damage on chest radiography. In children aged under 15 years, advanced disease is usually defined by the presence of cavities or bilateral disease on chest radiography. Severe 
extrapulmonary TB refers to the presence of miliary TB or TB meningitis. In children aged under 15 years, extrapulmonary forms of disease other than lymphadenopathy (peripheral nodes or isolated mediastinal mass 
without compression) are considered as severe (adapted from Wiseman et al., 2012).
With regard to concurrent delamanid and bedaquiline use, evidence assessed by a GDG in November 2019 included new data on concurrent bedaquiline and delamanid use. The evidence was insufficient to allow the 
GDG to make a statement about the effectiveness of concurrent use of both medicines. However, the group concluded that the safety data assessed in 2019 suggest there are no additional safety concerns with regard 
to the concurrent use of bedaquiline and delamanid. Therefore, bedaquiline and delamanid may be used in patients who have limited options for other treatment; that is, for patients with a small number of other 
effective drugs included in their regimen, probably due to an extensive drug-resistance profile or intolerance to other second-line TB medications. Appropriate schedules of safety monitoring (at baseline and throughout 
treatment) should be in place for these patients, including ECG and electrolyte monitoring, and clinicians should be cognizant of other medicines in the regimen that can either prolong the QT interval or cause other 
potential adverse events. The available evidence of delamanid use is currently limited to the on-label 6 months duration alongside other medicines in a longer regimen; prolongation beyond 6 months can be considered 
on a case-by-case basis (9). 

Monitoring and evaluation
In children, smear and culture monitoring of the response to treatment may be challenging, for the same reasons it is difficult to obtain a bacteriological confirmation of the diagnosis. In children with a bacteriologically 
confirmed diagnosis, all reasonable efforts should be taken to demonstrate bacteriological conversion. Once cultures have become negative or in children who never had a confirmed diagnosis, repeated respiratory 
sampling may not be useful if the child is otherwise responding well clinically. Resolution of clinical symptoms and weight gain can be used as indicators of improvement. All children should have regular clinical 
follow-up, including weight and height monitoring. Drug dosages should be adjusted with weight gain, as needed.
The risk of emergence of resistance to delamanid should be a key consideration when the drug is being used, and appropriate DST should be conducted. 
No cardiac safety signals distinct from those reported in adults were observed in children 0–2 years of age; however, these are largely based on subtherapeutic concentrations. Given that evaluation of QTc prior to 
administration of delamanid may not always be feasible, it may be important to adapt risk mitigation strategies when administering delamanid in combination with other agents that prolong QTc (e.g., electrolytes 
are stable). Monitoring the emergence of neuropsychiatric effects in children treated with delamanid – both those who are admitted to hospitals, as well as those that are treated in households – will be of utmost 
importance. Therefore, active TB drug safety monitoring and management systems must be functional in order to conduct active monitoring of adverse events and to detect, manage, and report suspected or confirmed 
drug toxicities in a timely manner.
Recording and reporting of details on the diagnosis, treatment regimens, clinical monitoring and treatment outcomes of children and adolescents with MDR/RR-TB is important to monitor the programmatic 
implementation of newly recommended regimens as well as efforts to improve case finding of children with DR-TB. 
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Research priorities
In the process of summarizing the available evidence, the reviews undertaken for this update revealed a number of gaps in current knowledge about critical areas for the use of delamanid in children of all ages:
Data on long-term safety and side effects of delamanid, especially related to neuropsychiatric safety signals;
Studies aimed at optimizing dosing of delamanid in children (some studies are already ongoing, such as IMPAACT P2005, a phase I/II Open-label, Single-Arm Study to Evaluate the Pharmacokinetics, Safety, and 
Tolerability of Delamanid in Combination with Optimized Multidrug Background Regimen (OBR) for Multidrug-Resistant Tuberculosis (MDR-TB) in HIV-infected and HIV-uninfected Children with MDR-TB)
Specific cost-effectiveness studies on the use of delamanid in children; 
Studies exploring mechanisms of acquisition of resistance to delamanid and genetic markers to identify resistance.
Studies exploring the optimisation of the duration of delamanid use in children.
Studies exploring the concomitant use of bedaquiline and delamanid in children
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Table 5. Should a 6-month intensive regimen vs. a 12-month regimen be used for 
children and adolescents aged below 20 years with presumed or bacteriologically 
confirmed drug-susceptible TB meningitis?

POPULATION: Children and adolescents aged below 20 years with presumed or bacteriologically confirmed drug-susceptible TB meningitis

INTERVENTION: A 6-month intensive regimen

COMPARISON: A 12-month regimen

MAIN OUTCOMES:
Death; Loss to follow-up ; Treatment success; Disability/sequelae/neurodevelopmental outcomes; Treatment failure; Relapse; Adverse events; Treatment adherence; Survival 
without neurological sequelae; Death (overall); Loss to follow-up; Treatment success (overall); Disability/sequelae/neurodevelopmental outcomes; Survival without neurological 
sequelae;

SETTING: Global 

PERSPECTIVE: Clinical and public health perspectives 

BACKGROUND:

TB meningitis (TBM) is the most serious and the second most common form of extrapulmonary tuberculosis in children and adolescents. Without timely diagnosis and treatment 
TBM is fatal and even when treatment is provided, treatment outcomes are poor. In a systematic review and meta-analysis published in 2014, the risk of death for children aged 
0–14 years with TBM was estimated at 19.3% and the risk of neurological sequelae among TBM survivors was estimated at 36.7% (1). Diagnosis in the most advanced clinical 
stage, which occurred in almost 50% of patients, was associated with worse outcomes. The optimal treatment regimen for drug-susceptible TBM in children and adolescents is 
unknown due to a lack of clinical trials in this area. WHO currently recommends a regimen of twelve months, consisting of isoniazid, rifampicin, ethambutol, and pyrazinamide 
given daily for the first two months, followed by isoniazid and rifampicin given daily for ten additional months (2HRZE/10HR). Recommended doses are the same as those for 
pulmonary TB (considering use of the maximum recommended range) (2). 
The recommendation on the use of the 12-month regimen was based on a literature review by Donald (2009) and was first included in the 2010 Rapid Advice: treatment of TB 
in children (3). This review included 46 studies addressing efficacy of different drug regimens and dosages for the management of TBM (25 with paediatric data and 21 with data 
on both adults and children) (4). The majority of these were non-randomized, non-comparative studies. The quality of the studies ranged from low to very low, with the study 
designs open to a number of sources of bias given lack of randomization, lack of blinding, as well as lack of comparators. No clear conclusions could be drawn from the efficacy 
studies, given they differed widely in terms of design, drugs used and patient populations. None of the studies from this review were entered into GRADE, given the lack of 
comparative data. 
Shorter regimens for paediatric TBM are used in some settings. The South African National TB Guidelines recommend daily isoniazid, rifampicin, pyrazinamide, and ethionamide 
for six months (6HRZEto). Ethionamide has good penetration of the blood-brain barrier (5). In the United States, the American Academy of Pediatrics recommends a regimen 
duration between nine and twelve months, consisting of two months of daily isoniazid, rifampicin, pyrazinamide, and either ethionamide, amikacin, or kanamycin for the first two 
months, followed by isoniazid and rifampicin daily or intermittently for seven to ten months (2HRZEth/7–10HR, 2HRZAmk/7–10HR, or 2HRZKm/7–10HR). The recommendations 
in South Africa and the United States are based on expert opinion, in particular with regards to replacing ethambutol with medicines that have more efficient blood-brain barrier 
penetration. A clinical trial is underway to compare a regimen consisting of higher-dose isoniazid, higher-dose rifampicin, pyrazinamide, and levofloxacin given daily for six 
months against the WHO-recommended regimen, but results are not expected until 2023. 
Shorter regimens may be as effective and safe and they may improve adherence and reduce the burden on patients and healthcare systems, but it is not known how outcomes 
compare between these regimens and the WHO-recommended twelve-month regimen. To inform recommendations on the treatment for child and adolescent TBM, a 
systematic review and meta-analysis was conducted to compare the effectiveness of shorter regimens versus the current WHO-recommended twelve-month regimen. The 
primary intervention of interest was the South African regimen; in secondary analyses, outcomes associated with other shorter regimens were examined. 

CONFLICT OF INTERESTS: None
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ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Following infection by M. tuberculosis, young children are at high risk of developing the most severe forms of disease, of which the most devastating 
form is tuberculous meningitis (TBM). This predominantly affects young children with a peak age of onset of two to four years (6). Up to 15% of 
childhood TB may present as TBM (7) and, with a decreasing incidence of bacterial meningitis attributed to other causes, TB is the leading cause of 
bacterial meningitis in many settings (8). TBM is associated with significant mortality and morbidity: 19% of children die and around 37% of survivors 
have neurological sequelae (1). Even in children without severe neurological sequelae, attention deficit and behavioural disorders are common and the 
human cost and financial burden for families and society are high. 
Shorter regimens for paediatric TBM are used in some settings. The South African National TB Guidelines recommend daily isoniazid, rifampicin, 
pyrazinamide, and ethionamide for six months (6HRZEto). Ethionamide has good penetration of the blood-brain barrier (4). In the United States, 
the American Academy of Pediatrics recommends a regimen duration between nine and twelve months, consisting of two months of daily isoniazid, 
rifampicin, pyrazinamide, and either ethionamide, amikacin, or kanamycin for the first two months, followed by isoniazid and rifampicin daily or 
intermittently for seven to ten months (2HRZEth/7–10HR, 2HRZAmk/7–10HR, or 2HRZKm/7–10HR). The recommendations in South Africa and the 
United States are based on expert opinion, in particular with regards to replacing ethambutol with drugs that have more efficient blood-brain barrier 
penetration. A clinical trial is underway to compare a regimen consisting of higher-dose isoniazid, higher-dose rifampicin, pyrazinamide, and levofloxacin 
given daily for six months against the WHO-recommended regimen, but results are not expected until 2023. 
Shorter regimens may be as effective and safe and may improve adherence and reduce the burden on patients and healthcare systems, but it is not 
known how outcomes compare between these regimens and the WHO-recommended twelve-month regimen. 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
○ Moderate
○ Large
  Varies
○ Don’t know

The desirable effects are treatment adherence and treatment success (which equates to survival), however many children who are successfully treated 
and who are alive at the end of treatment may have sequelae of varying severity. 

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect 

(95% CI)

№ of 
participants 

(studies)

Certainty 
of the 

evidence 
(GRADE)

CommentsRisk with a 
12 month regimen

Risk with a 6-month 
intensive regimen

Death 6-month regimen (3 studies): 59/724 
(5.5%; 95% CI: 2.1–13.4) 

12-month regimen (3 studies): 69/282 
(23.9%; 95% CI: 17.5–31.7) 

a

- (6 observational 
studies)b

 
VERY LOWc,d,e,f

Loss to follow-up 6-month regimen (3 studies): 66/724 
(0.3%; 95% CI: 0.0–51.3) 

12-month regimen (2 studies): 1/144 
(0.6%; 95% CI: 0–24.1) 

a

- (5 observational 
studies)g

 
VERY LOWc,e,h,i

Treatment success (Treatment 
success)

6-month regimen (3 studies): 599/724 
(94.6%; 95% CI: 73.9–99.1) 

12-month regimen (3 studies): 212/282 
(75.4%; 95% CI: 68.7–81.1) 

a

- (6 observational 
studies)j

 
VERY LOWc,e,f,k

Disability/sequelae/
neurodevelopmental outcomes

6-month regimen (3 studies): 393/599 
(66.0%; 95% CI: 55.3–75.3) 

12-month regimen (3 studies): 77/212 
(36.3%; 95% CI: 30.1–43.0) 

a

- (6 observational 
studies)l

 
VERY LOWc,e,m,n

Treatment failure – not reported - - - - -

Relapse – not reported - - - - -

Adverse events – not reported - - - - -

Treatment adherence – not reported - - - - -

Survival without neurological 
sequelae

6-month regimen (3 studies): 206/724 
(29.9%; 95% CI: 20–41) 

12-month regimen (3 studies): 135/282 
(48%; 95% CI: 42–54) 

a

- (6 observational 
studies)o

 
VERY LOWc,e,n,p

The views about the desirable effects 
varied among GDG members who 
described it as moderate, small, varies or 
‘don’t know’. A small or moderate benefit 
was chosen by some GDG members 
to reflect potential benefits such as 
improved treatment success and reduced 
mortality, however due to the very low 
certainty of the data and the difficulty with 
comparisons, some GDG members chose 
‘don’t know’ or ‘varies’. Ultimately the 
panel settled for ‘varies’. 
Some GDG members commented that 
they found it difficult to establish a 
direct causal relationship between the 
regimen and the outcomes given that 
there are many factors that may impact 
on a successful outcome for a child 
with TB meningitis, including delays to 
diagnosis, clinical management including 
management of hydrocephalus, raised 
intracranial pressure, ischaemia/ infarct, 
electrolyte levels and other factors. The 
measurement of outcomes at different 
time points was also something that 
the GDG considered difficult in terms of 
making a comparison, as some children 
who survive the six month regimen may 
in fact die later. However, there were 129 
patients who received the intervention 
regimen who were followed up over a 
period of two years with no deaths nor 
relapses. 
The GDG members also discussed that 
the intervention regimen has biological 
plausibility as it uses higher drug doses 
than the comparator regimen (particularly 
for isoniazid and rifampicin) and 
includes ethionamide as a substitute for 
ethambutol, which has better cerebro-
spinal fluid (CSF) penetration than 
ethambutol. 
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Pooled proportions were estimated from a generalized linear mixed model using Gauss-Hermite quadrature.
Denominator for this outcome is the number of children starting treatment for tuberculous meningitis.
No head-to-head comparison of treatment regimens is available; different regimens were used in different contexts/populations, thus generating 
potential applicability concerns.
Proportions for death were similar amongst studies of 6-month regimens, but there was heterogeneity in studies of 12-month regimens
Not assessable as no comparative data
Overall risk of bias is deemed very serious across studies because of the non-comparative nature of the study design (i.e. all studies are single-arm), the 
high potential for confounding by indication, issues of residual confounding (e.g. stratification by age subgroups not possible). Furthermore, adherence 
to treatment is not reported in most studies.
Denominator for this outcome is the number of children starting treatment for tuberculous meningitis. The numerator was computed by subtracting 
the number of patients who died and the number of patients who were known to be alive and with completed treatment from the number of children 
starting treatment. 
Important between-study heterogeneity is observed amongst studies of 6-month regimen. This is mainly due to the fact that, 53/724 patients from 
one study were not assessed at the end of treatment. However, these patients were likely alive and had likely completed treatment. In the absence of 
information, this group of 53 patients was considered as lost to follow-up for the purpose of this analysis. 
Overall risk of bias is deemed very serious across studies because of the non-comparative nature of the study design (i.e. all studies are single-arm), the 
high potential for confounding by indication, issues of residual confounding (e.g. stratification by age subgroups not possible). Furthermore, adherence 
to treatment is not reported in most studies. Misclassification of the outcome is very likely in one study of 6-month regimen in which 53/66 patients 
were counted as lost to follow-up although they were likely alive and had completed treatment; however this information was not recorded and thus the 
treatment outcome could not be properly ascertained.
Treatment success was estimated as the proportion of children who survived and were not lost to follow-up. Denominator for this outcome is the 
number of children starting treatment for tuberculous meningitis. 
Between-study heterogeneity in the estimates of treatment success is observed amongst studies of 6-month regimen. This observation mainly reflects 
the fact that treatment outcome could not be assessed in 53/554 patients from one study.
Denominator for this outcome is number of individuals who were known to be still alive by the end of treatment.
Important between-study heterogeneity in estimates of survivors with neurological sequelae seen amongst 6- and amongst 12-month regimen studies
Overall risk of bias is deemed very serious across studies because of the non-comparative nature of the study design (i.e. all studies are single-arm), the 
high potential for confounding by indication, issues of residual confounding (e.g. stratification by age subgroups not possible). Furthermore, adherence 
to treatment is not reported in most studies. Potential risk of bias between arms due to differences in approaches to evaluating neurological sequelae 
across study sites.
Denominator for this outcome is number of children starting treatment for tuberculous meningitis. Numerator is the number of children who survived 
without neurological sequelae.
Proportions of children surviving without sequelae were similar amongst studies of 12-month regimens, but there was between-study heterogeneity 
amongst studies of 6-month regimen.

In adult trials lower isoniazid and 
rifampicin concentrations are associated 
with higher mortality lending additional 
evidence to the biological plausibility 
argument (9). The GDG members 
highlighted that the shorter duration of 
the regimen is an important desirable 
factor. They also noted that, apart from 
the duration, the difference with the 
comparator regimen is that all four 
medicines are used throughout the six 
months. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large 
○ Moderate 
○ Small 
○ Trivial 
    Varies 
○ Don’t know

The undesirable effects are death, treatment failure (if possible to measure), relapse, loss to follow up, adverse events and neurological sequelae 
(although the severity of neurological sequelae differs and death may be averted but children may live with lifelong neurological sequelae). 

Outcomes
№ of participants 

(studies) 
Follow up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with a 12- month 
regimen

Risk difference with 
a 6-month intensive 

regimen

Death 0 
(6 observational 

studies)a

 
VERY LOWb,c,d,e

- 6-month regimen (3 studies): 59/724 
(5.5%; 95% CI: 2.1–13.4) 

12-month regimen (3 studies): 69/282 
(23.9%; 95% CI: 17.5–31.7) 

f

Loss to follow-up 0 
(5 observational 

studies)g

 
VERY LOWb,d,h,i

- 6-month regimen (3 studies): 66/724 
(0.3%; 95% CI: 0.0–51.3) 

12-month regimen (2 studies): 1/144 
(0.6%; 95% CI: 0.0–24.1) 

f

Treatment success 0 
(6 observational 

studies)j

 
VERY LOWb,d,e,k

- 6-month regimen (3 studies): 599/724 
(94.6%; 95% CI: 75.4–99.1) 

12-month regimen (3 studies): 212/282 
(75.4%; 95% CI: 68.7–81.1) 

f

Disability/sequelae/neurodevelopmental 
outcomes

0 
(6 observational 

studies)l

 
VERY LOWb,d,m,n

- 6-month regimen (3 studies): 393/599 
(66.0%; 95% CI: 55.3–75.3) 

12-month regimen (3 studies): 77/212 
(36.3%; 95% CI: 30.1–43.0) 

f

Treatment failure – not reported - - - - -

Relapse – not reported - - - - -

Adverse events – not reported - - - - -

Treatment adherence – not reported - - - - -

Survival without neurological sequelae 0 
(6 observational 

studies)o

 
VERY LOWb,d,n,p

- 6-month regimen (3 studies): 206/724 
(29.9%; 95% CI: 20–41) 

12-month regimen (3 studies): 135/282 
(48%; 95% CI: 42–54) 

f

GDG members discussed that the 
undesirable effects of death, loss to follow 
up and disability also varied.
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Denominator for this outcome is the number of children starting treatment for tuberculous meningitis.
No head-to-head comparison of treatment regimens is available; different regimens were used in different contexts/populations, thus generating 
potential applicability concerns.
Proportions for death were similar amongst studies of 6-month regimens, but there was heterogeneity in studies of 12-month regimens
Not assessable as no comparative data
Overall risk of bias is deemed very serious across studies because of the non-comparative nature of the study design (i.e. all studies are single-arm), the 
high potential for confounding by indication, issues of residual confounding (e.g. stratification by age subgroups not possible). Furthermore, adherence 
to treatment is not reported in most studies.
Pooled proportions were estimated from a generalized linear mixed model using Gauss-Hermite quadrature.
Denominator for this outcome is the number of children starting treatment for tuberculous meningitis. The numerator was computed by subtracting 
the number of patients who died and the number of patients who were known to be alive and with completed treatment from the number of children 
starting treatment. 
Important between-study heterogeneity is observed amongst studies of 6-month regimen. This is mainly due to the fact that, 53/724 patients from 
one study were not assessed at the end of treatment. However, these patients were likely alive and had likely completed treatment. In the absence of 
information, this group of 53 patients was considered as lost to follow-up for the purpose of this analysis. 
Overall risk of bias is deemed very serious across studies because of the non-comparative nature of the study design (i.e. all studies are single-arm), the 
high potential for confounding by indication, issues of residual confounding (e.g. stratification by age subgroups not possible). Furthermore, adherence 
to treatment is not reported in most studies. Misclassification of the outcome is very likely in one study of 6-month regimen in which 53/66 patients 
were counted as lost to follow-up although they were likely alive and had completed treatment; however this information was not recorded and thus the 
treatment outcome could not be properly ascertained.
Treatment success was estimated as the proportion of children who survived and were not lost to follow-up. Denominator for this outcome is the 
number of children starting treatment for tuberculous meningitis. 
Between-study heterogeneity in the estimates of treatment success is observed amongst studies of 6-month regimen. This observation mainly reflects 
the fact that treatment outcome could not be assessed in 53/554 patients from one study.
Denominator for this outcome is number of individuals who were known to be still alive by the end of treatment.
Important between-study heterogeneity in estimates of survivors with neurological sequelae seen amongst 6- and amongst 12-month regimen studies
Overall risk of bias is deemed very serious across studies because of the non-comparative nature of the study design (i.e. all studies are single-arm), the 
high potential for confounding by indication, issues of residual confounding (e.g. stratification by age subgroups not possible). Furthermore, adherence 
to treatment is not reported in most studies. Potential risk of bias between arms due to differences in approaches to evaluating neurological sequelae 
across study sites.
Denominator for this outcome is number of children starting treatment for tuberculous meningitis. Numerator is the number of children who survived 
without neurological sequelae.
Proportions of children surviving without sequelae were similar amongst studies of 12-month regimens, but there was between-study heterogeneity 
amongst studies of 6-month regimen.

Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

The certainty of the evidence is very low. 
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on how much patients value the outcomes.
However, a qualitative exploratory study conducted in 2012 at Tygerberg Children’s Hospital in South Africa found that the general understanding of 
TBM was very limited and TB transmission was not clear to most caregivers (10). Caregivers reported that they never skipped medication as they were 
concerned about the effect on their child. Although the underlying mechanism was not well understood, caregivers had an average to high perceived 
understanding of the negative impact of non-adherence. 
Caregivers understood the severity of the disease. Emotive terms were used when asked to explain their understanding of TBM, for example “difficult”, 
“very dangerous”, “very worrying” and “a strong disease”. These experiences were a key factor in understanding the importance of adherence to TBM 
treatment. The period before diagnosis was experienced by most caretakers as emotionally distressing and many caretakers thought their child might 
die at some stage. For hospitalized children, caregivers would have had to travel daily for visits which would often be unaffordable. A home-based 
treatment programme gave caregivers the feeling of being able to contribute to the process of healing. They felt the medication was beneficial and 
would cure their child. They observed improvement, and witnessed the child was starting to feel better after initiation of treatment. 

The GDG agreed that there was probably 
no important uncertainty of variability 
in how much people would value the 
outcomes that were assessed including 
treatment success, mortality, loss to follow 
up and neurological sequelae.

Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

  Does not favor 
either the 
intervention or 
the comparison

○ Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ Don’t know

The GDG determined that the balance of effects was such that it did not favour either the intervention or the comparison. The GDG members discussed that there 
was some evidence of benefits of the 
intervention regimen and also evidence 
of biological plausibility, but they also 
noted the very low certainty of the data. 
The GDG members also highlighted that 
the decision on ‘does not favour either 
the intervention or the comparison’ 
reflects the decisions on the desirable and 
undesirable effects which both varied and 
the very low certainty of the evidence. 
Recognizing how quickly children with TB 
meningitis can deteriorate, GDG members 
were not comfortable favouring one 
regimen over the other based on very low 
certainty of the data. 
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs 

and savings
○ Moderate 

savings
○ Large savings
  Varies
○ Don’t know 

Treatment cost of the intervention (6HRZEto) and the comparator (2HRZE+10HR) regimens were calculated for 3 representative weights, namely: 
a) 12 kg
b) 21 kg
c) 40 kg
For the comparator regimen, daily dosing calculations for children weighing <25 kg were calculated according to the dosing recommendations in the 
2014 guidelines for national tuberculosis programmes on the management of tuberculosis in children. Whereas for adults the dosing calculation for 
children weighing ≥25 kg corresponded to the dosing recommendations for adults. 
Calculations for the intervention regimen, for all age groups, were based on the proposed adapted dosing schedule of the South African regimen, using 
the currently available child-friendly FDC for HR (75/50mg). Until recently the regimen was implemented using the HR 60/60 FDC, which is no longer 
available in South Africa (nor from the Stop TB Partnership’s Global Drug Facility – GDF). 
Child-friendly formulations (FDCs or standalone, dispersible formulations) were considered for case a) and b), while for c), the calculation was done using 
adult formulations (e.g., RH, 150/75 and ethionamide 250 mg). The assumption was that child-friendly formulations are widely available and used.
Prices of each drug were calculated from the Stop TB Partnership’s GDF catalogue (as of May 2021) and when a price range was given, the lowest price 
was taken into account.
Comparative prices:

Example Assumption COMPARATOR (2HRZE+10HR) INTERVENTION (6HRZEto) Price difference

12 kg FDCs and standalone are all child-friendly 97.452 USD 161.316 USD + 63.864 USD

21 kg FDCs and standalone are all child-friendly 129.936 USD 186.696 USD + 56.76 USD

40 kg FDCs and standalone are all adult ones 55.728 USD 94.4856 USD* + 38.76 USD

* or 130.8456 USD using the child friendly HR formulation to allow for better dosing of H and R

The GDG discussed that the available data 
on costs reflect the costs of the medicines 
only, but not health system and patient, 
family or caregiver costs, nor the cost of 
management of sequelae. They noted 
that many implementation costs could be 
substantial and that a 12-month regimen 
would incur greater costs as children and 
their caregivers would need monthly 
follow up visits after discharge from 
hospital. A shorter regimen might reduce 
costs because of a reduction in treatment 
duration. 
The additional costs of the shorter 
treatment regimen was thought to be 
moderate, but given the absence of 
information on other costs and the current 
inability to quantify them (including costs 
to the health system/ health service and to 
the family for subsequent visits or care for 
sequelae), the GDG settled on the option 
of ‘varies’. 

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

○ Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
  No included 

studies

No studies were available that directly assessed the cost-effectiveness of the intervention regimen versus the comparator regimen. 
However, a separate study compared the costs and cost-effectiveness of home-based paediatric TBM treatment compared to in-hospital treatment using 
the short intensive treatment regimen, in Cape Town, South Africa in 2018 (11). 
Societal costs for home-based treatment were USD 3857, and USD 28 043 for in-hospital treatment. Home-based versus in-hospital treatment health-
related quality of life (HRQoL) scores were 90.9% vs. 84.5%, while family impact scores were 94.8% vs. 73.1%. The point estimate of the incremental 
cost-effectiveness ratio indicated that improving HRQoL and family impact by 1% was associated with a saving of respectively USD 3726 and USD 1140 
for home-based vs. in-hospital treatment. The probability that home-based treatment was less expensive and more effective than in-hospital treatment 
was 96.3% for HRQoL and 100% for family impact. 

The cost -effectiveness of the intervention 
regimen compared to the comparator 
regime was identified as a research gap as 
there were no included studies. 
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Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
○ Probably 

increased
○ Increased
  Varies
○ Don’t know

There were no included studies on equity. Very low certainty evidence is available about desirable and undesirable effects of the shorter regimen 
compared to the longer regimen for treating TB meningitis. Depending on the severity of the neurological sequelae and the ongoing care required 
there may be implications regarding ethics and equity, as mortality may be reduced mortality but a higher proportion of TBM patients will survive with 
neurodevelopmental sequelae. 
A reduced duration of treatment is an equity consideration as a shorter duration of treatment may allow patients and care givers to return to their 
normal lives sooner and it may have impacts on overall quality of life, including access to education, schooling and patient related costs – overall this 
may increase equity. 
Child-friendly fixed dose combination tablets (FDCs) are available through the Stop TB Partnership’s Global TB Drug Facility in over 90 countries. 
Dispersible formulations of ethionamide and pyrazinamide are also available through GDF but these may be less widely procured by country 
programmes. 

The GDG members noted that there is a 
trade off with regards to mortality versus 
survival with neurological sequelae – but 
in the context of the current evidence 
(which was of very low certainty) any 
discussion about equity was thought to be 
speculative.
GDG members discussed that access to 
the medicines/formulations in the currently 
WHO recommended regimen may be 
easier compared to the intervention 
regimen. This is because the intervention 
regimen includes ethionamide and higher 
doses of other first line medicines, which 
means that the fixed dose combination 
that is widely available cannot be used 
to achieve the recommended doses – 
which is also an issue of feasibility. Access 
to medicines may be an equity issue, 
however if the shorter intensive regimen 
is recommended as an additional option 
to the 12-month regimen then it may 
enhance equity. Over time, access to 
ethionamide and the regimen overall 
may improve as it becomes more widely 
implemented. A reduced duration of 
treatment may also allow patients and 
caregivers to return to their normal lives 
sooner which may improve equity. 
Due to the concerns raised above, 
the GDG members decided that this 
judgement should be ‘varies.’ 
The equity considerations were also noted 
as a research gap by the GDG.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

There were no included studies on acceptability of a shorter intensive regimen compared to the standard 12 month regimen.
Generally, it can be assumed that a shorter treatment regimen that is equally effective as a longer one, is likely to be acceptable to patients and 
caregivers. 
A letter to the editor described that the short intensified TBM treatment regimen used in South Africa demonstrates good outcomes and a shorter 
duration of treatment (12). The authors were commenting on another paper by Van Toorn et al (13) and they stated that the data included in the review 
are observational without randomized control groups for comparison. The authors noted that the regimen uses a drug usually reserved for second-line 
treatment (ethionamide), which could have implications for acceptability by tuberculosis programmes (12).
Van Toorn and colleagues replied to the letter by stating that the short intensified TBM treatment regimen used in the Western Cape for nearly 
three decades is associated with a 3.8% mortality rate and a good outcome in greater than 80% of cases. Further, they stated that a comparative 
superiority trial would require a large sample size and they felt that it may not be ethically acceptable for a site with very good treatment success rates 
to participate in such a trial. They concluded that such an RCT would only be acceptable if another regimen (such as the World Health Organization 
12-month regimen) has at least shown similar or better results in other study sites (14). 

GDG members thought that the short 
intensive regimen would probably be 
acceptable as it includes medicines that 
have been in use for many years, including 
first line medicines and ethionamide.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
○ Yes
  Varies
○ Don’t know

There were no included studies on feasibility. 
Shorter treatment is presumably feasible to implement at patient and caregiver levels as the six-month regimen is currently being implemented and has 
been implemented for many years. 
A literature search found a paper on the rationale for the use of ethionamide to treat TBM in children. The authors stated that owing to superior CNS 
penetration, ethionamide is used to substitute ethambutol as the fourth TB agent in the intervention regimen, although ethionamide is often associated 
with nausea and vomiting which may compromise treatment tolerance (Huynh et al, 2020).
Current WHO dosing recommendations may make it difficult to use the higher dosages used in the short intensified TBM treatment regimen used in 
South Africa, given the shortage of single drug formulations in many settings (Turkova et al, Pediatr Infect Dis J, 2014). In addition, child-friendly FDCs and 
other paediatric formulations that are currently available through the Stop TB Partnership’s Global Drug Facility have a drug ratio that makes it challenging 
to administer the dosages employed in the short intensive regimen precisely, and would possibly require top-up of single drugs. Using the available 
HR 75/50mg dispersible formulation will result in higher dosing of rifampicin, although experts generally agree that this is not a major barrier, in view 
of experiences with higher rifampicin dosages in adults (Svensson EM et al, 2018; Svensson RJ et al, 2018) as well as in the OptiRif Kids (South African 
trial identifier 27–0117–5411) and the TBM Kids (NCT 02958709) trials in children. Personal communication with pediatricians in South Africa (May 2021) 
indicates that they are planning to use the HR 75/50 mg FDC along with pyrazinamide and ethionamide as stand-alone formulations in the near future. 

The GDG members discussed that in 
South Africa to date, physicians have 
been using a child-friendly fixed dose 
combination formulation (FDC) of 
isoniazid and rifampicin (60mg/60mg) 
with the addition of pyrazinamide and 
ethionamide as single medicines. The 
60/60mg FDC is not available anymore 
in South Africa, nor from the Stop TB 
Partnership’s GDF. Therefore the 2-FDC 
(50mg/75 mg isoniazid/rifampicin), 
alongside standalone child-friendly 
formulations of pyrazinamide and 
ethionamide will need to be used to 
appropriately dose children. The GDG 
members also discussed that outside 
of South Africa access to the child-
friendly formulation of ethionamide may 
be challenging, at least initially. It is also 
a component medicine of the shorter 
regimens for the treatment of MDR/RR-TB 
(currently recommended for children 
aged six years and above) and therefore 
countries treating children with DR-TB with 
the shorter, all oral, bedaquiline containing 
regimen should have access. 
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Ethionamide dispersible tablets (125 mg) 
have been available from the Stop TB 
Partnership Global Drug Facility since 
March 2018 and two suppliers have 
received WHO Prequalification status for 
this drug. The price of the dispersible 
tablet formulation is comparable to the 
non-dispersible one.
GDG members also raised the issue of 
access to biochemistry testing if electrolyte 
and liver function testing are required 
for children who receive the shorter 
regimen. This may be a consideration in 
some countries where these tests are not 
available in all locations. 
Several GDG members thought that the 
response to this judgement should be yes, 
whereas other members thought that it 
varies and overall, the consensus was to 
retain the judgement of ‘varies.’

SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either 
the intervention or the 

comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know
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TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○   ○ ○ 

CONCLUSIONS

Recommendation
In children (<10 years old) and adolescents (10–19 years old) with microbiologically confirmed drug susceptible TB meningitis or in those who have clinically diagnosed and presumed drug susceptible TB meningitis [i.e. 
without suspicion or evidence of RR/MDR] TB, a 6-month intensive regimen (6HRZEto) may be used as an alternative option to the 12-month regimen (2HRZE/10HR) (conditional recommendation, very low certainty of 
the evidence).
Remarks:
The current recommendation from the Guidance for national tuberculosis programmes on the management of tuberculosis in children (second edition, 2014) remains an option for the treatment of children and 
adolescents with suspected or confirmed TB meningitis (TBM): Children with suspected or confirmed tuberculous meningitis and children with suspected or confirmed osteoarticular TB should be treated with a four drug 
regimen (HRZE) for 2 months, followed by a two-drug regimen (HR) for 10 months, the total duration of treatment being 12 months. The doses recommended for the treatment of tuberculous meningitis are the same 
as those described for pulmonary TB (Strong recommendation, low quality of evidence). 
The 6-month intensive treatment regimen is comprised of 6 months of daily isoniazid, rifampicin, pyrazinamide and ethionamide; the 12-month regimen is comprised of 2 months of daily isoniazid, rifampicin, 
pyrazinamide and ethambutol followed by 10 months of isoniazid and rifampicin. 
The shorter intensive regimen is recommended for children with either bacteriologically confirmed or clinically diagnosed (probable) drug susceptible TB meningitis. The regimen is suitable for children and adolescents 
who have no evidence of drug resistance and in children and adolescents who have a low likelihood of drug resistant TB, e.g. those without risk factors for any form of drug-resistant TB.
An expert consultation will address dosing for the short intensive regimen, with dosing guidance included in the Operational Handbook on the management of tuberculosis in children and adolescents. 
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Justification
To inform recommendations on the treatment for child and adolescent TBM, a systematic review and meta-analysis was conducted to compare the effectiveness of shorter regimens versus the current WHO-
recommended twelve-month regimen. The primary intervention of interest was the South African regimen; in secondary analyses, outcomes associated with other shorter regimens were examined. The search criteria 
from the above-mentioned systematic review and meta-analysis conducted in 2014 were updated. Search terms included those related to the concepts of TB meningitis, children/adolescents, and outcomes. Studies with 
available details with respect to at least composition and duration were included. Ineligible regimens included those without rifampicin, treatment regimens with a duration over 12 months other than the WHO regimen, 
intermittent regimens and non-intensive short regimens. Pooled proportions were estimated across studies and within regimens through aggregate-level meta-analysis using GLMM with Gauss-Hermite quadrature for 
the following outcomes: Death by end of treatment; Loss to follow-up; Treatment success (= known alive by end of treatment); Neurological sequelae (among survivors); Survival without neurological sequelae (among 
those starting treatment). Subgroup analyses were planned but were not feasible to be conducted due to insufficient data. 1820 unique citations were screening, of which 149 (including 19 studies included in the 
previous systematic review) full texts were evaluated. Of these, five met inclusion criteria for the systematic review. In addition, two unpublished cohorts were eligible for inclusion. In total, four studies of intervention 
regimens (three published and one unpublished), and three studies of the comparator regimen (two published and one unpublished) were identified. No studies performing head-to-head comparisons of regimens were 
identified. Three of the four studies of intervention regimens reported on the Cape Town regimen and were conducted in a single referral centre in South Africa. As only one study reported on outcomes from an eight-
month regimen in Vietnam, it was excluded from meta-analysis. The two published studies of the comparator regimen were conducted at different sites in India, while data for the unpublished study were collected in 
various centres in Europe through the Pediatric Tuberculosis Network European Trials Group (ptbnet). 837 patients received intervention regimens, and in this group median ages ranged from 2.3 to 5.5 years. Among 
282 patients treated with the comparator regimen, the median age in the European study was 3.3 years, and summary data on age were not reported in the studies from India. 
The cumulative number of deaths was recorded at the end of treatment for each regimen (i.e., at six months after treatment initiation in studies of the intervention regimen; at 12 months after treatment initiation in 
studies of the comparator regimen). Among studies of the intervention regimen, 0.0 to 9.6% of patients died within six months; most deaths occurred early after hospital admission and primarily involved patients 
diagnosed in stage 3 at baseline. Among studies of the comparator regimen (i.e., the standard of care), 7.1 to 30.0% of patients died. In one of these studies, diagnosis at stage 3 was most strongly associated with 
mortality, although stage-specific outcome data were not reported. In a random effects meta-analysis, the pooled proportions of death were 6.0% (95% confidence interval [CI] 2.0–13.0) and 24.0% (95% CI: 18.0–
32.0) for children and adolescents who received the intervention and comparator regimens, respectively. The percentage of patients with treatment success ranged from 78.5 to 100.0%, with a random effects pooled 
proportion of 95.0% (95% CI: 74.0–99.0) among studies of the intervention regimen, and from 70 to 85.7%, with a random effects pooled proportion of 75.0% (95% CI: 69.0–81.0) among studies of the comparator 
regimen. Neurological sequelae were defined and assessed differently across studies. Among patients treated with the intervention regimen, 50.0 to 66.7% had neurological sequelae, mostly categorized as mild. The 
vast majority of these were among patients diagnosed at stage 2 or 3. Among patients treated with the comparator regimen, 31.9 to 50.0% had neurological sequelae. In one study on the comparator regimen from 
India, 17/29 (58.6%) cases were categorized as mild. The random effects pooled proportions of neurological sequelae among survivors were 66.0% (95% CI: 55.0–75.0) and 36.0% (95% CI: 30.0–43.0) for the intervention 
and comparator regimens, respectively. Among 135 HIV-negative and 13 HIV-positive patients who received the intervention regimen in South Africa, none relapsed within two years post-treatment. Other studies did 
not report on relapse. 
Because of the non-comparative nature of the studies, which were all observational, narrative descriptions reporting pooled proportions were provided rather than estimated measures of effect. The certainty of evidence 
was deemed to be very low for all outcomes due to very serious risk of bias, serious or very serious inconsistency within regimens, and very serious indirectness. Imprecision could not be assessed due to the lack of 
comparative data. 
The reviewers concluded that there were very few studies that met the inclusion criteria to inform PICO 5, with treatment outcomes reported mostly only at end of hospitalization. The key findings were a higher mortality 
by the end of treatment with the comparator regimen versus the intervention, whereas the probability of survival without neurological sequelae was slightly lower with the intervention regimen. The pooled estimates 
need to be interpreted with great caution considering the small number of studies, the high potential for confounding by indication, residual confounding and between-study heterogeneity in assessment of neurological 
sequelae. The intervention regimen (6HRZEto) has been used for almost 30 years in South Africa, with comparable results as observed with standard regimen. It needs to be noted that no relapses were observed in a 
subset of patients who were followed up for two years after completing treatment (13). 
The GDG members discussed that there was some evidence of benefits of the intervention regimen and also evidence of biological plausibility, but they also noted the very low certainty of the data. The GDG members 
also highlighted that the decision on ‘does not favour either the intervention or the comparison’ reflects the decisions on the desirable and undesirable effects which both varied and the very low certainty of the 
evidence. Recognizing how quickly children with TB meningitis can deteriorate, GDG members were not comfortable favouring one regimen over the other based on very low certainty of the data.
The GDG members also noted that the feasibility of introducing the shorter intensive regimen is dependent on the setting. Acceptability, affordability and access to the component medicines (including the child-friendly 
ethionamide formulation) are important contextual factors as well as any additional implementation considerations such as the necessity and availability of monitoring tests that are needed with the shorter regimen. 
GDG members thought that the short intensive regimen would probably be acceptable as it includes medicines that have been in use for many years, including first line medicines and ethionamide. The intervention 
regimen is more costly than the comparator regimen, but this refers to the costs of medicines only and the GDG members stated that other costs (including to patients, families and the health system) were important. 
Acceptability, affordability and access to the component medicines (including the child-friendly ethionamide formulation; 125mg dispersible tablet) are important contextual factors. 
The GDG acknowledged the limited data on alternative regimens to treat TB meningitis and the need for continued efforts to optimise and better understand treatment options for TB meningitis, including 
implementation considerations such as dosing.
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Subgroup considerations
Children living with HIV infection: As most studies in the review were restricted to HIV-negative children, HIV-positive children represented a small proportion of patients overall, and all received the intervention 
regimen. In the three studies using the intervention regimen included in the evidence review, a total of 11 children were identified as having HIV infection (of a total of 724 children). Therefore, it was not possible to 
undertake analyses stratified by HIV infection. A small additional study of 13 patients from South Africa was identified, however an extended duration of the intervention regimen was used in this group, e.g. 9 months of 
HRZEto. Therefore, this recommendation does not apply to HIV infected children who are diagnosed with TB meningitis. 
Adolescents: The population in the PICO question included both children (aged 0–9 years) and adolescents (aged 10–19 years). Based on the available information in the studies the median age of patients in the three 
studies using the intervention regimen were: 35 months (range: 2–168 months), 28 months (range: 2–180 months) and 30 months (5–82 months). In the studies using the comparator regimen, the age structure reported 
in two of the three studies was: <18 years and 3.3 years (range: 1–16 years). This recommendation therefore applies to both adolescents and children. 
Other sub group analyses: Several subgroup analyses were pre-planned by the systematic reviewers (including sub group analyses by: age group, for patients with drug resistant TB including isoniazid resistant TB, 
for patients microbiologically confirmed versus those clinically diagnosed, by Medical Research Council stage at diagnosis, and for patients with complications including tuberculoma and hydrocephalus). However, these 
analyses could not be conducted due to insufficient data.

Implementation considerations
One key implementation consideration is administration of the alternative regimen with the correct dosages of the included medicines, using currently available child-friendly formulations, including fixed dose 
combination (FDC) formulations when possible. The regimen includes isoniazid, rifampicin, pyrazinamide and ethionamide dosed as follows: 
Isoniazid: 20 mg/ kg, maximum 400mg daily
Rifampicin: 20mg/ kg, maximum 600mg daily
Pyrazinamide: 40 mg/ kg, maximum 2000mg daily, and 
Ethionamide: 20 mg/ kg, maximum 750mg daily
Historically the regimen was dosed using a child friendly FDC (dispersible tablet) of isoniazid and rifampicin (60mg/60 mg) with pyrazinamide and ethionamide added as single medicines. This FDC is no longer available, 
however a 50/75mg isoniazid/rifampicin dispersible tablet is. Using this formulation, some overdosing of rifampicin may be necessary. For example a 15kg child would receive approximately 30mg/kg of rifampicin 
and 20 mg/kg of isoniazid. Higher doses of rifampicin are being used in several other trials including the SURE trial, TBM Kids and OptiRif Kids and results from these trials are expected in the coming years. An expert 
consultation will be held in late 2021 to discuss how this regimen can be accurately dosed using the available formulations and this information will be included in the operational handbook on the management of TB in 
children and adolescents.
The GDG members also noted that this regimen should only be used in children with TB meningitis that is bacteriologically confirmed as drug susceptible. It can also be used for children who are clinically diagnosed, but 
there should be no suspicion of drug-resistant TB, for example in children or adolescents who have a history of contact with a patient with confirmed drug-resistant TB (including isoniazid resistance, rifampicin resistance 
or multi-drug resistance). In countries or areas with a high background prevalence of drug-resistant TB and where ethionamide is in use to treat drug-resistant TB, clinicians need to weigh up whether they use this 
regimen. The current recommendation for the diagnosis of TB meningitis is that in adults or children with signs and symptoms of TB meningitis, Xpert MTB/RIF or Xpert Ultra should be used in cerebrospinal fluid (CSF) 
as the initial diagnostic test rather than smear microscopy/culture (strong recommendation, moderate certainty of evidence for test accuracy for Xpert MTB/RIF; low certainty of evidence for test accuracy for Xpert Ultra. 
World Health Organization. WHO consolidated guidelines on tuberculosis. Module 3: diagnosis – rapid diagnostics for tuberculosis detection. Geneva, Switzerland. 2020 and 2021 update). 
A dispersible paediatric formulation of ethionamide (125 mg) has been available from the Stop TB Partnerships Global Drug Facility since March 2018. There are currently 2 WHO pre-qualified suppliers of the 
ethionamide dispersible tablet formulation. Although orders are received from high MDR-TB burden countries consistently (this formulation was supplied by the STBP GDF to 41 countries between 2019 and 2021), the 
GDG members discussed that the paediatric formulation of ethionamide may not be available in all countries or health care levels where it is needed. Ethionamide is a component of the shorter all-oral bedaquiline-
containing regimens to treat MDR/RR-TB, however at the time that the GDG meeting was held (May-June 2021) the shorter regimen was only recommended for children aged six years and above. 

Monitoring and evaluation
Implementation of this recommendation should be subject to ongoing monitoring and evaluation to ensure high quality implementation adapted to the local context. Uptake of the regimen and the outcomes of 
patients who receive this regimen are also of interest. The overall incidence of TB meningitis as a form of extrapulmonary TB in children and adolescents reflects ongoing transmission of TB to children as well as delays in 
the diagnosis of TB and is therefore important information to monitor as well. 
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Research priorities
As noted under the remarks, GDG members highlighted that ongoing clinical and operational research on optimal regimens (and dosing) for the treatment of TB meningitis remains very important. The GDG members 
acknowledged the importance of the topic, the limited data (for both the intervention and comparator regimens), the very low certainty of the evidence, and the need to continue to optimize and better understand 
which drugs, at what doses and in which combinations might allow patients to benefit from the safest and most efficacious treatment. In this regard, the results of several trials are awaited including TBM Kids, OptiRif 
Kids and the SURE trial (Clinicaltrials.gov, https://clinicaltrials.gov/ct2/show/NCT02958709; University of Witswatersrand, http://www.wrhi.ac.za/expertise/detail/optirif; University College London: https://www.ctu.mrc.
ac.uk/studies/all-studies/s/sure/). Preliminary results from the TBM Kids trial were presented to the GDG members during the meeting. The SURE trial is a non-inferiority, open-label, randomised controlled trial designed 
to evaluate whether a short 6-month intensified regimen is non-inferior to the current 12-month standard WHO-recommended treatment regimen in children aged between 28 days and 15 years in terms of all-cause 
mortality to treat TB meningitis. Results of the SURE trial are expected in 2023.

The GDG members identified a number of additional research gaps in addition to the need for ongoing research on optimal regimens for TB meningitis overall. These were: 
Comparative efficacy and safety data on both regimens
Dosing for the shorter intensive regimen and for alternative regimens under research, including regimens that include higher doses of medicines than are currently recommended
Considerations regarding equity including equitable access to the medicines in the short intensive regimen
Cost-effectiveness of shorter regimens versus the current standard of care 
Feasibility and acceptability of regimens for the treatment of TB meningitis 
Research on the sequelae of TB meningitis (including the type and severity of sequelae and the ability to prevent them or manage them) as well as objective measures of quality of life/functionality post-treatment 
Co-administration of anti-inflammatory agents in the treatment of children and adolescents with TB meningitis
Optimal regimens to treat TB meningitis among children and adolescents living with HIV infection
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Table 6a. Should decentralization TB services vs. centralized TB services be used 
for children and adolescents with signs and symptoms of TB and for children and 
adolescents exposed to TB?

POPULATION: Children and adolescents with signs and symptoms of TB and children and adolescents exposed to TB

INTERVENTION: Decentralization TB services

COMPARISON: Centralized TB services (tertiary /referral centre)

MAIN OUTCOMES:

PICO 6a: TB case notifications (population) – strengthening diagnostic capacity in primary-level facilities and via community-facility linkages; TB case notifications (population) 
– Strengthening diagnostic capacity in primary-level facilities and via community–facility linkages; TB case notifications (population) – home-based screening of household 
contacts; TB diagnoses (cohort) – home-based screening every 3 months; TB diagnoses (cohort) – home-based screening with sputum collection vs with referral; TB case 
notifications (population) or diagnoses (cohort) – Home-based screening for contacts and at-risk populations; TB diagnoses (cohort) – Introduction of Xpert into decentralized 
diagnostic centres
PICO 6b: Coverage of TPT in eligible child TB contacts (0–5 years old); Population TPT initiation rate for child contacts (0–4 years old)

SETTING: Global 

PERSPECTIVE: Health systems and primary health care 

BACKGROUND:

Capacity for paediatric TB is often highly centralized at secondary/tertiary level, and children may present seriously ill, after delays in accessing care. Capacity at higher levels of 
care is often managed in a vertical, non-integrated way. Healthcare workers at primary health care (PHC) level may have limited capacity and confidence in managing paediatric 
TB, although this is where most children with TB or at risk of TB seek care. In addition, TB screening is often not systematically part of clinical algorithms for child health (e.g. 
IMCI and iCCM). Private sector providers play an increasing role as first point of care in many countries. There are many missed opportunities for contact tracing, TB prevention, 
detection and care of TB as a result of weak integration of child and adolescent TB services with other programmes and services. Decentralization and family-centred, integrated 
care are highlighted as one of ten key actions in the 2018 Roadmap (1). 
This set of PICO questions looks at the impact of i. decentralization and ii. family-centred, integrated approaches of child and adolescent TB services on case detection in children 
who present with signs and symptoms of TB. They also examine the impact of these approaches on coverage of TB preventive treatment in children and adolescents exposed 
to TB. 
Decentralization is defined as: provision of/access to/capacity for child and adolescent TB services at a lower level of the health system than the lowest level where this is currently 
routinely provided (in most settings, district hospital (first referral level hospital) and/or primary health care level and/or community level).
Family-centred, integrated services are defined as:
Family-centred models of care: interventions selected on the basis of the needs, values and preferences of the child or adolescent and his or her family or caregiver. This can 
include health education, communication, material or psychological support. 
Integrated services: approaches to strengthen collaboration, coordination, integration and harmonization of child and adolescent TB services with other child health related 
programmes and services. 
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ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally, an estimated 1.19 million (range 1.05 -1.33 million) children (aged below 15 years) fell ill with TB in 2019, or about 12% of the global burden. 
Only 44% of these children were reported to national TB programmes. TB-related mortality in children below 15 years was estimated at 230,000 for 
2019 (2). Modelling has shown that 80% of TB-related deaths are among children aged under 5, and that 96% of children who die of TB, did not access 
treatment (3). 
A systematic review and meta-analysis to investigate the risk of TB in children after close exposure found that children not receiving preventive treatment 
who have a positive TB infection test (TST or IGRA) had significantly higher 2-year cumulative TB incidence rates than children with a negative TB 
infection test (4). This incidence was highest among children below 5 years of age (19·0% [95% CI 8·4–37·4]). The effectiveness of preventive treatment 
was 63% (adjusted HR 0·37 [95% CI 0·30–0·47]) among all exposed children, and 91% (adjusted HR 0·09 [0·05–0·15]) among those with a positive TB 
infection test. Among all children <5 years of age who developed TB, 83% were diagnosed within 90 days of the baseline visit. The authors concluded 
that the risk of developing TB among exposed infants and young children is very high. 
In 2019, only 433,000 (33%) of 1.3 million eligible children under the age of 5 (contacts of patients with infectious TB) received TB preventive treatment 
globally. Among contacts over the age of 5 (including older children and adolescents) only 105,000 (no estimates are available for eligible contacts in 
these age groups) were provided with TPT in 2019 (2).



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 99

Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

PICO 6a (case 
detection)
○ Trivial
○ Small
○ Moderate
○ Large
  Varies
○ Don’t know

PICO 6b (TPT 
provision)
○ Trivial
○ Small
  Moderate
○ Large
○ Varies
○ Don’t know

The desirable effects for PICO 6a (case detection) include increased TB case notifications and case detection rates in children and adolescents, reduced 
time to diagnosis (and time to treatment) and treatment success among children and adolescents started on anti-TB treatment after being diagnosed. 

Outcomes

Anticipated absolute effects* (95% CI)
Relative 
effect 

(95% CI)

№ of 
participants 

(studies)

Certainty 
of the 

evidence 
(GRADE)

CommentsRisk with centralized 
TB services

Risk with 
decentralization 

TB services

TB case notifications – 
strengthening diagnostic capacity 
in primary-level facilities and via 
community-facility linkages (Case 
notif )

Study population Rate ratio 
1.87 

(1.28 to 2.71)

(1 RCT)1,a  
MODERATEb

∞ per 1,000 Infinity per 1,000 
(∞ to ∞)

TB case notifications – 
Strengthening diagnostic capacity 
in primary-level facilities and via 
community–facility linkages

Eight multifaceted studies including community-
activities to bring people with signs/symptoms 
into facilities and enhanced primary care facility 
components. 
Khan: 205 vs 28 cases, IRR 7.32 
(95% CI 4.39–10.87)
Malik: 1391 vs 417 cases, aIRR 2.96 
(95% CI 2.49–3.50)
Zawedde-Muyanja: 647 vs 271 cases, IRR 2.39 
(95% CI 2.07–2.75)
Maha: 295 vs 140 cases, IRR 2.11 
(95% CI 1.72–2.58)
Islam: 231 vs 65 cases, IRR 1.78 
(95% CI 1.35–2.34)
Cap-TB: 5865 vs 2295 cases, IRR 1.49 
(95% CI 1.42–1.56)
Oshi: 1590 vs 1210 cases, IRR 1.31 
(95% CI 1.22–1.42)
Joshi: 360 vs 113 cases, aIRR 1.14 
(95% CI 0.83–1.56)

- (8 observational 
studies)2,3,4,5,6,7,8,9,c

 
VERY LOWd

TB case notifications – home-
based screening of household 
contacts

Study population Rate ratio 
0.88 

(0.31 to 2.46)

(1 RCT)10,e  
VERY LOWf,g,h

∞ per 1,000 Infinity per 1,000 
(∞ to ∞)

The GDG expressed different judgements 
regarding the desirable effects as small 
or moderate, but with acknowledgement 
that this may vary by setting and 
by interventions or approaches to 
decentralize services. The evidence 
base also indicates varied efficacy. For 
the impact on TPT initiation, the GDG 
expressed varied judgements as well, 
with the majority in favour of moderate 
desirable effects. 
Overall, the GDG agreed to proceed with 
a judgement of ‘varies’ for PICO 6a (case 
detection) and ‘moderate’ for PICO 6b 
(TPT provision).



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 100

TB diagnoses in a household 
cohort – home-based screening 
every 3 months (children 
0–26 months)

Study population Rate ratio 
2.6 

(1.8 to 4.0)

4763 
(1 RCT)11,i,j

 
HIGH15 per 1,000 39 per 1,000 

(27 to 60)

TB diagnoses in a household 
cohort – home-based screening 
with sputum collection vs with 
referral

Study population RR 0.84 
(0.34 to 2.09)

443 
(1 RCT)12,j

 
LOWk,l

44 per 1,000 37 per 1,000 
(15 to 92)

TB case notifications or diagnoses 
– Home-based screening for 
contacts and at-risk populations

Three studies evaluated home-based symptom 
screening + sputum collection in the home or 
referral to health facilities for evaluation.
Fatima: 13,288 vs 12,506 case notifications, IRR 
1.06 (95% CI 1.03–1.08)
Reddy: 7 vs 2 case notifications, aIRR 0.71 
(95% CI 0.04–12.07) adjusted for change in 
control area
Bayona: 1/151 vs 3/118 cases among MDR 
contacts, RR 0.26 (95% CI 0.02–2.56)

- (3 observational 
studies)13,14,15

 
VERY LOWm,n,o

TB diagnoses – Introduction 
of Xpert into decentralized 
diagnostic centers

Study population RR 0.98 
(0.72 to 1.33)

2998 
(1 observational 

study)16,p

 
VERY LOWg

107 per 1,000 105 per 1,000 
(77 to 143)

Talukder K, Salim MAH,Jerin I,Sharmin F,Talukder MQK,Marais BJ,et al. Intervention to increase detection of childhood tuberculosis in Bangladesh. Int J 
Tuberc Lung Dis; 2012.
Khan AJ, Khowaja S,Khan FS,Qazi F,Lotia I,Habib A,et al. Engaging the private sector to increase tuberculosis case detection: an impact evaluation study. 
Lancet Infect Dis; 2012.
Malik AA, Amanullah F,Codlin AJ,Siddiqui S,Jaswal M,Ahmed JF,et al. Improving childhood tuberculosis detection and treatment through facility-based 
screening in rural Pakistan. Int J Tuberc Lung Dis; 2018.
Zawedde-Muyanja S, Nakanwagi A,Dongo JP,Dekadde MP,Nyinoburo R,Ssentongo G,et al.. Decentralisation of child tuberculosis services increases case 
finding and uptake of preventive therapy in Uganda. Int J Tuberc Lung Dis; 2018.
Maha A, Majumdar SS,Main S,Philip W,Witari K,Schulz J,et al.. The effects of decentralisation of tuberculosis services in the East New Britain Province, 
Papua New Guinea. Public Health Action; 2019.
Islam Z, Sanin KI,Ahmed T. Improving case detection of tuberculosis among children in Bangladesh: lessons learned through an implementation research. 
BMC Public Health; 2017.
Oshi DC, Chkwu JN,Nwafor CC,Meka AO,Madichie NO,Ogbudebe CL, et al.. Does intensified case finding increase tuberculosis case notification among 
children in resource-poor settings? A report from Nigeria. Int J Mycobacteriol; 2016.
Joshi B, Chinnakali P,Shrestha A,Das M,Kumar AMV,Pant R,et al.. Impact of intensified case-finding on childhood TB case registration in Nepal. Public 
Health Action; 2015.
Lemaire J, Casenghi M. Catalyzing Pediatric TB Innovation (CaP-TB) project, unpublished data.
Hanrahan CF, Nonyane BAS,Mmolawa L,West NS,Siwelana T,Lebina L,et al. Contact tracing versus facility-based screening for active TB case finding in 
rural South Africa: A pragmatic cluster-randomized trial (Kharitode TB). . PLOS Med; 2019.
Moyo S, Verver S,Hawkridge A,Geiter L,Hatherill M,Workman L et al.. Tuberculosis case finding for vaccine trials in young children in high-incidence 
settings: a randomised trial. . Int J Tuberc Lung Dis; 2012.
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Davis JL, Turimumahoro P,Meyer AJ,Ayakaka I,Ochom E,Ggita J,et al. Home-based tuberculosis contact investigation in Uganda: a household randomized 
trial. ERJ Open Res; 2019.
Fatima R, Qadeer E,Yaqoob A,Ul Haq M,Majumdar SS,Shewade HD,et al.. Extending ‘contact tracing’ into the community within a 50-metre radius of an 
index tuberculosis patient using Xpert MTB/RIF in urban Pakistan: did it increase case detection? . PLOS One; 2016.
Reddy KK< Anathakrishnan R, Jacob AG,Das M,Isaakidis P,Kumar AMV. Intensified tuberculosis case finding amongst vulnerable communities in southern 
India. . Public Health Action; 2015.
Bayona J, Chavez-Pachas AM,Palacios E,Llaro K,Sapag R,Becerra MC. Contact investigations as a means of detection and timely treatment of persons 
with infectious multidrug-resistant tuberculosis. Int J Tuberc Lung Dis; 2003.
Sachdeva KS, Raizada N,Sreenivas A,Van’t Hoog AH,van den Hof S,Dewan PK,et al.. Use of Xpert MTB/RIF in decentralized public health settings and its 
effect on pulmonary TB and DR-TB case finding in India. PLOS One; 2015.
This cluster-randomized trial reported number of TB diagnoses at population-based diagnostic centers before and after intervention. The effect estimate 
is the incidence rate ratio for the change in diagnoses at the intervention centers divided by the incidence rate ratio at the control centers. The study 
also reported numbers of children evaluated at the centers, so another way to analyze the data would have been to calculate a risk ratio for diagnosis 
among children evaluated. However, we felt that the PICO outcome is really about population-level notifications, and the effect estimate we report is 
both most reflective of the PICO outcome and also the most conservative outcome possible in terms of magnitude. However, no information about 
underlying population size is given, so no absolute effect estimate can be determined.
This trial was rated as having “some concerns” over bias in the RoB2 because lack of access to a protocol meant that there was no information available 
on most of the key items in the RoB2. While we have no reason to believe that there was any systematic bias, the absence of so much key information 
caused us to downgrade.
Adjusted IRR’s adjust for changes in notifications in a control area. Pre- and post-intervention periods are not equal in all studies.
Only 2 out of the 8 pre-post studies adjusted for secular changes over time via use of a control area
This cluster randomized trial was designed with case notifications as the outcome and an analysis plan based on a Poisson regression fitted to facility-level 
counts. No information on the underlying size of the at-risk population is given or assumed. Therefore, it is not possible to calculate a rate difference.
There were serious concerns with indirectness because the intervention arm comprised a mixture of two interventions, one of which we consider 
decentralized (home visits for contact screening) and the other of which we do not (cash incentives for contacts who came to the health facility).
Confidence interval is wide and crosses 1.
There were serious concerns about bias for this facility-randomized trial because of imbalance in the size and level of the health facilities in the two arms. 
Events out of participants is entered into the “Number of patients” section, but effect estimate is the trial-reported outcome of events per person-years. 
This trial was rated as having “some concerns” over risk of bias via the RoB2. This rating was driven mostly by the fact that it would have been impossible 
to blind trial participants and the people making the household visits to intervention allocation, but we thought it unlikely that this could affect outcome 
ascertainment,. Therefore, we did not downgrade the trial for risk of bias concerns.
Intervention population is not all children and adolescents with signs/symptoms of TB, but its restricted to household contacts. Results do not provide a 
direct measure of population-level case notifications.
There were serious concerns with imprecision due to small numbers of events in the child/adolescent age group.
Two sources of indirectness were identified for the two smaller studies. Reddy assessed only smear-positive TB diagnoses, which is not the same as all TB 
notifications. The population of Bayona was limited to MDR-TB contacts, which is not necessarily representative of all people with TB signs/symptoms. Of 
note, the largest study (Fatima) did not suffer from these concerns.
Very small numbers of children diagnosed with TB in two of the studies resulted in wide confidence intervals
Only 1 of the studies adjusted for possible confounding
We considered downgrading for indirectness because the population reached by the intervention is not all people with TB signs/symptoms but 
only those who accessed the diagnostic centers (since the intervention contained no community component). However, because diagnostic center 
attendance did not change during the intervention and the effect estimates would have been almost identical if analyzed as a population-level case 
notification rate ration, we chose not to downgrade.
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The desirable effects for PICO 6b (TPT coverage) include increased TPT coverage in children and adolescents exposed to TB, decreased time to TPT 
initiation, prevention of TB and reduction of TB incidence among these age groups. 

Outcomes

Anticipated absolute effects* (95% CI)
Relative 
effect 

(95% CI)

№ of 
participants 

(studies)

Certainty 
of the 

evidence 
(GRADE)

CommentsRisk with centralized 
(tertiary/ referral centre) 

Risk with decentralization 
of child and adolescent 
TB prevention and care 

services

Coverage of TPT 
in eligible child TB 
contacts (0–5 years 
old)

Study population RR 1.27 
(0.76 to 2.12)

239 
(1 observational 

study)1

 
VERY LOWa,b

175 per 1,000 222 per 1,000 
(133 to 370)

Population TPT 
initiation rate for child 
contacts (0–4 years 
old)

Two studies of multifaceted interventions to strengthen 
decentralized TPT services: Yassin: 698 vs 0 TPT initiations, 
IRR undefined 
Cap-TB: 12,634 vs 1,758 TPT initiations, 8-fold increase in 
median monthly TPT initiations per site, p<0.001

- (2 observational 
studies)2,3

 
VERY LOWc

Zachariah R, Spielmann MP,Harries AD,Gomani P,Graham SM,Bakali E,et al.. Passive versus active tuberculosis case finding and isoniazid preventive 
therapy among household contacts in a rural district of Malawi. Int J Tuberc Lung Dis; 2003.
Yassin MA, Datiko DG,Tulloch O,Markos P,Aschalew M,Shargie EB,et al. Innovative community-based approaches doubled tuberculosis case notification 
and improve treatment outcome in Southern Ethiopia. PLOS One; 2013.
Lemaire J, Casenghi M. Catalyzing Pediatric TB Innovation (CaP-TB) project, unpublished data.
The study was considered to have a serious risk of bias, as it did not report adjustment for secular changes over time or other sources of confounding.
Confidence interval wide and crosses 1; low number of events suggest that larger sample size could increase precision.
These studies were considered to have a serious risk of bias, as they were pre-post studies without any adjustment for secular changes over time or 
other sources of confounding.
Other desirable effects that were rated by the GDG as being critical were: treatment success, time to TB treatment initiation, time to diagnosis, coverage 
of TB preventive treatment in eligible child and adolescent TB contacts, time to TB preventive treatment initiation, TB preventive treatment completion, 
treatment adherence and access to schooling. However studies including these outcomes were not identified as a result of the systematic review, with the 
exception of treatment adherence where 5 studies were identified. These studies all included Directly Observed Treatment (DOT) as the intervention and 
were not further pursued as a WHO recommendation on DOT already exists based on a previous systematic review. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large
○ Moderate
○ Small
  Trivial
○ Varies
○ Don’t know

The undesirable effects for PICO 6a (case detection) are reductions in TB case notifications and case detection rates in children and adolescents, delays 
in TB diagnosis and treatment initiation and unsuccessful treatment outcomes among those started on TB treatment. 
The undesirable effects for PICO 6b (TPT coverage) are decreased TPT coverage, delays in TPT initiation. 
Other undesirable effects that were rated by the GDG as being critical were: death, treatment failure, relapse, loss to follow up, adverse events, poor 
treatment adherence and interrupted schooling. However, studies including these outcomes were not identified as a result of the systematic review.

Two trials and one observational study of 
home-based screening (without facility-
based strengthening) had fewer diagnoses 
or notifications in children aged 0–14 
years in the intervention group compared 
to the control group, but confidence 
intervals were wide and crossed 1 (i.e. 
none of these differences were statistically 
significant).The GDG discussed that 
although there may be a reduction in case 
notifications documented at higher levels 
of care, but if services are decentralized 
to more peripheral levels, children will 
have the opportunity to be reviewed by 
a clinician close to where they access 
care, which will improve the chance 
of TB detection. The evidence overall 
was recognized as uncertain and while 
there is potential for overdiagnosis and 
overtreatment, the benefit of increased 
case finding and an increased number of 
children with TB started on TB treatment 
was considered to outweigh the concern 
for overtreatment. Therefore, the 
GDG agreed to a judgement of ‘trivial’ 
undesirable effects. 
The GDG discussed some potential risks 
of provision and management of TPT at 
the peripheral level: in the case of drug-
related adverse events (AE) such as 
hepatotoxicity these may go undetected 
or lead to a more severe adverse event. 
There may be insufficient capacity at 
peripheral levels to manage severe AEs. 
In addition, there is a risk of TB disease 
being treated with TPT as opposed to 
getting a complete treatment regimen. 
In this case the child would likely come 
back with symptoms, and hopefully be 
referred for evaluation and initiated on a 
TB treatment regimen. The GDG judged 
that some of these undesirable events can 
happen, but are also rare. Therefore, the 
GDG concluded that for TPT provision the 
undesirable effects are ‘trivial’ as well. 
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Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

The certainty of the evidence is very low.

Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on values. However, a qualitative evidence synthesis on community views on active case finding (ACF) for tuberculosis in 
low- and middle-income countries was undertaken and presented to the GDG, this review focused on children. The authors found that people valued 
their health, which could be supported through their own economic efforts or through TB services, but these two routes sometimes undermined each 
other. Seeking TB services accrued costs and interfered with employment through missing work or through discrimination at work. They therefore valued 
the lower costs of tuberculosis care nearer home and often sought care first from local pharmacies or traditional health providers. Persistence despite 
difficulty with securing follow up care also underscored health as a widely shared value. 
People valued privacy and discretion in all settings for tuberculosis screening and for all aspects of subsequent TB care for themselves and for their children. 
Sometimes individual values (i.e., individual health or employment) conflicted with the widely shared community values of social integration and of family 
solidarity and harmony. Discrimination due to TB and HIV stigma sometimes isolated people from their wider community; enabled fractious or frustrating 
treatment in clinics; or led to discord and divisiveness within families. People also had to balance tuberculosis care seeking according to their individual 
health against their fears of infecting others (i.e., threatening community health). Likewise, parents had to balance the health of their children against 
their fears of medications. 
Tuberculosis active case finding and contact tracing improved access to health services for those with worse health and fewer resources. ACF found this 
population exposed to deprived living conditions, but without being sensitive to additional dimensions of their plight, such as their marginalisation or 
their information needs. Lack of information impacted community members and health workers alike and sometimes led to harm.
Many community members expressed fears related to tuberculosis active case finding and contact tracing. People were afraid infecting others in their 
family or workplace, of painful side effects of treatment for themselves or for their children, and of dying from tuberculosis. People were also afraid of 
being labelled with tuberculosis or with HIV. 
The reviewers of the evidence for the background question on engaging adolescents in TB care, found that adolescents fear disclosure of TB and 
cited this as a central barrier to engagement in treatment and adherence. Daily facility-based DOT was considered disruptive to schooling or work 
and community-based DOT models of care (community health worker, trained family member, video DOT) were preferred. Adolescents treated for 
TB reported loss of interpersonal relationships, education disruptions, and depression that are greatly exacerbated by prolonged isolation and/or 
hospitalization for TB treatment. 

The GDG judged that there was probably 
no important uncertainty in how much 
people value the main outcomes for both 
case detection and the provision of TPT. 
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ Don’t know

The GDG agreed that the balance of 
desirable and undesirable effects probably 
favours decentralized TB services for 
children and adolescents with signs 
and symptoms of TB, as well as for the 
provision of TPT. The panel noted that 
consideration of differences in the settings 
in which decentralisation might be 
implemented and the need for adequate 
resourcing for this to happen. 
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Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
Moderate costs

○ Negligible costs
and savings

○ Moderate
savings

○ Large savings
○ Varies
○ Don’t know

No studies were included on the cost of decentralized approaches for case detection or provision of TPT. 
However, costing data are available from the CaP TB project (Catalyzing Pediatric Tuberculosis Innovations), which focused on implementation and 
integration of New TB Care and Treatment Models in 9 sub-Saharan Africa countries and was presented to the GDG. The project aimed to: 1) improve 
detection of children (0–14 years) through facility-based intensified case-finding (ICF); 2) improve provision of TPT among household contacts aged 
below 5 and children living with HIV attending HIV clinics. The ICF intervention included implementation of systematic TB screening in different child 
health entry points (OPD, IPD, HIV, MCH, and nutrition clinic), among others. TB screening was performed using a symptom-based screening tool, 
by community health care workers in waiting areas. The TPT interventions used community-based household contact screening where possible and 
included referral of symptomatic children aged 0–14 years for TB evaluation, as well as asymptomatic 0–4 years for TPT. Enhanced paediatric TB training 
and site-support and supervision was provided to support paediatric TB management and project interventions. The comparator was standard of care 
(SoC) in each country. 
The following table provides a comparison of activities and costs per child started on anti-TB treatment for the standard of care versus the intervention:

Standard of care cascade (per child treated)

Country Screened Presumptive
TB

Tested 
with Xpert

TB 
diagnosed

TB 
treated

Cost, $ 
(SD)

1 164.54 2.13 1.34 1.05 1 139 (48)

2 29.81 0.91 0.91 1.03 1 90 (37)

3 388.55 3.17 3.17 1.03 1 97 (36)

4 213.24 5.89 5.89 1.01 1 193 (61)

5 168.71 2.82 2.82 1.01 1 145 (49)

Intervention cascade (per child treated)

Screened Presumptive
TB

Tested 
with Xpert

TB 
diagnosed

TB 
treated

Cost, $ 
(SD)

363.32 4.69 4.07 1.05 1 2025 (69)

65.82 2.01 1.18 1.03 1 601 (41)

817.98 6.67 1.38 1.03 1 1171 (38)

244.38 6.75 4.09 1.01 1 1350 (60)

569.05 9.52 7.9 1.01 1 3670 (133)

The GDG discussed the issues of costs 
which were anticipated to be relevant for 
both the health system and for patients. 
Overall, health systems costs are likely 
increased with increased decentralization 
(e.g. infrastructure, human resources, 
training, equipment, community 
engagement etc.), but patient costs may 
decrease (e.g. transport to healthcare 
facilities). 
Initial costs to establish decentralized 
services may be high, but costs are likely 
to decrease over time, assuming that 
patients are effectively managed and TPT 
provided at the peripheral level, leading 
to a reduction in TB incidence. Equity 
was considered an important cross-
cutting issue impacting on cost as well. 
The GDG also emphasized that the level 
of decentralization should consider the 
context, including for example the local 
burden of TB, availability of domestic 
or donor funding and of technical and 
programmatic support. 
The GDG highlighted that TPT 
implementation can be very challenging 
with high levels of loss to follow-up in 
centralized programmes, considering that 
children who are eligible for TPT are not 
sick. The panel felt that decentralization 
of prevention can potentially increase 
equity and enhance the success of the 
programme. It was noted that in the past 
two years, country training programmes 
have moved to virtual trainings due to 
COVID-19, which reduces programmatic 
costs.



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 107

Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ No included 

studies

There were no included studies on cost effectiveness. 
However, cost-effectiveness data are available from the CaP TB project (Catalyzing Pediatric Tuberculosis Innovations), which focused on implementation 
and integration of New TB Care and Treatment Models in 9 sub-Saharan Africa countries (see under resources required). 
The project included a programme evaluation (‘TIPPI’) that recorded before/after data at a site-level on anti-TB treatment (ATT) and TPT rates. These 
data were available for 5 of 9 countries with regulatory approval granted so far. Project financial and cascade data were analysed to estimate the cost 
of the intervention relative to baseline rates, capturing changes in resources used and additional investments in training and M&E. Changes in mortality 
and discounted expected life-years lost (3% discount rate) were modelled to estimate the interventions’ impact on health and the incremental cost-
effectiveness ratios (ICERs) in terms of US$ per DALY (disability-adjusted life year) averted. 
For the ICF intervention, country central estimates of deaths averted per 100 children starting ATT under SoC varied between 11 and 46 (excluding one 
country, with negative effect). Country ICERs ranged between 238 & 646 US$/DALY (excluding one country). ICERs were less than GDP and comparable 
or less than 0.5 x GDP, except for 2 countries.
For the TPT interventions (including household case-finding), country central estimates of deaths averted per 100 children starting TPT under SoC varied 
between 3 and 21. Country ICERs ranged between 301 and 1529 US$/DALY. ICERs were less than GDP and comparable or less than 0.5 x GDP in one 
country, and over GDP in other countries. 
Analysing both ICF and TPT intervention components as a single intervention gave ICERs similar to those of the ICF component, which accounted for 
most of the incremental costs and health benefits of the combined package. Interventions were more cost-effective among children aged 0–4 years 
than among children 5–14 years. Limitations of the analyses include confounding with before/after comparisons, omission of patient costs, difficulty in 
isolating project costs that may exceed analogues under implementation (e.g. wage rates) and modelled rather than measured health outcomes. Most 
limitations are on the side of biasing ICERs upwards (i.e. towards being less cost-effective).

While there were no separate studies 
included on the cost-effectiveness of 
decentralization, the CaP-TB project 
(which provided data for the systematic 
review for both PICO 6a and 6b) provided 
cost-effectiveness data on intensified TB 
case finding interventions focused on 
decentralization to the lower levels of the 
health system. Intensified case finding 
interventions in this project were more 
cost-effective than the TPT interventions. 
Both interventions were more cost-
effective in the age group under 5 
compared to older children and young 
adolescents up to 15 years. 
The GDG discussed that cost-effectiveness 
was setting specific with variability 
depending on available resources.
The GDG judged that cost-effectiveness 
probably favours decentralized approaches 
for both case finding and provision of TPT.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

There were no included studies on equity. 
However, a qualitative evidence synthesis on community views on active case finding for tuberculosis in low- and middle-income countries was 
undertaken, this review focused on children. This study found that community- based tuberculosis services improved access to screening and subsequent 
care for some, including for children. However, many people living in areas selected for tuberculosis active case finding or contact tracing experienced 
material deprivation. Sometimes this marginalisation was exacerbated by difficult geography, environmental pollution, or unstable populations. For 
example, tuberculosis services for children were compromised when community health workers could not trace families that had moved, or when 
parents and families were unable to pay out of pocket costs. In contrast, those community members with greater economic security felt less vulnerable 
to tuberculosis. Tuberculosis programmes that aim to improve equity must consider both individual and community resources. Access to services is an 
important component of health equity, but equity also encompasses fairness and human rights norms. A commitment to equity addresses discrimination 
by changing laws or “social relationships” (WHO, 2021). The researchers found that tuberculosis stigma led to discrimination following three pathways: 
isolation in the community, discord within families, and problems at work or lost employment. 
Tuberculosis stigma set people apart, whether they were targeted for screening or received diagnosis and treatment. This setting apart exposed people 
to discrimination along distinct pathways: isolation from their wider community, lost employment, fraught social interaction with health care workers both 
in the clinic and on the doorstep, and discord and divisiveness within families. HIV stigma compounded tuberculosis stigma and heightened vulnerability 
to discrimination along these same pathways.
In many settings, lack of resources restricted what services were available for TB, and this had implications for the care of children. Programme health 
workers and community members described a skeleton service in competition for resources, infrastructure, and staff. In this context of low investment, 
tuberculosis health services sometimes reinforced, rather than alleviated, deprivation and discrimination. Parents and children faced repeated tests and 
clinic visits, wasted time and fraught social interaction with health providers. 
It can be assumed that, considering the current low coverage of TPT in child contacts under 5 and the extremely low TPT coverage of older child as well 
as adolescent contacts, providing TPT services at lower levels of the health system will improve equity.

Most GDG members felt that equity is 
probably increased with decentralization 
for both case detection as well as 
provision of TPT, despite the absence of 
data related to the impact regarding TPT.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

However, a qualitative evidence synthesis on community views on active case finding for tuberculosis in low- and middle-income countries was 
undertaken, this review focused on children. This study found that several aspects of programme delivery reduced its acceptability for service users and 
other community members. 
First, community-based active case finding and contact tracing created expectations for treatment that were not always met. TB programmes that were 
committed to early case detection in settings with low investment were not acceptable to people because they could not deliver on the expectations for 
follow up care for people with, and without, tuberculosis. People across diverse settings documented difficult follow up care due to low investment, and 
health workers reported competition for health resources. 
Second, community members were aware of the consequences of tuberculosis screening and subsequent care, in terms of out-of-pocket costs and risks of 
discrimination. Both reduced the acceptability of community-based tuberculosis programmes. Until adequate mitigating strategies are in place, the well-
known barriers of costs and discrimination will persist. 
Finally, the association of tuberculosis services with deprivation made outreach less effective amongst those better off economically, and their association 
with HIV reinforced stigma and the possibility for discrimination – both had implications for programme acceptability. 
As well, the TB-Speed decentralization study assessed acceptability of decentralizing TB diagnosis from the healthcare worker (HCW) perspective. This 
was an operational research study in children with presumptive TB, evaluating an innovative childhood TB diagnosis package (including systematic 
screening, clinical evaluation, Xpert Ultra on stool and nasopharyngeal aspirate [NPA] and optimized chest X-ray) at district hospital (DH) and 
primary health care (PHC) levels. The objectives of the sub-study were to assess the knowledge, attitudes and practices (KAP) of HCWs on childhood 
TB (comparing pre-intervention the post-intervention period) and to assess the point of view, experience, and perceptions of HCWs regarding the 
childhood TB diagnosis approach implemented in their facility (post-intervention only). This was done through self-administered questionnaires among 
HCWs involved in childhood TB management. 55% of respondents were based at PHC level. 18% versus 70% of the HCWs were trained on TB in the 
past 2 years, pre- and post-intervention. 
Knowledge scores improved from 10.2 out of 18 to 11.0 out of 18 before and after the intervention, with the score for diagnosis improving from 2.2 to 2.6 
out of 5 and for prevention this remained the same (4 out of 4). 
At both PHC and DH levels, 94% of respondents agreed or strongly agreed that systematic TB screening contributed to find children with presumptive TB. 
95 and 97% of respondents at PHC and DH level (strongly) agreed that systematic TB screening should continue after the end of the TB-Speed project. 
77% and 63% (strongly) agreed that systematic TB screening was easy. 
79% and 82% (strongly) agreed that stool sampling contributed to increasing the number of children diagnosed with TB. For NPA, these proportions 
were 97% and 95% at PHC and DH level, respectively.
Overall, there was high acceptability with positive attitudes towards decentralized child TB diagnosis at DH and PHC levels and clinical diagnosis at 
decentralized levels of care played an important role in child TB case detection. 
The reviewers of the evidence for the background question on engaging adolescents in TB care, reported that adolescents, because they have particular 
epidemiological risks for TB exposure and increased biological risk for developing TB disease, had indicated that they should be a priority group for 
preventive treatment. The reviewers also reported that because adolescents have an increased risk of poor treatment adherence, including loss to 
follow-up, and TB treatment often interferes with their education, adolescents should preferentially receive shorter regimens for TB infection.

The GDG highlighted that the potential 
impact of stigma should be taken into 
consideration, when services for active 
case finding in children and adolescents 
are decentralized to lower levels. 
The panel judged that decentralized 
approaches are probably acceptable 
to key stakeholders, but may also vary 
depending on the setting.
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Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

There were no included studies on feasibility. 
However, a qualitative evidence synthesis on community views on active case finding for tuberculosis in low- and middle-income countries was 
undertaken, this review focused on children. 
The logic of tuberculosis active case finding and contact tracing is that community activities lead to early detection and, in turn, better treatment 
outcomes for individuals and less transmission within communities. The qualitative evidence synthesis found that community tuberculosis outreach 
operated in contexts where there was low investment in health services, including staff, facilities, tests, and medicines, which left programmes in 
competition with other diseases and public health priorities. 
Lack of investment also led to difficult follow up care for parents and children, who faced repeated visits, wasted time, fractious interactions with 
health staff, and burdensome out of pocket costs. Low investment compromises the feasibility of programmes. 
All parties involved in community-based tuberculosis services had unmet information needs, which also compromised the feasibility and effectiveness 
of tuberculosis programmes. 
Based on another review undertaken to determine the socioeconomic impact of TB on children, adolescents and families, the general financial impact of 
TB was mentioned in 15 qualitative papers, 5 quantitative studies and two reviews. The impact was on the family in general, closely linked to spending 
and nutrition. The cost of transport to hospital was raised as sometimes a barrier to a child completing treatment, and decentralised services may 
make accessing care more feasible. 
As well, the TB-Speed decentralization study assessed feasibility (uptake) and yield of deploying systematic screening and an innovative TB diagnostic 
package at District Hospital (DH) and Primary Health care (PHC) in resource limited countries with (very) high TB incidence. 111,944 children attended 
OPD, of whom 78.1% were screened (65% at DH and 84% at PHC level). 
Of the children who were screened, 3229 (3.7%) were identified as presumptive TB (8.4% at DH and 2.0% at PHC level). 1746 children with presumptive 
TB were enrolled in the study. TB was diagnosed in 237 (13.6%) of the enrolments (18.3% at DH and 5.6% at PHC). Chest X-ray uptake was 76% at DH 
level. The proportion of valid results for Ultra testing on stool samples was slightly lower at PHC level compared to DH level (68% versus 72%), whereas 
valid NPA results were lower at DH level compared to PHC (89% versus 93%). 
The decentralization study also assessed feasibility of decentralizing TB diagnosis to DH and PHC from the healthcare worker (HCW) perspective. As 
part of the KAP survey conducted after the intervention, 86% of respondents at PHC level felt that TB diagnosis and making a decision to treat were 
feasible in their facility. This was 96% at DH level. 96% and 97%, respectively, (strongly) agreed that the TB diagnostic approaches should continue to be 
implemented after the end of the project. 
TB Speed also reported early findings from an implementation research study to describe successes and challenges of implementing the childhood TB 
diagnostic approach in DH and PHCs from support supervision and clinical mentoring activities. Reported challenges around screening included the 
fact that screening questions were complex to understand for HCWs and parents, and had to be simplified; the stigma associated with TB screening 
in waiting areas and non-recording of presumptive cases in registers. Labelling and recording of laboratory samples and registers was a challenge in 
some countries as well. In 5 out of 6 countries, turn-around times were long (up to 8 days), mainly due to staff attitudes. Sample transport was affected 
by poor transport conditions in 3 out of 6 countries. Challenges related to chest radiography performance and interpretation included breakdown 
of machines, unavailability of radiographers or trained clinicians, image quality issues, delays in receiving reports (in PHC facilities) and poor internet 
connectivity for up- and download. Challenges around referrals included issues around transport to the DH (in terms of distance, time and cost), 
refusal from parents to be referred, poor means of communication and follow-up between PHC and DH levels and delays in referral or lack of referral 
documentation. Some countries reported a lack of trained staff (due to staff rotation or transfers) and a lack of motivation (linked to incentives). There 
were no major differences in terms of the feasibility challenges between the DH and PHC levels. 

The GDG highlighted that feasibility varies 
by setting, infrastructure, and the structure 
of the national TB control programme, 
among others, for both case detection 
and TPT provision. In urban settings 
increasing community involvement may 
be more feasible and access may be less 
challenging than in rural areas. Overall, 
the panel judged that decentralization is 
probably feasible to implement. 
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SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○   ○ 
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CONCLUSIONS

Recommendation
In TB high burden settings, decentralized TB services may be used in children and adolescents with signs and symptoms of TB and/or in those exposed to TB (conditional recommendation, very low certainty evidence). 

Remarks:
This recommendation concerns children and adolescents with signs and symptoms of TB in terms of the impact on case detection. It also concerns children and adolescents who are exposed to TB (TB contacts) who are 
eligible for TB preventive treatment (TPT), in terms of the impact on provision of TPT. Children and adolescents with signs and symptoms who need evaluation for TB disease may also have a history of exposure to TB (TB 
contact). Children and adolescents who are TB contacts who do not have signs and symptoms need to be evaluated for TPT eligibility.
This recommendation refers to enhancing child and adolescent TB services at peripheral levels of the health system and closer to the community, not to replacing specialized paediatric TB services at higher levels of the 
health system.
Decentralization should be prioritized for settings and populations with poor access to existing services and/or in high TB prevalence areas.
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Justification
This set of PICO questions examine the impact of i. decentralization and ii. family-centred, integrated approaches of child and adolescent TB services on case detection in children who present with signs and symptoms 
of TB. They also examine the impact of these approaches on coverage of TB preventive treatment in children and adolescents exposed to TB. 
Definitions related to this PICO question:
Decentralization: provision of/access to/capacity for child and adolescent TB services at a lower level of the health system than the lowest level where this is currently routinely provided (in most settings, district hospital 
(first referral level hospital) and/or primary health care level and/or community level).
Family-centred, integrated services:
Family-centred models of care: interventions selected on the basis of the needs, values and preferences of the child or adolescent and his or her family or caregiver. This can include health education, communication, 
material or psychological support. 
Integrated services: approaches to strengthen collaboration, coordination, integration and harmonization of child and adolescent TB services with other child health related programmes and services.
A systematic review of studies assessing the impact of decentralized, integrated, or family-centred care models on TB diagnostic, treatment, or prevention outcomes for individuals 0–19 years old, comprising both 
children (0–9 years old) and adolescents (10–19 years old), was conducted to answer this group of PICO questions. The PubMed, Embase, Web of Science, Global Index Medicus, Global Health, and Cochrane Central 
databases were searched, as well as the references of 17 related reviews. 3,265 abstracts from databases and 129 additional references from related reviews were identified and assessed. 516 full-text articles were 
assessed for eligibility, from which 25 comparative studies (7 randomized, 18 observational) were identified; one unpublished observational was added for a total of 26 studies. 4 studies (1 randomized, 3 observational) 
were excluded after review because the care model described was community-based directly observed therapy, for which a WHO recommendation already exists (REF 2017 DS-TB guidelines). Of the remaining included 
studies, 16 had elements of decentralization, 5 had elements of integration, and 3 had elements of family-centred care; 4 studies had elements of more than one care model of interest, but were only included based on 
their main model, e.g. either decentralization or family-centred, integrated care. Most focused on the 0–14 year age group. 
Studies where the primary intervention was decentralization mostly assessed diagnosis or case notification outcomes (n=16), with fewer assessing TPT outcomes (n=3). In general, interventions that included both 
strengthening diagnostic capacity in primary care settings as well as strengthening linkages between communities and facilities consistently showed increases in case notifications and TPT initiations, while interventions 
that involved only community-based activities did not. 
Two studies of service integration were identified, which showed limited impact on case notifications of screening in integrated management of childhood illness clinics or co-location of TB and antiretroviral therapy 
(ART) services. Two studies of family-centred care were identified, which showed that provision of socioeconomic support packages to families affected by TB was associated with increased TPT initiation and completion. 
The reviewers noted that, while substantial wider literature on integration and family-centred care is available, evidence for the specific impact on child and adolescent TB outcomes is limited. Some overlap was noted 
between integration of TB services into non-specialized settings such as general outpatient or primary care services, and decentralization. For the evidence review this was a slightly artificial separation, while in practice 
decentralization and integration into primary health care may go hand in hand.
Regarding the evidence reviewed for the PICO question on the impact of decentralization on TB case detection, the GDG observed that two trials and one observational study of home-based screening (without facility-
based strengthening) had fewer diagnoses or notifications in children aged below 15 years in the intervention group compared to the control group, but that none of these differences was statistically significant. The 
GDG discussed that while there may be a reduction in case notifications at higher levels of care, given that services are being decentralized to more peripheral levels, making sure that children are seen by a competent 
clinician where they access care, improves the chances of TB detection. The overall certainty of the evidence was very low. The benefit of increased case finding and an increased number of children with TB who 
are initiated on TB treatment was considered to outweigh the concern for overtreatment. Therefore, undesirable effects for case detection were considered trivial. The GDG discussed potential risks of provision and 
management of TPT at the peripheral level: in case of drug-related adverse events (AE) such as hepatotoxicity, these may go undetected or lead to a more severe AE. There may be insufficient capacity at peripheral 
level to manage severe AEs. In addition, there may be a risk of TB disease being treated with a course of TB preventive treatment (TPT) rather than with a complete treatment regimen. All of these undesirable events can 
happen, but are also rare. Therefore, the undesirable effects for TPT provision were considered trivial. Overall, the GDG agreed that the balance of desirable and undesirable effects probably favours decentralized TB 
services for children and adolescents with signs and symptoms of TB, as well as for the provision of TPT. The panel noted that consideration of differences in the settings in which decentralisation might be implemented 
and the need for adequate resourcing for this to happen.
Regarding the evidence reviewed for the PICO question on the impact of decentralization on TB case detection, the GDG observed that two trials (5, 6) and one observational study of home-based screening (without 
facility-based strengthening) (7) had fewer diagnoses or notifications in children aged below 15 years in the intervention group compared to the control group, but that none of these differences were statistically 
significant. The GDG discussed that while there may be a reduction in case notifications at higher levels of care, given that services are being decentralized to more peripheral levels, making sure that children are seen by 
a competent clinician at the point of access may improve the chances of TB detection. The evidence overall was recognized as uncertain. The benefit of increased case finding and an increased number of children with 
TB who are initiated on TB treatment was considered to outweigh the concern for overtreatment. Therefore, undesirable effects for case detection were considered trivial. The GDG discussed potential risks of provision 
and management of TPT at the peripheral level, including undetected drug-related adverse events (AE) such as hepatotoxicity and insufficient capacity to manage these. In addition, there may be a risk of TB disease 
being treated with a course of TB preventive treatment (TPT) rather than with a complete treatment regimen. All of these undesirable events can potentially happen, but were considered rare and not of major concern. 
Therefore, undesirable effects for TPT provision were considered trivial as well. Overall, the GDG agreed that the balance of desirable and undesirable effects probably favours decentralized TB services for children and 
adolescents with signs and symptoms of TB, as well as for the provision of TPT. The panel noted that consideration of differences in setting and adequate resources are important requirements. 
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The GDG discussed that setting specific factors related to TB burden or the organization of health services may impact feasibility, acceptability, and equity considerations. They also discussed that initial health system 
costs to establish decentralized and family-centred, integrated services may be relatively high (e.g. related to infrastructure, human resources, training, equipment, community engagement etc.), but that costs are likely 
to decrease over time, assuming that cases are effectively managed and TPT provided at the peripheral level, leading to a reduction in TB incidence. Decentralized and family-centred, integrated services may result 
in important savings for affected families. Equity was considered an important cross-cutting issue impacting cost as well. The GDG highlighted that TPT implementation can be very challenging with high levels of loss 
to follow-up in programmes implemented at higher levels of the health system, considering that children who are eligible for TPT are not sick. The panel agreed that decentralization and integration of services can 
potentially increase equity and enhance the success of the programme and judged that cost-effectiveness probably favours decentralized and family-centred, integrated approaches to both case finding and provision 
of TPT. 
While the GDG stressed the importance of taking into consideration the potential impact of stigma, when decentralizing TB services for children and adolescents to lower levels, the panel judged that decentralized 
approaches are probably acceptable to key stakeholders. Overall decentralized and family-centred, integrated approaches were judged feasible to implement, although feasibility may vary depending on infrastructure, 
available funding and the structure of the national TB control programme, among others. However, adequate investment is critical to enable the acceptability, equity and feasibility of decentralized approaches.

Subgroup considerations
Adolescents have a disease presentation that is similar to adults, and therefore may need different interventions than young children. 
The provision of TPT has historically focused on children under 5 years of age. In 2018, target groups for the provision of TPT were expanded to include contacts of all ages (8). 
CLHIV may derive particular benefit from decentralised TB service provision considering their need for TPT, ongoing care for HIV and early treatment of TB. In many high TB/HIV burden countries there is already a high 
level of integration or coordination between TB and HIV services.

Implementation considerations
Training of healthcare workers at decentralized levels is a critical requirement to ensure adequate implementation. Similarly, resources are needed at the peripheral level, especially initially, as services are established. It is 
expected that as services are established and effectively implemented, the long-term impact will result in a decrease in TB incidence with an associated reduction in resource requirements. 
A phased approach to decentralisation may be applied if this is most appropriate in the country or area, depending on the local burden of TB, availability of domestic or donor funding and of technical and 
programmatic support. 
Active contact investigation at community and household level is a critical intervention for enhancing both case finding and provision of TPT in children and adolescents. 
Factors to consider in decentralizing child and adolescent TB services include the existing infrastructure (e.g. baseline health infrastructure, needs for expansion or upgrading), the applicable regulatory framework, 
financing, choosing between an operational research setting or programmatic implementation, human resource issues (e.g. staffing requirements and HR development such as capacity building/training and consultation 
skills), monitoring and evaluation, conducting qualitative research into community needs and perceptions (including views on stigma). Decentralization of services to the primary health care level requires child and 
adolescent TB services to be integrated within general primary health care services and therefore there may be significant overlap between decentralization and family-centred, integrated approaches. The operational 
handbook will provide practical guidance and examples on this. 
Decentralization should not only concern the levels of the health system, but should ideally also take place within the same structure, by training all health care providers of all child and adolescent care services in the 
recognition and management of TB. This so-called task shifting was mentioned by the GDG as an important implementation factor. 

Monitoring and evaluation
Moving to decentralized, family-centred, integrated services requires careful planning, and regular monitoring of implementation against the plan. The capacity needs of national programmes interested in implementing 
the proposed interventions need to be identified and addressed. 
Enhanced data collection around child and adolescent TB potentially takes a substantial amount of additional time and detailed data collection may only be feasible in specific operational research settings. Programmes 
generally have registers in place for contact investigation, treatment registration and outcomes, as well as TPT registers. The use of these (preferably electronic) tools is important as programmes move to a more 
decentralized and family-centred, integrated approach, to ensure comprehensive management and treatment. The use of these tools needs to be evaluated and enhanced, including through operational research. 
It will be important to monitor the number of children diagnosed at different levels of the health system, including the proportion of children that have bacteriological confirmation, the proportion that were clinically 
diagnosed as well as the number of children initiated on and completing TPT. Evaluating the quality of services (covering the quality of all steps in the patient pathway, from screening, to diagnosis and treatment) as well 
as client satisfaction are important components as well. 

Research priorities
Cost effectiveness of decentralization/integration for case detection and provision of TPT
Impact of decentralization of services on health equity 
Acceptability and feasibility of decentralized approaches to child and adolescent TB care for case detection and for TPT provision
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Table 6b. Should family-centred, integrated services vs. standard, non-family-centred, 
non-integrated services be used for children and adolescents with signs and symptoms 
of TB and for children and adolescents exposed to TB?

POPULATION: Children and adolescents with signs and symptoms of TB

INTERVENTION: Family-centred, integrated services

COMPARISON: Standard, non-family-centred, non-integrated services

MAIN OUTCOMES:
Case notifications – TB screening in IMNCI; Case notifications (intervention = co-location of ART)
Prevention – TPT coverage; TPT completion rate

SETTING: Global 

PERSPECTIVE: Health systems and primary care 

BACKGROUND:

Capacity for paediatric TB is often highly centralized at secondary/tertiary level, and children may present seriously ill, after delays in accessing care. Capacity at higher levels of 
care is often managed in a vertical, non-integrated way. Healthcare workers at primary health care (PHC) level may have limited capacity and confidence in managing paediatric 
TB, although this is where most children with TB or at risk of TB seek care. In addition. TB screening is often not systematically part of clinical algorithms for child health (e.g. 
IMCI and iCCM). Private sector providers play an increasing role as first point of care in many countries. There are many missed opportunities for contact tracing, TB prevention, 
detection and care of TB as a result of weak integration of child and adolescent TB services with other programmes and services. Decentralization and family-centred, integrated 
care are highlighted as one of ten key actions in the 2018 Roadmap (1). 
This set of PICO questions looks at the impact of i. decentralization and ii. family-centred, integrated approaches of child and adolescent TB services on case detection in children 
who present with signs and symptoms of TB. They also examine the impact of these approaches on coverage of TB preventive treatment in children and adolescents exposed to TB. 
Decentralization is defined as: provision of/access to/capacity for child and adolescent TB services at a lower level of the health system than the lowest level where this is currently 
routinely provided (in most settings, district hospital (first referral level hospital) and/or primary health care level and/or community level).
Family-centred, integrated services are defined as:
Family-centred models of care: interventions selected on the basis of the needs, values and preferences of the child or adolescent and his or her family or caregiver. This can 
include health education, communication, material or psychological support. 
Integrated services: approaches to strengthen collaboration, coordination, integration and harmonization of child and adolescent TB services with other child health related 
programmes and services. 

CONFLICT OF INTERESTS: None 



WHO consolidated guidelines on tuberculosis: 
Web Annex 3. GRADE Evidence to Decision Tables 116

ASSESSMENT

Problem
Is the problem a priority?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
○ Probably yes
  Yes
○ Varies
○ Don’t know

Globally, an estimated 1.19 million (range 1.05 -1.33 million) children (aged below 15 years) fell ill with TB in 2019, or about 12% of the global burden. 
Only 44% of these children were reported to national TB programmes. TB-related mortality in children below 15 years was estimated at 230,000 for 
2019 (2). Modelling has shown that 80% of TB-related deaths are among children aged under 5, and that 96% of children who die of TB, did not access 
treatment (3). 
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Desirable Effects
How substantial are the desirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Trivial
○ Small
  Moderate
○ Large
○ Varies
○ Don’t know

The desirable effects for case detection include increased notifications and case detection rates, reduction in delays in diagnosis and initiation of TB 
treatment, as well as treatment success in children started on TB treatment. 
No data for case detection rates, reduction in delays in diagnosis and initiation of TB treatment, treatment success.

Outcomes

№ of 
participants 

(studies) 
Follow up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with standard, 
non-family-centred, non-

integrated services

Risk difference with 
family-centred, integrated 

services

Case notifications – TB 
screening in IMNCI

180896 
(1 RCT)1,a

 
MODERATEb

RR 3.77 
(1.82 to 7.79)

Study population

0 per 1,000 0 fewer per 1,000 
(0 fewer to 1 more)

Case notifications 
(intervention = 
co-location of ART)

0 
(1 observational 

study)2,c

 
VERY LOWd,e

Rate ratio 2.67 
(1.05 to 6.76)

Study population

∞ per 1,000 -- per 1,000 
(-- to --)

Ketema L, Dememew ZG,Assefa D,Gudina T,Kassa A,Letta T,et al.. Evaluating the integration of tuberculosis screening and contact investigation in 
tuberculosis clinics in Ethiopia: A mixed method study. PLOS One; 2020.
Miyano S, Dube C,Kayama N,Ishikawa N,Nozaki I,Syakantu G. Association between tuberculosis treatment outcomes and the mobile antiretroviral 
therapy programme in Zambia. Int J Tuberc Lung Dis. Int J Tuberc Lung Dis; 2013.
This stepped-wedge trial evaluated a multi-component intervention including screening in IMNCI and in the TB DOTS clinic of 30 health facilities. 
The relative effect estimate is the % of IMNCI attendees who were diagnosed with TB while the absolute effect is the trial-reported outcome of mean 
additional diagnoses per clinic per 4-month study period (i.e. period of each “step” in the stepped wedge).
The stepped wedge trial was deemed to have a serious risk of bias because allocation to the intervention could not be concealed (all facilities knew they 
would receive the intervention before they enrolled), and because the analysis method did not account for potential time trends over the course of the trial.
This study reported TB notifications at intervention facilities before and after co-location of ART services, and at control facilities in the same region that 
never received co-located ART services. Only the intervention facility counts are shown (before and after co-location of ART services). The number of 
cases in the control facilities was very small, and decreased substantially between the two periods, raising the possibility of population shifting from one 
set of facilities to the other. The unadjusted notification rate ratio presented here is more conservative than the one that adjusts for the change in the 
control facilities.
The small numbers of events led to a wide confidence interval, even though it does not cross 1.
It is not clear whether increase in TB cases at intervention facilities was due population shifting from control facilities to intervention facilities, as they are 
in the same area and not specified as being tied to specific catchment populations.
Desirable effects for TB prevention include increased TPT coverage, reduction in the time to initiation of TPT, improved TPT completion rates and 
ultimately a reduction in TB incidence among children and adolescents.

The GDG noted that no data were 
available related to case detection on 
the outcomes of delays in diagnosis and 
initiation of TB treatment and treatment 
success. Similarly, in the review related to 
TPT coverage there were no data available 
for reduction in the time to initiation of 
TPT and TB incidence. 
It was clarified that for the Ketema trial 
(4) the case detection outcome was not 
well reflected in GRADEpro, but this is 
reflected in the risk ratios in the table (e.g. 
0.04% versus 0.01% of attendees or 0.5 
additional TB notification per facility over a 
4-month period).
The GDG discussed that family-centred, 
integrated care also includes interventions 
at household level to identify members 
of the household requiring evaluation 
for TB disease, TPT, treatment support 
etc. In addition, there is overlap between 
integration of TB services into non-
specialized settings such as general 
outpatient or primary care services, and 
decentralization. For the evidence review 
this was a slightly artificial separation, 
while in practice decentralization and 
integration into primary health care may 
go hand in hand. 
This meant that the studies reviewed for 
PICO 6a and b may also inform PICO 6c 
and d and merging the recommendations 
could be considered. 
Overall, the GDG judged that desirable 
effects are moderate for both case 
detection and provision of TPT. 
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No data for reduction in the time to initiation of TPT and TB incidence 

Outcomes

№ of 
participants 

(studies) 
Follow up

Certainty of 
the evidence 

(GRADE)

Relative 
effect 

(95% CI)

Anticipated absolute effects* (95% CI)

Risk with standard, 
non-family-centred, non-

integrated services

Risk difference with 
family-centred, integrated 

services

Coverage of TPT 
in eligible contacts 
(0–19 years)

412 
(1 RCT)1,a

 
HIGH

RR 1.70 
(1.10 to 2.64)

Study population

257 per 1,000 180 more per 1,000 
(26 more to 422 more)

Coverage of TPT 
in eligible contacts 
(0–19 years)

3371 
(1 observational 

study)2,b

 
VERY LOWc

RR 2.23 
(2.11 to 2.36)

Study population

394 per 1,000 485 more per 1,000 
(438 more to 537 more)

TPT completion among 
contacts (0–19 years)

1557 
(1 observational 

study)2,d

 
VERY LOWe

RR 3.22 
(2.90 to 3.57)

Study population

270 per 1,000 599 more per 1,000 
(512 more to 693 more)

Wingfield T, Tovar MA,Huff D,Boccia D,Montoya R,Ramos E,et al.. A randomized controlled study of socioeconomic support to enhance tuberculosis 
prevention and treatment, Peru. Bull World Health Organ; 2017.
Rocha C, Montoya R,Zevallos K,Curatola A,Ynga W,Franco J,et al.. The Innovative Socio-economic Interventions Against Tuberculosis (ISIAT) project: an 
operational assessment. . Int J Tuberc Lung Dis; 2011.
Household-randomized trial of a socioeconomic support package including social support activities and conditional cash transfers to offset hidden costs 
of care. Although this trial was rated as having “some concerns” for bias via the RoB2, these were related to the unblinded nature of the intervention and 
the lack of access to a protocol to assess adherence to a pre-defined analysis plan. We chose not to downgrade because we did not feel that the lack of 
blinding was likely to affect the outcome given the nature of the intervention, and the presentation of results suggested a pre-defined analysis plan for 
this primary trial outcome.
Multifaceted support package included social, economic, and psychological support; patients and their families were free to accept or decline individual 
components. Event counts were calculated from reported percentages and are thus approximate; the possible range of intervention events is 474–479 
and the possible range for control events is 1116–1117. While this could be a source of imprecision, the amount of imprecision is not sufficient to 
substantively change the magnitude of the effect estimate.
This study was a pre-post study without any adjustment for secular trends over time or other sources of confounding, leading to serious concerns 
about bias. 
Multifaceted support package included social, economic, and psychological support; patients and their families were free to accept or decline individual 
components. Event counts were calculated from reported percentages and are thus approximate; the possible range of intervention events is 382–385 
and the possible range for control events is 296–306. While this could be a source of imprecision, the amount of imprecision is not sufficient to 
substantively change the magnitude of the effect estimate. 
This study was a pre-post study without any adjustment for secular trends over time or other sources of confounding, leading to serious concerns 
about bias. 
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Undesirable Effects
How substantial are the undesirable anticipated effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large 
○ Moderate 
○ Small 
○ Trivial 
○ Varies 
    Don’t know

The undesirable effects for case detection include decreased notifications and case detection rates, delays in diagnosis and initiation of TB treatment, 
as well as unfavourable treatment outcomes in children started on TB treatment. Undesirable effects for prevention include decreased TPT coverage, 
increases in the time to initiation of TPT, non-adherence to TPT and reduced TPT completion rates. 

The GDG highlighted that information on 
undesirable effects was not available from 
the evidence review and it was therefore 
hard to make a judgement on undesirable 
effects.
Potential undesirable effects were 
discussed, including missing a diagnosis of 
drug-resistant TB, possible under- or over-
diagnosis, and treating a child with TB 
disease with TPT. It was noted that several 
GDG members thought undesirable 
effects were insignificant.

Certainty of evidence
What is the overall certainty of the evidence of effects?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

  Very low
○ Low
○ Moderate
○ High
○ No included 

studies

Overall, the certainty of the evidence of effects was very low for the effect on TB diagnosis and TB prevention The GDG highlighted the variability of 
certainty from the reviews for specific 
outcomes and that many outcomes 
rated as critical by the GDG had no data 
available. This was noted as a research 
gap. 
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Values
Is there important uncertainty about or variability in how much people value the main outcomes?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Important 
uncertainty or 
variability

○ Possibly 
important 
uncertainty or 
variability

  Probably no 
important 
uncertainty or 
variability

○ No important 
uncertainty or 
variability

There were no included studies on values. However, a qualitative evidence synthesis on community views on active case finding for tuberculosis in low- 
and middle-income countries was undertaken, this review focused on children. 
This review found that people valued their health, which could be supported through their own economic efforts or through TB services, but these 
two routes sometimes undermined each other. Seeking TB services accrued costs and interfered with employment through missing work or through 
discrimination at work. They therefore valued the lower costs of TB care nearer home and often sought care first from local pharmacies or traditional 
health providers. Persistence despite difficulty with securing follow up care also underscored health as a widely shared value. 
People valued privacy and discretion in all settings for TB screening and for all aspects of subsequent TB care for themselves and for their children. 
Sometimes individual values (i.e., individual health or employment) conflicted with the widely shared community values of social integration and of family 
solidarity and harmony. Discrimination due to TB and HIV stigma sometimes isolated people from their wider community; enabled fractious or frustrating 
treatment in clinics; or led to discord and divisiveness within families. People also had to balance TB care seeking according to their individual health 
against their fears of infecting others (i.e., threatening community health. Likewise, parents had to balance the health of their children against their fears 
of medications. 
In addition, the study found:
Children were part of the population sought by TB active case finding (ACF) and contact tracing programmes. Their contact with TB and ACF 
programmes depended largely on adults, many of whom responded to TB outreach according to their own priorities. Both sick and well adults 
prioritised employment over TB health services, which had direct implications for children. 
Community-based TB active case finding and contact tracing improved access for those missed with previous case finding strategies 
TB active case finding and contact tracing improved access to health services for those with worse health and fewer resources. ACF found this 
population exposed to deprived living conditions, but without being sensitive to additional dimensions of their plight, such as their marginalisation or 
their information needs. Lack of information impacted community members and health workers alike and sometimes led to harm. 
Children relied on adults, who had to navigate practical consequences of illness: out-of-pocket costs for travel, diagnostic tests and treatment, and 
adequate food to enable tolerance of drugs and speed recovery. 
Many community members expressed fears related to TB active case finding and contact tracing. People were afraid infecting others in their family or 
workplace, of painful side effects of treatment for themselves or for their children, and of dying from TB. People were also afraid of being labelled with 
TB or with HIV
Relevant for prevention: Children were put at risk by contact with parents and teachers who, if they felt well, avoided TB screening. Some people with 
symptoms waited until their illness became severe, in part to avoid the social consequences of disease. 

The GDG judged that there was probably 
no important uncertainty in how much 
people value the main outcomes for both 
case detection and the provision of TPT.
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Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the
comparison

○ Probably favors
the comparison

○ Does not favor
either the
intervention or
the comparison
Probably favors
the intervention

○ Favors the
intervention

○ Varies
○ Don’t know

The balance of effects probably favours the intervention as an additional option. The GDG expressed that, although there 
was no data on undesirable effects, and 
the certainty of the evidence was very low, 
the balance of effects probably favours 
the intervention, as there is evidence 
of positive effects of family-centred 
integrated care. 
The panel discussed that family-centred 
integrated care could be an addition 
to the standard of care as well as to 
specialized services which do not have an 
integration component. Family-centred 
care in the sense of family involvement 
was highlighted as a core principle of child 
health care. 

Resources required
How large are the resource requirements (costs)?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Large costs
○ Moderate costs
○ Negligible costs

and savings
○ Moderate

savings
○ Large savings

Varies
○ Don’t know

No studies were included on the costs of family-centred, integrated services. 
However, costing data are available from the CaP TB project (Catalyzing Pediatric Tuberculosis Innovations), which focused on implementation and 
integration of New TB Care and Treatment Models in 9 sub-Saharan African countries. The project aimed to: 1) improve detection of children (0–14 
years) through facility-based intensified case-finding (ICF); 2) improve provision of TPT among household contacts aged below 5 and children living 
with HIV attending HIV clinics. The ICF intervention included implementation of systematic TB screening integrated in different child health entry points 
(OPD, IPD, HIV, MCH, and nutrition clinic), among others. TB screening was performed using a symptom-based screening tool, by community health 
care workers in waiting areas. The TPT interventions used community-based household contact screening where possible and included referral of 
symptomatic children aged 0–14 years for TB evaluation, as well as asymptomatic 0–4 years for TPT. Enhanced paediatric TB training and site-support 
and supervision was provided to support paediatric TB management and project interventions. The comparator was the standard of care (SoC) in each 
country. 
The following table provides a comparison of activities and costs per child started on anti-TB treatment for the standard of care versus the intervention: 

Standard of care cascade (per child treated)

Country Screened Presumptive
TB

Tested 
with Xpert

TB 
diagnosed

TB 
treated

Cost, $ 
(SD)

1 164.54 2.13 1.34 1.05 1 139 (48)

2 29.81 0.91 0.91 1.03 1 90 (37)

3 388.55 3.17 3.17 1.03 1 97 (36)

4 213.24 5.89 5.89 1.01 1 193 (61)

5 168.71 2.82 2.82 1.01 1 145 (49)

Intervention cascade (per child treated)

Screened Presumptive
TB

Tested 
with Xpert

TB 
diagnosed

TB 
treated

Cost, $ 
(SD)

363.32 4.69 4.07 1.05 1 2025 (69)

65.82 2.01 1.18 1.03 1 601 (41)

817.98 6.67 1.38 1.03 1 1171 (38)

244.38 6.75 4.09 1.01 1 1350 (60)

569.05 9.52 7.9 1.01 1 3670 (133)

Many of the GDG members anticipated 
moderate costs for programmes, but 
settled for ‘varies’ because of setting-
specific costs, for example for training of 
healthcare providers, social protection 
schemes etc. 
The panel discussed that implementing 
family-centred, integrated approaches 
requires substantial initial investment from 
the health programme but could result in 
important savings for affected families. In 
addition, while investments are needed in 
the short term, in the long-term savings 
may be possible, depending on the setting 
and on the impact on TB incidence.
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Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Favors the 
comparison

○ Probably favors 
the comparison

○ Does not favor 
either the 
intervention or 
the comparison

  Probably favors 
the intervention

○ Favors the 
intervention

○ Varies
○ No included 

studies

Cost-effectiveness data are available from the CaP TB project (Catalyzing Pediatric Tuberculosis Innovations). The project included a programme 
evaluation (‘TIPPI’) that recorded before/after data at a site-level on anti-TB treatment (ATT) and TPT rates. These data were available for 5 of 9 countries 
with regulatory approval granted so far. Project financial and cascade data were analysed to estimate the cost of the intervention relative to baseline 
rates, capturing changes in resources used and additional investments in training and M&E. Changes in mortality and discounted expected life-years lost 
(3% discount rate) were modelled to estimate the interventions’ impact on health and the incremental cost-effectiveness ratios (ICERs) in terms of US$ 
per DALY (disability-adjusted life year) averted. 
For the ICF intervention, country central estimates of deaths averted per 100 children starting ATT under SoC varied between 11 and 46 (excluding one 
country, with negative effect). Country ICERs ranged between 238 & 646 US$/DALY (excluding one country). ICERs were less than GDP and comparable 
or less than 0.5 x GDP, except for 2 countries.
For the TPT interventions (including household case-finding), country central estimates of deaths averted per 100 children starting TPT under the SoC 
varied between 3 and 21. Country ICERs ranged between 301 and 1529 US$/DALY. ICERs were less than GDP and comparable or less than 0.5 x GDP in 
one country, and over GDP in other countries. 
Analysing both ICF and TPT intervention components as a single intervention gave ICERs similar to those of the ICF component, which accounted for 
most of the incremental costs and health benefits of the combined package. Interventions were more cost-effective among children aged 0–4 years than 
among children 5–14 years. Limitations of the analyses include confounding with before and after comparisons, omission of patient costs, difficulty in 
isolating project costs that may exceed analogues under implementation (e.g. wage rates) and modelled rather than measured health outcomes. Most 
limitations are on the side of biasing ICERs upwards (i.e. towards being less cost-effective).

The reviewers clarified that some studies 
outside of the evidence review showed 
that cash transfers avert catastrophic costs 
for families. 
Data from the CaP-TB project was 
included in the review for PICO 6a and 
b only, but also included integration 
and family-centred components. Some 
countries included vouchers for chest 
X-ray to improve access to radiography 
for families. This was however not 
standardized across all countries. 
The GDG agreed that cost-effectiveness 
probably favours the intervention.

Equity
What would be the impact on health equity?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ Reduced
○ Probably 

reduced
○ Probably no 

impact
  Probably 

increased
○ Increased
○ Varies
○ Don’t know

There were no included studies on equity. 
However, a qualitative evidence synthesis on community views on active case finding for TB in low- and middle-income countries was undertaken, this 
review focused on children. The authors found that community-based TB services improved access to screening and subsequent care for some, including 
for children. That said, many people living in areas selected for TB active case finding or contact tracing experienced material deprivation. Sometimes 
this marginalisation was exacerbated by difficult geography, environmental pollution, or unstable populations. For example, TB services for children were 
compromised when community health workers could not trace families that had moved, or when parents and families were unable to pay out of pocket 
costs. In contrast, those community members with greater economic security felt less vulnerable to TB. Tuberculosis programmes that aim to improve 
equity must consider both individual and community resources. 
Access to services is an important component of health equity, but equity also encompasses fairness and human rights norms. A commitment to equity 
addresses discrimination by changing laws or “social relationships” (WHO, 2021). The authors of the review found that TB stigma led to discrimination 
along three pathways: isolation in the community, discord within families, and problems at work or lost employment. 
In addition, the study found: 
Tuberculosis stigma set people apart, whether they were targeted for screening or received diagnosis and treatment. This setting apart exposed people 
to discrimination along distinct pathways: isolation from their wider community, lost employment, fraught social interaction with health care workers both 
in the clinic and on the doorstep, and discord and divisiveness within families. HIV stigma compounded tuberculosis stigma and heightened vulnerability 
to discrimination along these same pathways. 
In many settings, lack of resources restricted what services were available for TB, and this had implications for the care of children. Programme health 
workers and community members described a skeleton service in competition for resources, infrastructure, and staff. In this context of low investment, 
tuberculosis health services sometimes reinforced, rather than alleviated, deprivation and discrimination. Parents and children faced repeated tests and 
clinic visits, wasted time and fraught social interaction with health providers

The GDG judged that family-centred, 
integrated care for children and 
adolescents with signs and symptoms or 
exposure to TB probably increases health 
equity.
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Acceptability
Is the intervention acceptable to key stakeholders?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

One of the studies included in the systematic review reported on the acceptability of integrating TB into IMNCI (4). The authors reported that at the 
health care facilities where the study was conducted, more than 95.0% of the parents/guardians, health care providers and heads of the health facilities 
indicated they were comfortable with an integrated service delivery of TB screening and evaluation at IMNCI clinics and contact investigation at TB DOTS 
clinics. More than 94.0% of the clients and HCWs, and all facility heads said that they had a positive perception of the integration.
A separate qualitative evidence synthesis on community views on active case finding for TB in low- and middle-income countries was undertaken, 
this review focused on children. These authors found that several aspects of programme delivery reduced its acceptability for service users and other 
community members. First, community-based active case-finding and contact tracing created expectations for treatment that were not always met. 
TB programmes that were committed to early case detection in settings with low investment were not acceptable to people because they could not 
deliver on the expectations for follow up care for people with, and without TB. People across diverse settings documented difficult follow up care due 
to low investment, and health workers reported competition for health resources. Second, community members were aware of the consequences of 
TB screening and subsequent care, in terms of out-of-pocket costs and risks of discrimination. Both reduced the acceptability of community-based 
TB programmes. The authors concluded that until adequate mitigating strategies are in place, the well-known barriers of costs and discrimination will 
persist. 
Finally, the association of TB services with deprivation made outreach less effective amongst those better off economically, and their association with HIV 
reinforced stigma and the possibility for discrimination – both had implications for programme acceptability. 

The majority of the GDG judged that 
family-centred, integrated care is probably 
acceptable to key stakeholders, including 
healthcare providers and families.

Feasibility
Is the intervention feasible to implement?

JUDGEMENT RESEARCH EVIDENCE ADDITIONAL CONSIDERATIONS

○ No
○ Probably no
  Probably yes
○ Yes
○ Varies
○ Don’t know 

One of the studies included in the systematic review reported on acceptability of integrating TB into IMNCI (4). The authors reported that the health 
care providers (95.0%) as well as the heads of the healthcare facilities (100.0%) indicated that the implementation of TB symptom screening and contact 
investigation at IMNCI and TB DOTS clinics was easy to implement. Integration was feasible and practical after intensive training and awareness creation 
on childhood TB among healthcare providers at the primary health care units. The authors noted that required capacity building needs to involve 
community health care workers as well, to facilitate the integration of childhood TB into the integrated community case management (iCCM) platform.
In a separate qualitative evidence synthesis conducted on the topic of TB screening and case finding, the reviewers noted that the logic of TB active 
case finding and contact tracing is that community activities lead to early detection and, in turn, better treatment outcomes for individuals and less 
transmission within communities. They found that community TB outreach operated in contexts where there was low investment in health services, 
including staff, facilities, tests, and medicines, which left programmes in competition with other diseases and public health priorities. Lack of investment 
also led to difficult follow up care for parents and children, who faced repeated visits, wasted time, fractious interactions with health staff, and 
burdensome out of pocket costs. Low investment compromises the feasibility of programmes. All parties involved in community-based TB services had 
unmet information needs, which also compromised the feasibility and effectiveness of tuberculosis programmes. 

The GDG highlighted that, while family-
centred, integrated care is probably 
feasible to implement, substantial 
investment is needed to ensure ongoing 
capacity building of healthcare providers. 
It was also highlighted that practical 
implementation guidance is important to 
ensure equity, acceptability and feasibility 
are increased and family-centred, 
integrated interventions achieve what they 
intend to do, which is bringing child and 
adolescent services closer to patients and 
to reduce the burden and cost for them.
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SUMMARY OF JUDGEMENTS

JUDGEMENT
PROBLEM No Probably no Probably yes Yes Varies Don’t know

DESIRABLE EFFECTS Trivial Small Moderate Large Varies Don’t know

UNDESIRABLE EFFECTS Large Moderate Small Trivial Varies Don’t know

CERTAINTY OF EVIDENCE Very low Low Moderate High No included studies

VALUES Important uncertainty 
or variability

Possibly important 
uncertainty or variability

Probably no important 
uncertainty or variability

No important 
uncertainty or variability

BALANCE OF EFFECTS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies Don’t know

RESOURCES REQUIRED Large costs Moderate costs Negligible costs and savings Moderate savings Large savings Varies Don’t know

COST EFFECTIVENESS Favors the comparison Probably favors the 
comparison

Does not favor either the 
intervention or the comparison

Probably favors the 
intervention

Favors the 
intervention Varies No included studies

EQUITY Reduced Probably reduced Probably no impact Probably increased Increased Varies Don’t know

ACCEPTABILITY No Probably no Probably yes Yes Varies Don’t know

FEASIBILITY No Probably no Probably yes Yes Varies Don’t know

TYPE OF RECOMMENDATION

Strong recommendation 
against the intervention

Conditional recommendation 
against the intervention

Conditional recommendation 
for either the intervention or 

the comparison

Conditional recommendation 
for the intervention

Strong recommendation for 
the intervention

○ ○ ○   ○ 

CONCLUSIONS

Recommendation
Family-centred, integrated services in addition to standard TB services may be used in children and adolescents with signs and symptoms of TB and/or those exposed to TB (conditional recommendation; very low 
certainty evidence). 

Remarks:
Family-centred, integrated approaches are recommended as an additional option to standard TB services, for example alongside specialized services that may have a limited level of integration with other programmes 
or linkages to general health services
Family-centred care is a cross-cutting principle of child care at all levels
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Justification
Capacity for paediatric TB is often highly centralized at secondary/tertiary level, where children may present seriously ill, after delays in accessing care. Capacity at higher levels of care is often managed in a vertical, 
non-integrated way. Healthcare workers at primary health care (PHC) level may have limited capacity and confidence in managing paediatric TB, although this is where most children with TB or at risk of TB seek care. In 
addition. TB screening is often not systematically part of clinical algorithms for child health (e.g. IMCI and iCCM). Private sector providers play an increasing role as first point of care in many countries. There are many 
missed opportunities for contact tracing, TB prevention, detection and care of TB as a result of weak integration of child and adolescent TB services with other programmes and services. Decentralization and family-
centred, integrated care are highlighted as one of ten key actions in the 2018 Roadmap (1). 
This set of PICO questions looks at the impact of i. decentralization and ii. family-centred, integrated approaches of child and adolescent TB services on case detection in children who present with signs and symptoms of 
TB. They also examine the impact of these approaches on coverage of TB preventive treatment in children and adolescents exposed to TB. 
Definitions related to this PICO question:
Decentralization: provision of/access to/capacity for child and adolescent TB services at a lower level of the health system than the lowest level where this is currently routinely provided (in most settings, district hospital 
(first referral level hospital) and/or primary health care level and/or community level).
Family-centred, integrated services:
Family-centred models of care: interventions selected on the basis of the needs, values and preferences of the child or adolescent and his or her family or caregiver. This can include health education, communication, 
material or psychological support. As part of the evidence review, patient-provider partnerships and participatory decision-making were aspects of family centred care that were added to the definition. 
Integrated services: approaches to strengthen collaboration, coordination, integration and harmonization of child and adolescent TB services with other child health related programmes and services.
A systematic review of studies assessing the impact of decentralized, integrated, or family-centred care models on TB diagnostic, treatment, or prevention outcomes for individuals 0–19 years old, comprising both 
children (0–9 years old) and adolescents (10–19 years old), was conducted to answer this group of PICO questions. The PubMed, Embase, Web of Science, Global Index Medicus, Global Health, and Cochrane Central 
databases were searched, as well as the references of 17 related reviews. 3,265 abstracts from databases and 129 additional references from related reviews were identified and assessed. 516 full-text articles were 
assessed for eligibility, from which 25 comparative studies (7 randomized, 18 observational) were identified; one unpublished observational was added for a total of 26 studies. 4 studies (1 randomized, 3 observational) 
were excluded after review because the care model described was community-based directly observed treatment, for which a WHO recommendation already exists (World Health Organization, 2017). Of the remaining 
included studies, 16 had elements of decentralization, 5 had elements of integration, and 3 had elements of family-centred care; 4 studies had elements of more than one care model of interest, but were only included 
based on their main model, e.g. either decentralization or family-centred, integrated care. Most focused on the 0–14 year age group. 
Studies where the primary intervention was decentralization mostly assessed diagnosis or case notification outcomes (n=16), with fewer assessing TPT outcomes (n=3). In general, interventions that included both 
strengthening diagnostic capacity in primary care settings as well as strengthening linkages between communities and facilities consistently showed increases in case notifications and TPT initiations, while interventions 
that involved only community-based activities did not. Two studies of service integration were identified, which showed limited impact on case notifications of screening in integrated management of childhood illness 
clinics or co-location of TB and antiretroviral therapy (ART) services. Two studies of family-centred care were identified, which showed that provision of socioeconomic support packages to families affected by TB was 
associated with increased TPT initiation and completion. The reviewers noted that, while a substantial amount of literature on integration and family-centred care is available, evidence for the specific impact on child and 
adolescent TB outcomes is limited. Some overlap was noted between integration of TB services into non-specialized settings such as general outpatient or primary care services, and decentralization. For the evidence 
review this was a slightly artificial separation, while in practice decentralization and integration into primary health care may go hand in hand.
The GDG discussed that family-centred, integrated care includes interventions at household level to identify members of the household requiring evaluation for TB disease, TPT, treatment support etc. Some overlap 
between integration of TB services into non-specialized settings such as general outpatient or primary care services, and decentralization was noted. For the evidence review this was a slightly artificial separation, while 
in practice decentralization and integration into primary health care may go hand in hand. Overall, despite a lack of evidence on undesirable effects and low quality of the data, the panel agreed that there is evidence 
of positive effects of family-centred integrated care. It was suggested that family-centred, integrated care could be an addition to the standard of care as well as to specialized services which do not have an integration 
component. Family-centred care in the sense of family involvement was highlighted as a core principle of child health care.
The GDG discussed that setting specific factors related to TB burden or the organization of health services may impact feasibility, acceptability, and equity considerations. They also discussed that initial health system 
costs to establish decentralized and family-centred, integrated services may be relatively high (e.g. related to infrastructure, human resources, training, equipment, community engagement etc.), but that costs are likely 
to decrease over time, assuming that cases are effectively managed and TPT provided at the peripheral level, leading to a reduction in TB incidence. Decentralized and family-centred, integrated services may result 
in important savings for affected families. Equity was considered an important cross-cutting issue impacting cost as well. The GDG highlighted that TPT implementation can be very challenging with high levels of loss 
to follow-up in programmes implemented at higher levels of the health system, considering that children who are eligible for TPT are not sick. The panel agreed that decentralization and integration of services can 
potentially increase equity and enhance the success of the programme and judged that cost-effectiveness probably favours decentralized and family-centred, integrated approaches to both case finding and provision 
of TPT. 
While the GDG stressed the importance of taking into consideration the potential impact of stigma, when decentralizing TB services for children and adolescents to lower levels, the panel judged that decentralized 
approaches are probably acceptable to key stakeholders. Overall decentralized and family-centred, integrated approaches were judged feasible to implement, although feasibility may vary depending on infrastructure, 
available funding and the structure of the national TB control programme, among others. However, adequate investment is critical to enable the acceptability, equity and feasibility of decentralized approaches.
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Subgroup considerations
In children with illnesses that present with overlapping signs and symptoms of TB, approaches to integrate TB care into other services can be beneficial to improve case detection and provision of TPT. 
These sub-groups include: 
Children with severe acute malnutrition
Children with severe pneumonia (including inpatient management – where the prevalence of TB may be higher compared to outpatients)
Children with other chronic diseases
 
There are specific sub-group considerations for adolescents which were not discussed extensively during the GDG meeting but additional guidance on providing care for adolescents will be provided in the operational 
handbook on the management of TB in children and adolescents. 

Implementation considerations
Although in child health, care evolves around the family, the concept of family-centred care has not been well defined. Family-centred care is related to the more common concept of patient-centred care. Patient-centred 
care in the End TB Strategy (5) is defined as follows: “Patient-centred care involves systematically assessing and addressing the needs and expectations of patients. The objective is to provide high-quality TB diagnosis 
and treatment to all patients – men, women and children – without their having to incur catastrophic costs. Depending on patients’ needs, educational, emotional and economic support should be provided to enable 
them to complete the diagnostic process and the full course of prescribed treatment.” Multiple definitions of family centred care exist, and these include components of support and education based on individual needs, 
building a patient-provider partnership and participatory decision-making. Family-centred care also includes interventions at the level of the household to identify members of the household requiring evaluation for TB 
disease, TPT, treatment support etc.
As the concept of family-centred, integrated care may be setting specific, one of the first steps in implementation includes clarifying which definition applies to the setting in which it is to be implemented. Similarly, the 
implementation strategy varies by setting and needs to be country- or region-specific, informed by social, cultural and societal values. 
The package of TB services to be provided needs to be defined and developed by the national TB programme, in close coordination with other relevant programmes, for example through an existing child and 
adolescent TB technical working group. This package needs to be based on identifying and addressing capacity needs for national programmes interested in implementing proposed interventions, and ideally based 
on family and community perceptions on the ideal family-centred model of care. For example, it could include community-based models for contact investigation, identifying children with TB signs and symptoms or 
exposure as part of routine growth monitoring services or an integrated model for Integrated Management of Childhood Illnesses (IMCI) integration, starting with the sick child and identifying signs and symptoms that 
demonstrate a high likelihood of TB. 
Integration can start within the family, by equipping the family with the knowledge to recognize signs and symptoms, to understand the importance of a history of contact, to know when to seek help at the healthcare 
facility and how to minimize stigma related to TB. High yield entry points provide a good starting point within the health system. For example, child and adolescent TB services can be integrated in malnutrition clinics, 
antenatal care, immunisation services, inpatient settings, adult TB and chest clinics, general paediatric clinics. Ideally TB care should be integrated into general health services, rather than be limited to enhanced 
coordination between two programmes. In the early phase, pilot programmes could be considered, which should be evaluated and adjusted as needed and then scaled up. 
Factors to consider in designing an integrated approach to child and adolescent TB care include the existing infrastructure (e.g. baseline health infrastructure, needs for expansion or upgrading), the applicable regulatory 
framework, financing, choosing between an operational research setting or programmatic implementation, human resource issues (e.g. staffing requirements and HR development such as capacity building/training and 
consultation skills), monitoring and evaluation, conducting qualitative research into community needs, perceptions (including views on stigma) and suggestions. 
Differentiated service delivery is a person-centred approach developed in the HIV programme that simplifies and adapts HIV services across the cascade in ways that both serve the needs of people living with and 
vulnerable to HIV and optimize the available resources in health systems. The principles of differentiated service delivery can be applied to prevention, testing, linkage to care, ART initiation and follow-up and integration 
of HIV care and coinfections and comorbidities (World Health Organization, 2021). This approach embraces the idea that families are given choices to interact with the health system and could provide a possible 
mechanism for integration of child and adolescent TB services within primary health or other programmes. 

Monitoring and evaluation
Moving to decentralized, family-centred, integrated services requires careful planning, and regular monitoring of implementation against the plan. The capacity needs of national programmes interested in implementing 
the proposed interventions need to be identified and addressed. 
Enhanced data collection around child and adolescent TB potentially takes a substantial amount of additional time and detailed data collection may only be feasible in specific operational research settings. Programmes 
generally have registers in place for contact investigation, treatment registration and outcomes, TPT registers. The use of these (preferably electronic) tools is important as programmes move to a more decentralized and 
family-centred, integrated approach, to ensure comprehensive management and treatment. The use of these tools needs to be evaluated and enhanced, including through operational research. 
It will be important to monitor the number of children diagnosed at different levels of the health system, including the proportion of children who have bacteriological confirmation, the proportion who were clinically 
diagnosed as well as the number of children initiated on and completing TPT. Evaluating the quality of services (covering the quality of all steps in the patient pathway, from screening, to diagnosis and treatment) as well 
as client satisfaction are important components as well. 
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Research priorities
Detailed description of currently operating family-centered and integrated services; associated costs and cost-effectiveness
Implementation research on the components of these interventions; assessment of real-world implementation of these programmes
Feasibility and acceptability of family-centred, integrated and/or decentralized approaches to child and adolescent TB care for case detection and for TPT provision in different settings
Costs and catastrophic costs
Cost-effectiveness evaluations of family-centred, integrated and/or decentralized approaches, considering currently available resources (some models assume that these interventions are built upon existing structures 
that do not exist)
Outcomes of interest: initiation of preventive treatment; number of additional children and adolescents diagnosed; delay, retention in care, treatment completion, clinical outcomes (e.g., treatment success); Qualitative 
research related: stigma, mental health outcome, school interruption, equity
Evaluation of outcomes of interest using randomized, non-randomized designs, qualitative design
Baseline needs assessment in the community, community perceptions regarding TB care and prevention for children and adolescents
Research on the quality of TB diagnosis in children – addressing both under-diagnosis and over-diagnosis.
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