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Summary
Background Children with severe acute malnutrition (SAM) are an important risk group for underdiagnosis and death
from tuberculosis. In 2022, the World Health Organization (WHO) recommended use of treatment decision algo-
rithms (TDAs) for tuberculosis diagnosis in children. There is currently no cost-effectiveness evidence for TDA-based
approaches compared to routine practice.

Methods The TB-Speed SAM study developed i) a one-step TDA including Xpert, clinical, radiological and echography
features, and ii) a two-step TDA, which also included a screening phase, for children under 5 years hospitalised with
SAM at three tertiary hospitals in Uganda and Zambia from 4th November 2019 to 20th June 2022. This study is
registered with ClinicalTrials.gov, NCT04240990. We assessed the diagnostic accuracy and cost-effectiveness of
deploying TB-Speed and WHO TDA-based approaches compared to the standard of care (SOC). Estimated
outcomes included children started on tuberculosis treatment, false positive rates, disability-adjusted life years
(DALYs) and incremental cost-effectiveness ratios (ICERs).

Findings Per 100 children hospitalised with SAM, averaging 19 children with tuberculosis, the one-step TDA initiated 17
true positive children (95% uncertainty intervals [UI]: 12–23) on tuberculosis treatment, the two-step TDA 15 (95%UI:
10–22), the WHO TDA 14 (95%UI: 9–19), and SOC 4 (95%UI: 2–9). The WHO TDA generated the most false positives
(35, 95%UI: 24–46), followed by the one-step TDA (18, 95%UI: 6–29), the two-step TDA (14, 95%UI: 1–25), and SOC
(11, 95%UI: 3–17). All TDA-based approaches had ICERs below plausible country cost-effectiveness thresholds
compared to SOC (one-step: $44–51/DALY averted, two-step: $34–39/DALY averted, WHO: $40–46/DALY averted).

Interpretation Our findings show that these TDA-based approaches are highly cost-effective for the vulnerable group
of children hospitalised with SAM, compared to current practice.
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Introduction
Tuberculosis mortality remains high in children glob-
ally, with 187,500 deaths estimated by the World Health
Organization (WHO) for 1⋅25 million paediatric cases in
2023.1,2 The vast majority of childhood tuberculosis
deaths occur because the disease remains undiagnosed
and, therefore, untreated.3 Bacteriological tuberculosis
diagnosis is challenging in children due to paucibacil-
lary disease and challenging sample collection.4 Current
diagnosis relies mostly on clinical and radiographic
features, which lack specificity, notably in children with
immunodeficiency (Vonasek et al., 2022). Recent studies
show that children under 5 years of age with Severe
Acute Malnutrition (SAM) are an important risk group
for the development of tuberculosis, and are at high risk
of going undiagnosed.5–7

SAM is defined by WHO as severe wasting, i.e., low
weight for height ratio, upper arm circumference
(<115 mm), or clinical signs of bilateral nutritional pitting
oedema,8 and is associated with high mortality. Child-
hood malnutrition is a major global health challenge with
45 million children affected, accounting for almost 50%
of the deaths in children under the age of 5 years.9,10 The
WHO estimates that undernutrition causes 20% of global
tuberculosis cases, though the burden in children with
SAM remains unclear (WHO 2024). Children with SAM
require a different approach to TB diagnosis due to
overlapping symptoms, non-specific radiological signs,
poor test performance, and delayed diagnosis, increasing
the risk of under-detection, mortality, and poor treatment
outcomes (Vonasek et al., 2022). Therefore, improving
case detection in children with SAM could contribute to
reducing mortality in this vulnerable group and is
essential to achieving the global target of zero deaths
from tuberculosis in children by 2030.6,7

Treatment decision algorithms (TDAs) are scoring
systems for clinical, radiological and microbiological
features. Treatment initiation is recommended above a
predetermined score threshold.11 Aiming to standardise
and accelerate the identification of tuberculosis in chil-
dren, TDAs could fill the detection gaps in vulnerable
groups, often difficult to diagnose. WHO recently
conditionally recommended the use of TDAs for the
diagnosis of tuberculosis in children below 10 years old
with symptoms suggestive of pulmonary tubercu-
losis.12,13 Specifically, WHO suggested using two TDAs
for settings with chest X-ray [CXR] (algorithm A) and for
settings without CXR (algorithm B). These two TDAs
use the same diagnostic approach for the general pae-
diatric population and highly vulnerable children such
as those with SAM that may require customised
approaches.

In 2023, the TB-Speed SAM study was the first to
develop TDAs specifically for children under 5 years
hospitalised with SAM at tertiary hospitals in Uganda
and Zambia.14 Two TDAs were developed: i) a one-step
TDA, including Xpert, clinical, radiological and echog-
raphy features assessment in all children, and ii) a two-
step TDA including a screening phase followed by
similar assessment in those who screen positive. Cha-
bala et al. found that both TDAs demonstrated satis-
factory diagnostic accuracy with a sensitivity of 86.1%
(95% confidence interval [CI]: 78.1–91.6) and specificity
of 80.9% (95% CI: 76.9–84.3) for the one-step TDA, and
a sensitivity and specificity of 79.2% (95% CI: 70.3–86.0)
and 83.6% (95% CI: 79.9–86.8) for the two-step TDA,
with a 30% reduction of tuberculosis assessments
needed, due to the screening step.14

In this study, we sought to assess the overall diag-
nostic accuracy and quantify the cost-effectiveness of the

Research in context

Evidence before this study

In 2022, the WHO conditionally recommended the use of

treatment decision algorithms (TDAs) for tuberculosis

diagnosis in children aged <10 with presumptive pulmonary

tuberculosis. The WHO-suggested TDAs propose a single

approach to TB diagnosis in all children whereas the TB Speed

SAM study developed specific algorithms for children <5 years

hospitalised with Severe Acute Malnutrition (SAM). We found

no economic evaluations of a TDA-based approach (screening,

testing, treatment) for tuberculosis diagnosis.

Added value of this study

This study found that for children hospitalised with SAM, all

TDA-based approaches for paediatric tuberculosis diagnosis

were cost-effective compared to the standard of care from a

health systems perspective in Uganda and Zambia, including

in lower tuberculosis prevalence settings. The TB-Speed two-

step and WHO TDAs had lower costs than the TB-Speed one-

step because their screening step resulted in fewer

assessments overall, but also a smaller health impact due to a

slightly lower sensitivity. The TB-Speed one-step TDA had the

greatest health impact while remaining cost-effective, making

it the preferred option.

Implications of all the available evidence

The WHO has conditionally recommended incorporating

TDAs, pending validation, into existing case detection

strategies to support the decentralisation of clinical tools and

improve the identification of tuberculosis in children. Our

findings show that TDA-based approaches are cost-effective

for the vulnerable group of children hospitalised with SAM,

compared to current practices, and our sensitivity analysis

suggests that these results are robust. This analysis

contributes valuable evidence to support the interim WHO

recommendation on decentralised models of care.
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two TB-Speed SAM TDAs and the WHO-suggested
TDA A (with CXR; WHO TDA hereafter) compared to
routine clinical practice, from a health system perspec-
tive, for tuberculosis screening and diagnosis in chil-
dren hospitalised with SAM.

Methods
Study design
We conducted a cost-effectiveness analysis of the TB-
Speed SAM study using patient pathways, costs and
cost-effectiveness modelling. We assessed the two TB-
Speed SAM TDAs and the WHO TDA compared to
routine clinical practice, from a health system perspec-
tive. The TB-Speed SAM study design has been
described elsewhere.14 In addition, we evaluated the
diagnostic accuracy of the WHO TDA.

Ethics
The study was approved by the sponsor’s institutional
review committee, the WHO ethical review committee,
and the national ethics committees and institutional
review boards in Uganda and Zambia. Written
informed consent was obtained from parents or guard-
ians. The TB-Speed SAM study is registered with
clinicaltrials.gov (NCT04240990).

Patient pathways
Approximately 10 international and local medical doc-
tors, who are engaged in both clinical practice and
research at tertiary-level hospitals, contributed expert
input for the modelling assumptions used in the study.
We developed conceptual models with country experts
to represent patient care pathways and resource use for
four comparator arms: a standard of care (SOC), the
one-step TDA, two-step TDA, and the WHO TDA
(Fig. 1). The SOC pathway represented typical care in
tertiary level hospitals in Uganda and Zambia, with a
mix of options for assessment. The one-step and two-
step approaches were based on the TB-Speed SAM
study protocol and results,14 and the WHO TDA was
based on the 2022 WHO operational handbook.12

(Appendix Figs. 1, 2 and 3). The TB-Speed SAM one-
step TDA proposes systematic Xpert testing on stool
and gastric aspirate samples, clinical evaluation, CXR
and abdominal ultrasound echography. Children with a
score ≥10 during clinical assessment are immediately
initiated on TB treatment and do not receive echog-
raphy. They receive Xpert testing for bacteriological
confirmation and to assess whether there is drug-
resistance as well as CXR to assess the disease
severity. The two-step TDA presents a screening phase
of clinical examination and HIV testing, then is similar
to the one-step TDA for those with presumptive tuber-
culosis. The WHO TDA uses similar features to the one-
step TDA, except for echography, and in that it is used
in children with presumed tuberculosis on the basis of

chronic symptoms. We based the diagnostic accuracy of
screening for initial assessment and reassessment on
data from TB-Speed SAM.

Screening for tuberculosis
In the SOC, children admitted to hospital with SAM
received non-systematic screening for tuberculosis, with
a coverage of 80% suggested by clinicians. For the TDA
arms, systematic screening for tuberculosis was con-
ducted for all. Children were assumed to screen positive
if they exhibited any respiratory symptoms, clinical
signs, or other risk factors, such as HIV or a history of
tuberculosis contact. We did not consider tuberculosis
rescreening for any arm. See Appendix Tables 1 and 2
for details.

Reassessment following negative initial
tuberculosis assessment
Using the TB-Speed SAM data, we defined a reassessment
process for all arms, using i) the sensitivity and specificity
of the clinician’s choice to reassess; and ii) the sensitivity
and specificity of the reassessment examination. Reas-
sessment was taken to comprise CXR, Xpert on gastric
aspirate, and clinical assessment, and their sensitivity and
specificity were conditional on results of the initial
assessment being negative (Appendix section 4). We
assumed that children can only be reassessed once.

Evaluation of TDA diagnostic accuracy
A synthetic population of 10,000 children was created
matching frequency cross-tabulations of signs and
symptoms among children evaluated as true tubercu-
losis and not tuberculosis by an expert committee within
the TB-Speed SAM study (N = 535),14 and scores calcu-
lated for each TDA. Tuberculosis screening variables
were resampled from the TB-Speed SAM cohort to ac-
count for higher order correlations. Resampling was
also conducted on all variables of the TB-Speed SAM
cohort to ensure unbiased replication for our synthetic
cohort and found acceptable (results not shown). To
maintain full reproducibility while not including data
allowing reconstruction of the individual cohort data, we
used a hybrid approach of modelling the screening
variables using resampled data, while retaining the
synthetic cohort-based approach to other variables.
Symptoms included fatigue, loss of appetite, fever, and
weight loss. Signs included results from the clinical
exam, radiological testing (CXR), abdominal ultrasound,
and microbiological test results (Xpert and HIV testing).
Two symptoms (night sweat and haemoptysis) used in
the WHO diagnostic score were not collected in TB-
Speed SAM; their tuberculosis-stratified frequency was
based on Gunasekera and al.13 Diagnostic accuracy of all
TDAs for the synthetic cohort was assessed against
expert committee tuberculosis status from the TB-Speed
SAM study, using the updated NIH Clinical Case
Definition.14,15
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Costing approach
Cost data collection tools were adapted from the Value
TB costing tool suite, with reference to the WHO
guidelines.16 Labour costs were sourced from national
pay scales and project accounts, medications from the
Global Drug Facility catalogue,17 consumables, staff
training, and equipment from project accounts, and
hospitalisation cost of an inpatient bed day from WHO-
CHOICE unit cost estimates.18 As this intervention did
not change facility infrastructure, we excluded facility-
associated overhead costs from the analysis.

Proportionate use of major equipment such as X-ray
or Xpert machines was based on expected lifespan and
annual number of uses. Key informants at MSF-
Logistique (https://www.msflogistique.org/) estimated
expected lifespan and laboratory managers in the three
tertiary hospitals provided the number of annual uses.
To value the contribution of labour, we conducted a time
and motion study to estimate the length of time that
staff spent on each patient care task under the TB-Speed
intervention.19

Unit costs were estimated using ingredient-based
costing. Services provided to patients were valued by
multiplying quantities required by their unit costs. Costs
were estimated in 2021 US dollars (US$), using a discount
rate of 3% to annualise equipment costs.20,21 Lateral flow
urine lipoarabinomannan (LF-LAM) test costs were based
on literature.22 Since all TB care costs were incurred
within a single year, discounting was not required. See
Appendix Tables 5 and 6 for cost parameters.

Modelling approach
A decision-analytic cost-effectiveness model was devel-
oped in R software (version 4⋅3⋅0) to estimate the clinical

benefits and cost-effectiveness of each diagnostic
approach. A patient-level decision tree model repre-
sented clinical pathways shown in Fig. 1, with outcomes
depending on true tuberculosis status. The probabilities
of having tuberculosis, diagnosis, treatment, and death
were based on TB-Speed SAM study data and expert
opinion. In particular, counts of children among the
cohort stratified by tuberculosis status were used to
parametrize beta distributions for branching probabili-
ties, assuming uniform priors. See Appendix Table 7 for
non-cost parameters.

Outcomes
For each arm, we report the sensitivity and specificity of
the tuberculosis screening step only, and of the overall
arm (screening, initial assessment and reassessment),
false positive and false negative rates, positive predictive
value (PPV), and negative predictive value (NPV). We
computed country-specific total and incremental mean
costs and life-years lost over a lifetime horizon (with and
without 3% discounting). Case fatality rates by tuber-
culosis status and treatment status were estimated from
the TB-Speed SAM cohort and used to calculate deaths
averted between arms. We disregarded the contribution
of morbidity to disability-adjusted life years (DALYs),
which has previously been shown to be a good approx-
imation.23 We calculated DALYs using the life expec-
tancy tables provided by the United Nations. These
metrics were reported per 100 children admitted to
hospital with SAM.

We report incremental cost-effectiveness ratios
(ICERs) for all diagnostic approaches in each country.
An estimated cost-effectiveness thresholds range for
each country was used to assess potential cost-

Fig. 1: Model patient care pathways for the diagnosis and treatment of tuberculosis in children hospitalised with severe acute malnutrition

(SAM). *Tuberculosis (TB) diagnosis includes the possibility of rifampicin-resistant TB. CXR = chest X-ray; GA = gastric aspirate;

LAM = lipoarabinomannan lateral flow assay; TB = tuberculosis; TDA = treatment decision algorithm.
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effectiveness.24 We also report cost-effectiveness
acceptability frontiers (CEAF).25 We present our find-
ings at the cohort tuberculosis prevalence (18⋅9%) and at
lower prevalence levels similar to those reported in other
studies on children with SAM (10⋅0%, 5⋅0%).5 All re-
sults, including equal-tailed 95% uncertainty intervals,
were calculated using a probabilistic sensitivity analysis
using Monte Carlo simulations with 1000 parameter
and cohort samples.

A health economic analysis plan was developed and
is available upon request. We complied with the
Consolidated Health Economic Evaluation Reporting
Standards (CHEERS 2022) reporting guidelines.26

Statistics
We conducted sensitivity analyses to assess the impact
of all model parameters on estimated ICERs compared
to the SOC, using the interquartile range’s lower and
upper limits, differentiated by TDA approach and by
country.

Role of the funding source
The study funders had no role in the study design, data
collection, data analysis, data interpretation, or writing
of the report. The corresponding author had full access
to all the data in the study and had final responsibility
for the decision to submit for publication.

Results
Accuracy of the SOC and TDA-based approaches
The two-step TDA had the highest screening sensitivity
(89%, 95% uncertainty interval (UI): 81–94) followed by
the WHO TDA (80%, 95% UI: 71–87), whereas the SOC
had the lowest sensitivity (37%, 95% UI: 28–48)
explained by an assessment solely based on the presence
of chronic fever or cough (>2 weeks), and tuberculosis
contact history (Table 1). Screening specificity was the
highest for SOC (79%, 95% UI: 75–83), followed by two-
step TDA (35%, 95% UI: 30–39), and WHO TDA (28%,
95% UI: 23–32). Combined screening and treatment
decision sensitivity was the highest for one-step TDA
(92%, 95% UI: 85–98), followed by the two-step TDA
(82%, 95% UI: 72–92), the WHO TDA (77%, 95% UI:
64–88) and the SOC (26%, 95% UI: 15–38). The overall
specificity was the lowest for the WHO TDA (57%, 95%
UI: 51–63), followed by the one-step TDA (78%, 95%
UI: 73–83), the two-step TDA (84%, 95% UI: 79–88) and
the SOC (87%, 95% UI: 83–91).

Per 100 children hospitalised with SAM, tuberculosis
diagnostic assessment was much higher in the three
TDA arms (70 [95% UI: 64–75] to 100 [95% UI:
100–100] children) compared to the SOC (19 children,
95% UI: 15–24). The WHO TDA initiated the highest
number of children on tuberculosis treatment
(49, 95% UI: 43–55), followed by the one-step TDA
(35, 95% UI: 29–41), the two-step TDA (29, 95% UI:

23–35), and only 15 (95% UI: 12–19) children were
initiated on treatment in the SOC. However, as shown
by the overall arm sensitivity (1—false negative rate)
and specificity (1—false positive rate), the WHO TDA
also presented the highest rate of false positives (43,
95% UI: 37–49), followed by the one-step TDA (22,
95% UI: 17–27), the two-step TDA (16, 95% UI:
12–21) and the SOC (13, 95% UI: 9–17). Therefore,
the number of true positive cases initiated on treat-
ment was similar across the three TDA arms (14 [95%
UI: 9–19] to 17 [95% UI: 12–23] children) and was
three to four times higher than the SOC (4 [95% UI:
2–9] children). Across all arms, the vast majority of
children treated (>97%, 95% UI: 96–100) were initi-
ated on tuberculosis treatment following the first
assessment. PPV was highest in the two-step TDA
(54%, 95% UI: 44–64) and was lowest in the WHO
TDA (29%, 95% UI: 23–35), whereas NPV was highest
in the one-step TDA (97%, 95% UI: 95–99) and lowest
in the SOC (83%, 95% UI: 80–86). At lower tubercu-
losis prevalence, the NPV remained high, but the PPV
significantly decreased due to the rarity of true positive
children detected.

Costs and cost-effectiveness
Costs were slightly higher in Zambia than in Uganda
(Table 2). We present the results for Uganda, with the
full model outputs (both discounted and undiscounted)
provided in the appendix at varying levels of tubercu-
losis prevalence (Appendix Table 8). Incremental costs
per child going through the patient care pathway were
highest for the one-step TDA ($75, 95% UI: 70–80),
then for the WHO TDA ($53, 95% UI: 46–60), followed
by the two-step TDA ($49, 95% UI: 42–57), compared to
the SOC. Compared to the SOC, the three TDA-based
approaches had similar impact on child deaths averted
(5, 95% UI: 3–7), resulting in DALYs averted of 171
(95% UI: 113–235) for the one-step TDA, 145 (95% UI:
88–201) for the two-step TDA, and 131 (95% UI:
78–190) for the WHO TDA.

Incremental costs and DALYs averted are shown on a
cost-effectiveness plane (Fig. 2). All three TDA-based
approaches compared to the SOC presented ICERs
well below estimates of implied country cost-
effectiveness thresholds (UG: 150–194 $/DALY aver-
ted, ZM: 364–500 $/DALY averted, Appendix Table 9).
The probability of two-step TDA being cost-effective at
these thresholds compared to SOC was close to 100%,
with ICERs of $34/DALY averted (UG) or $39/DALY
averted (ZM) (Fig. 2). The one-step TDA was more
effective but costlier, whereas the WHO TDA was less
effective but costlier than the two-step TDA. ICERs for
the one-step TDA compared to the two-step TDA (UG:
$98/DALY averted, ZM: $115/DALY averted) are also
below the country-specific threshold ranges, making this
highly likely to be cost-effective (Fig. 2). The CEAF in-
dicates that in both countries, the one-step TDA is the
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Diagnostic approach Standard of

care

One-step

TDA

Two-step

TDA

WHO

TDA

Standard of

care

One-step

TDA

Two-step

TDA

WHO

TDA

Standard of

care

One-step

TDA

Two-step

TDA

WHO

TDA

Tuberculosis prevalence (%) 18⋅9

(17⋅7–20⋅0)a
10⋅0

(9⋅0–11⋅0)

5⋅0

(4⋅5–5⋅5)

Cascade of care

(per 100 children hospitalised with SAM)—n

(95% UI)

Screened for tuberculosis 80

(70–90)

100

(100–100)

100

(100–100)

100

(100–100)

80

(70–90)

100

(100–100)

100

(100–100)

100

(100–100)

80

(70–90)

100

(100–100)

100

(100–100)

100

(100–100)

Assessed for tuberculosis 19

(15–24)

100

(100–100)

70

(64–75)

74

(69–79)

18

(14–22)

100

(100–100)

68

(62–73)

73

(68–78)

17

(13–22)

100

(100–100)

67

(61–72)

73

(68–78)

Reassessed for tuberculosis 2

(0–3)

21

(16–25)

14

(10–18)

8

(6–11)

1

(0–3)

21

(17–26)

14

(10–18)

8

(5–11)

1

(0–3)

22

(17–26)

14

(10–18)

8

(6–12)

Initiated on tuberculosis treatment 15

(12–19)

35

(29–41)

29

(23–35)

49

(43–55)

14

(10–18)

29

(22–38)

23

(16–31)

46

(40–53)

14

(10–18)

26

(20–36)

20

(14–29)

45

(38–51)

Initiated on tuberculosis treatment

(true positive children only)

4

(2–9)

17

(12–23)

15

(10–22)

14

(9–19)

2

(0–6)

8

(5–14)

8

(4–14)

7

(4–11)

1

(0–6)

4

(2–8)

4

(1–8)

3

(1–6)

Initiated on tuberculosis treatment at initial

assessment

15

(12–19)

34

(28–41)

28

(22–35)

48

(42–55)

14

(10–18)

28

(21–38)

23

(15–31)

46

(39–53)

14

(10–18)

25

(19–36)

20

(14–29)

45

(37–51)

Diagnostic accuracy metrics of arm—%

(95% UI)

False positive rate 13

(9–17)

22

(17–27)

16

(12–21)

43

(37–49)

13

(9–17)

22

(17–27)

16

(12–21)

43

(37–48)

13

(9–17)

22

(17–27)

16

(12–21)

43

(37–49)

False negative rate 74

(62–85)

8

(2–15)

18

(8–28)

23

(12–36)

74

(54–93)

8

(0–21)

18

(0–36)

24

(5–43)

74

(0–100)

8

(0–33)

17

(0–54)

24

(0–71)

Positive predictive value 31

(17–49)

49

(42–57)

54

(44–64)

29

(23–35)

18

(4–36)

31

(24–39)

36

(25–48)

16

(11–22)

9

(0–36)

18

(11–23)

21

(10–30)

8

(3–12)

Negative predictive value 83

(80–86)

97

(95–99)

95

(92–97)

91

(85–95)

91

(88–93)

98

(96–100)

97

(95–100)

95

(91–99)

95

(94–100)

99

(97–100)

98

(96–100)

97

(93–100)

Screening sensitivityb 37

(28–48)

100

(100–100)

89

(81–94)

80

(71–87)

37

(28–48)

100

(100–100)

89

(81–94)

80

(71–87)

37

(28–48)

100

(100–100)

89

(81–94)

80

(71–87)

Screening specificityb 79

(75–83)

0

(0–0)

35

(30–39)

28

(23–32)

79

(75–83)

0

(0–0)

35

(30–39)

28

(23–32)

79

(75–83)

0

(0–0)

35

(30–39)

28

(23–32)

Overall arm sensitivity 26

(15–38)

92

(85–98)

82

(72–92)

77

(64–88)

26

(7–46)

92

(79–100)

82

(64–100)

76

(57–95)

26

(0–100)

92

(67–100)

83

(46–100)

76

(29–100)

Overall arm specificity 87

(83–91)

78

(73–83)

84

(79–88)

57

(51–63)

87

(83–91)

78

(73–83)

84

(79–88)

57

(52–63)

87

(83–91)

78

(73–83)

84

(79–88)

57

(51–63)

aPrevalence of tuberculosis in the TB-Speed SAM study. bUncertainty intervals are exact binomial confidence intervals from the actual cohort, UI: uncertainty interval.

Table 1: Accuracy of the standard of care, TB-Speed SAM and WHO treatment decision algorithms at classifying tuberculosis in 100 children hospitalised with severe acute malnutrition (SAM) at varying tuberculosis

prevalence.
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optimal choice, offering the highest mean net benefit
and remaining cost-effective (Fig. 3).

Sensitivity analysis
The parametric sensitivity analysis indicates that the key
drivers of cost-effectiveness are the tuberculosis case
fatality rates, the cohort tuberculosis prevalence, and the
SOC screening sensitivity (Appendix Fig. 5).

Discussion
Benchmarked against estimates of country cost-
effectiveness thresholds, this study found that all three
TDA-based approaches for diagnosing paediatric

tuberculosis in children hospitalised with SAM could be
cost-effective compared to SOC from a health systems
perspective in Uganda and Zambia. The TB-Speed SAM
two-step TDA was cheaper than the TB-Speed SAM one-
step and WHO TDAs because its first step resulted in
fewer assessments overall. The WHO TDA was domi-
nated by the TB-Speed SAM two-step TDA because it
was more costly and less effective. The TB-Speed one-
step TDA had the highest costs and health impact.
When multiple interventions are compared, the one
with the highest expected net benefit is the cost-effective
option at a particular cost-effectiveness threshold.27 TB-
Speed one-step was optimal in Zambia for thresholds
over $115/DALY averted, and in Uganda for thresholds

Arm (vs. Comparator) Uganda Zambia

Per child hospitalised with SAM

Costs per child (95% UI) in 2021 US dollars SOC–Total 32 (29–36) 38 (33–42)

WHO TDA–Total 85 (79–92) 98 (90–105)

Two-step TDA–Total 82 (75–88) 94 (87–102)

One-step TDA–Total 108 (104–112) 125 (121–129)

Incremental costs per child (95% UI) in 2021 US dollars WHO TDA (vs. SOC) 53 (46–60) 60 (52–68)

Two-step TDA (vs. SOC) 49 (42–57) 57 (48–65)

One-step TDA (vs. SOC) 75 (70–80) 87 (81–93)

Two-step TDA (vs. WHO TDA) −3 (−11 to 4) −3 (−12 to 5)

One-step TDA (vs. WHO TDA) 23 (16–29) 27 (20–35)

One-step TDA (vs. Two-step TDA) 26 (20–32) 31 (24–37)

Per 100 children hospitalised with SAM

Deaths (95% UI) SOC–Total 19 (16–21) 19 (16–21)

WHO TDA–Total 14 (13–15) 14 (13–15)

Two-step TDA–Total 13 (12–15) 13 (12–14)

One-step TDA–Total 12 (12–13) 12 (12–13)

Deaths averted (95% UI) WHO TDA (vs. SOC) 5 (3–7) 5 (3–7)

Two-step TDA (vs. SOC) 5 (3–7) 5 (3–8)

One-step TDA (vs. SOC) 6 (4–9) 6 (4–8)

Two-step TDA (vs. WHO TDA) 0 (−1 to 2) 0 (−1 to 2)

One-step TDA (vs. WHO TDA) 1 (0–3) 1 (0–3)

One-step TDA (vs. Two-step TDA) 1 (0–2) 1 (0–2)

Discounted DALYs (95% UI) SOC–Total 509 (449–570) 509 (450–571)

WHO TDA–Total 377 (347–414) 378 (347–415)

Two-step TDA–Total 364 (337–396) 364 (337–394)

One-step TDA–Total 338 (321–358) 338 (321–359)

Incremental discounted DALYs averted (95% UI) WHO TDA (vs. SOC) 131 (78–190) 131 (77–191)

Two-step TDA (vs. SOC) 145 (88–201) 145 (91–205)

One-step TDA (vs. SOC) 171 (113–235) 171 (113–232)

Two-step TDA (vs. WHO TDA) 13 (−20 to 49) 14 (−20 to 48)

One-step TDA (vs. WHO TDA) 40 (10–75) 40 (11–76)

One-step TDA (vs. Two-step TDA) 26 (7–51) 26 (7–51)

Discounted ICER WHO TDA (vs. SOC) 40 46

Two-step TDA (vs. SOC) 34 39

One-step TDA (vs. SOC) 44 51

Two-step TDA (vs. WHO TDA) Two-step TDA dominates WHO TDA Two-step TDA dominates WHO TDA

One-step TDA (vs. Two-step TDA) 98 115

SOC: standard of care, SAM: severe acute malnutrition, DALYs: disability-adjusted life years, ICER: incremental cost-effectiveness ratio, UI: uncertainty interval, TDA: treatment decision algorithm. Costs and

life expectancy tables for estimating DALYs are specific to each country. Incremental costs compare costs of different approaches.

Table 2: Costs and cost-effectiveness of the tuberculosis diagnostic approaches by country.
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over $98/DALY averted. It was also the most effective
algorithm. Ultimately, the choice of cost-effectiveness
threshold is for local decision makers.

Tuberculosis prevalence was a key determinant of
cost-effectiveness: at lower prevalence, only the TB-
Speed two-step approach may be cost-effective. This
finding has important implications for decentralised use
of TDAs in healthcare settings where tuberculosis
prevalence is typically lower. The TB-Speed one-step
TDA had the highest sensitivity, followed by the
TB-Speed two-step TDA. The TDA-based approaches
achieved higher sensitivity at the expense of lower
specificity, with the WHO TDA having the highest rate
of overdiagnosis (43%). Overtreatment is important for
resource footprint and inappropriate treatment may
negatively impact children and their caregivers. If
TDAs are decentralised to lower healthcare levels the
number of false positives is likely to be higher. The
overall sensitivity of the diagnostic approach for
tuberculosis is the key driver of health impact due to

the high case fatality rate for children with untreated
tuberculosis (61% in the TB-SAM cohort). From the
TB-Speed SAM cohort data, we found the case fatality
rate was higher in children with SAM and without
tuberculosis (12%) than in children with tuberculosis
and receiving tuberculosis treatment (9%). Although
the difference is small, it may reflect genuinely better
outcomes when correctly identifying a serious but
treatable disease.

The overall sensitivity of the diagnostic approach for
tuberculosis depends not only on the TDA or other
assessments, but also on the screening and reassess-
ment steps. Our sensitivity analysis identified the
sensitivity of the SOC screening as the third most
influential factor for cost-effectiveness. The WHO
tuberculosis screening approach includes weight loss
>2 weeks, whereas failure to respond to nutritional
therapy is suggested as more appropriate for children
hospitalised with SAM.5 Our sensitivity analyses indi-
cate that weight loss should still be considered for

Fig. 2: Cost-effectiveness planes for the TB-Speed SAM and WHO treatment decision algorithms, compared to the standard of care, by country.

DALYs: disability-adjusted life years. Numerical annotations represent pairwise incremental cost-effectiveness ratios corresponding to the

dashed line of the convex hull. Error bars represent one standard deviation.
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WHO TDA in children with SAM, in order to maintain
sensitivity (Appendix Fig. 6). Reassessment was less
important for the TDA-based approaches, which had
high overall sensitivity. We represented reassessment
as full tuberculosis reassessment, including Xpert
testing and CXR, and used TB-Speed SAM data to
determine the accuracy of these procedures in children

previously assessed as non-TB. If data become available
on sign and symptom progression, it may become
possible to model the use of repeated TDAs in reas-
sessment. In line with our findings, Debes et al. found
that case fatality rate for untreated tuberculosis, SOC
specifications, and tuberculosis prevalence were major
determinants of cost-effectiveness.28

Fig. 3: Cost-effectiveness acceptability frontiers and probability of highest net benefit for the TB-Speed SAM and WHO treatment decision

algorithms and the standard of care, by country (in US$ per DALY averted). DALYs: disability-adjusted life years. Lines represent the proportion

of simulations in which each option had the highest net benefit. Colours along the top denote the optimal choice (the option with the highest

mean net benefit across all simulations) at each threshold. Dashed lines show the values of the cost-effectiveness threshold at which the optimal

choice changes.
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Many limitations of our study stem from having less
robust data to characterise the SOC arm. For example, we
used a screening coverage of 80% for SOC based on
expert opinion. For the TDA-based approaches, we
assumed complete coverage of systematic tuberculosis
screening in children hospitalised with SAM, in line with
WHO guidelines and the intended use of the TB-Speed
TDAs. Real-life clinical practice may not achieve full
screening coverage. Other studies have found screening
characteristics are important for cost-effectiveness. Van’t
Hoog et al.29 explored combinations of sensitivity, speci-
ficity and cost at which a hypothetical triage test would
improve affordability of the Xpert assay. They found that a
triage test with sensitivity equal to Xpert, 75% specificity,
and costs of US$5 per patient tested could reduce total
diagnostic costs by 42% in the Uganda setting, and by
34% and 39% respectively in the India and South Africa
settings. Our sensitivity analyses showed that the SOC
and WHO TDA screening specifications were key de-
terminants of cost-effectiveness, thus providing more
comprehensive evidence about the impact of a tubercu-
losis triage test on the overall cost-effectiveness of the
TDA-based strategies compared to SOC. For all groups,
due to a lack of data on the progression of signs and
symptoms, tuberculosis rescreening was not permitted.
Nevertheless, TDA-based approaches demonstrated high
screening sensitivity (80%–100%), indicating that rescre-
ening would likely have minimal impact on these groups.
Additional data, however, would be beneficial for the
SOC. We also were not able to capture patient costs; more
empirical data is needed characterising the economic
impact on households affected by paediatric tuberculosis.
Lastly, we did not account for a potential negative health
impact on children who are inappropriately treated for
tuberculosis and costs for their caregivers.

Conversely, our study had major strengths in basing
the diagnostic accuracy,14 clinical outcomes underlying
modelling assumptions and also the costs on primary
empirical data collection and analysis conducted in the
TB-Speed SAM study conducted in two high tubercu-
losis incidence countries. These assumptions were
applied within a framework that accounted for the
complexity of patient pathways, including tuberculosis
screening and follow-up assessments. Additionally, we
developed new unit cost parameters for tuberculosis
care specifically for children hospitalised with SAM.

Further research is needed to assess the total health
and budget impact of TDA-based interventions, as well as
their cost-effectiveness when adapted to different pop-
ulations of children and implemented in decentralised
settings, where availability of tests such as abdominal ul-
trasound may vary. Future studies should also explore
patient costs, the combination of improved child tubercu-
losis diagnosis strategies with tuberculosis disease severity
assessment and eligibility for shortened anti-tuberculosis
treatments, which have been shown to be highly cost-
effective.30 Additionally, the potential of innovative

technologies, such as artificial intelligence for reading
CXR, should be evaluated to further enhance tuberculosis
diagnosis and treatment strategies. Research priorities are
outlined in the 2022 WHO consolidated guidelines.31

In considering the relevance of these results to other
contexts, decision-makers will need to take into account
relevant cost-effectiveness thresholds and resources
available, the applicability of the case fatality rates and
tuberculosis prevalence in the population studied in this
analysis, and the relative importance placed on the false
positive rate. Different TDAs may be preferred in
different contexts, but this study provides strong evi-
dence that any of the three TDAs may be preferred to
current care. The WHO has conditionally recommended
incorporating TDAs, pending validation, into existing
case detection strategies to support the decentralisation
of clinical tools and improve the identification of
tuberculosis in children. To our knowledge, this is the
first study to assess the cost-effectiveness of using
treatment decision algorithms in childhood tuberculosis
services. This analysis focuses on the vulnerable group
of children hospitalised with SAM, and contributes
valuable evidence to support the interim WHO recom-
mendation on decentralised models of care. Our
findings show that TDA-based approaches are highly
cost-effective for the vulnerable group of children hos-
pitalised with SAM, compared to current practices.
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