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Abstract

Objectives

The World Health Organization currently recommend stool on GeneXpert MTB/Rif (Xpert) for
the diagnosis of paediatric tuberculosis (TB). The simple one-step (SOS) stool method enables
processing for Xpert testing at the primary healthcare (PHC) level. We modelled the impact and
cost-effectiveness of implementing the SOS stool method at PHC for diagnosis of paediatric TB
in Ethiopia and Indonesia, compared to standard of care.

Setting
All children (age <15 years) presenting with presumptive TB presenting at primary healthcare or
hospital level in Ethiopia and Indonesia.

Primary outcome
Cost-effectiveness estimated as incremental costs compared with incremental disability-adjusted life-
years saved.

Methods

Decision tree modelling was used to represent pathways of patient care and referral. We based
model parameters on ongoing studies and surveillance, systematic literature review, and expert
opinion. We estimated costs using data available publicly and in-country experts. Health
outcomes were based on modelled mortality and discounted life-years lost.

Results

The intervention increased the sensitivity of TB diagnosis by 19-25% in both countries leading to
a 14-20% relative reduction in mortality. Under the intervention, less than half of children
seeking care at PHC were referred (or self-referred) to higher levels of care; the number of
children initiating anti-TB treatment (ATT) increased by 18-25%; and more children (85%)
initiated ATT at PHC level. Costs increased under the intervention compared to a base-case
using smear microscopy in the SOC resulting in incremental cost-effectiveness ratios of $132
and $94 per DALY averted in Ethiopia and Indonesia, respectively. At a cost-effectiveness
threshold of 0.5xGDP, the projected probability of the intervention being cost-effective in
Ethiopia and Indonesia was 87% and 96%, respectively. The intervention remained cost-
effective under sensitivity analyses.

Conclusions
The addition of the SOS stool method to the national algorithms for diagnosing TB in children is
likely to be cost-effective in both Ethiopia and Indonesia.
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Strengths and limitations of this study

We report the first impact and cost-effectiveness of adding the SOS method to the current
national algorithms for diagnosing TB in children (including at lower health care level).

The SOS method is projected to increase the sensitivity of TB diagnosis leading to a reduction in
mortality and life-years lost among children with presumptive TB.

The projected reduction in referral rates from PHC to higher levels of care and has potential to
reduce patient costs (out of pocket expenditures).

The increased healthcare costs from the addition of the SOS stool method to the national
algorithms for diagnosing TB in children were projected to be offset by the health benefits (and
potential cost savings) resulting in the intervention being cost-effective.

Although this work focuses on Ethiopia and Indonesia, the results from these two very
diverse settings are likely to have global relevance to countries with high TB burden.
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Background

It is estimated that in 2018, around 1.1 million children below 15 years of age fell ill from tuberculosis
(TB).[1] In the same year, 250,000 children died of TB, mostly because TB was not diagnosed or was
diagnosed too late. It is estimated that 55% of TB cases are missed, particularly in the youngest age
group.[2] TB in children presents with nonspecific signs and symptoms, and M. tuberculosis bacilli are
usually not detected.[2] Partly, this is because the main specimen used for diagnosing pulmonary TB is
sputum, which is challenging to obtain, especially from (young) children. Therefore, (semi-)invasive
methods such as nasogastric aspiration and sputum induction are often required. These methods are
painful and stressful for children and care givers and sometimes require hospitalization. Moreover, not all
primary health care (PHC) facilities in TB endemic areas, where parents with children usually first seek
care, have facilities to perform these procedures. Alternative, non-invasive specimens, such as stool, can
be used for the diagnosis of TB in children using Xpert MTB/RIF (Xpert) technology.[3, 4]

Since January 2020, WHO recommends stool on Xpert as a primary diagnostic test for TB in children
with signs and symptoms of pulmonary TB.[5] This recommendation has the potential to improve
bacteriological confirmation of TB in children, and is increasingly being adopted by national TB
programs, for example, Ethiopia[6]. However, to make the test fit for use at the PHC level, a simple, non-
hazardous, and cheap method to process stool for Xpert testing was needed. Several centrifuge-free
methods have been proposed,[7-10] but all need additional equipment and/or consumables which may not
be (easily) available in peripheral lower-level public health laboratories. Therefore, we developed a
simple one-step (SOS) stool processing method for Xpert testing. This method can be applied in any
laboratory with an Xpert machine, as it does not require additional equipment or consumables than those
delivered routinely with the Xpert cartridges.[11] Hence, this method has the potential to significantly
impact the number of children receiving a bacteriological confirmation of TB, including rifampicin
resistance profile. Consequently, more paediatric TB patients can be diagnosed at lower levels of the
healthcare system, with a reduced time to diagnosis because no referrals are needed to higher levels of
healthcare as well as reduced costs for both the health system and families.

However, evidence on the impact and cost effectiveness of the SOS Xpert stool processing method is
needed to inform implementation and scale-up in the routine health care system. Therefore, we modelled
the potential impact and cost-effectiveness of bringing this test to the lower healthcare level where
children present first, focusing on Ethiopia and Indonesia. Specifically, we aimed to estimate the impact
of implementing the Xpert stool test for the diagnosis of pulmonary TB among children at the PHC level
on rates of bacteriological confirmation of TB and mortality among children, the costs to the healthcare
system, and the incremental cost-effectiveness of the approach.
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Methods

Conceptual approach

We developed a conceptual model of care pathways for children (age <15 years) with presumptive TB
presenting at either PHC facilities or hospitals, referral (including self-referral) between these levels, and
clinical and bacteriological assessment and re-assessment (see Figure 1). This description of stages in
patient care was based on national guidelines and local knowledge, and were broad enough to capture
pathways in both Ethiopia and Indonesia, and incorporate the standard of care (SOC) as well as the
intervention.

We defined presumptive TB patients, following guidelines in both settings, as children with signs or
symptoms suggestive of pulmonary TB (at least one) such as persistent cough, unexplained fever and/or
night sweats, poor weight gain or weight loss, reduced playfulness or malaise, history of contact with a
TB patient, or enlarged lymph nodes in the neck (only Ethiopia).

Under the SOC, national guidelines in both countries recommend the usage of GeneXpert[6, 12].
However, in both countries, sputum smear microscopy is allowed for diagnosis if the health center has no
access to GeneXpert. Despite this recommendation, in both countries, most PHC units do not have access
to a GeneXpert machine, and therefore use sputum smear microscopy for the diagnosis of paediatric TB.
For diagnosis of paediatric TB, in the primary (base-case) analyses, we assumed that sputum-smear
microscopy was the bacteriological test used at PHC in SOC in both Ethiopia and Indonesia. As
sensitivity analyses, we considered alternate scenarios with Xpert used for bacteriological testing for
sputum in SOC.

The intervention was modelled as implementing the simple stool Xpert testing method at PHC and
hospital level. Thus, considering spontaneous sputum expectoration to be limiting in obtaining a test
result under SOC, we conceptualized the intervention as increasing the fraction of children with a
bacteriological test result at both the primary and higher healthcare level.

We assumed that children with a negative bacteriological test under the intervention would receive
clinical assessments for TB. A clinical diagnosis can be made based on TB-suggestive signs or symptoms,
X-ray results, and tuberculin skin test (Indonesia only) or contact history with a TB patient. Indonesian
referral centres that do not have access to X-ray and/or tuberculosis TB skin tests use a score chart for
clinical diagnosis.

Systematic review data on the sensitivity of stool-based diagnostics for identifying TB in children,
indicate sensitivity of 50-60% in children with bacteriologically confirmed TB, but very poor sensitivity
(2-6%) in clinically diagnosed TB.[3, 4] We therefore assumed that stool testing would only detect a
proportion of those children who would be bacteriologically positive under ideal circumstances. The
intervention was expected to reduce mortality through higher sensitivity for detecting TB, and also to
reduce referrals and re-assessments.
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Modelling approach

The pathway of care shown in Figure 1 was coded into a decision tree using the HEdtree package in
R.[13, 14] Referral endpoints from PHC level were modelled by adding an identical hospital care
pathway to follow the three paths for referral from PHC level. All care outcomes were extended to either
death or survival. The probability of children following different pathways through the tree was assumed
to depend on: true TB status and age (0-4 years or 5-14 years). Mortality risk from TB by age group and
anti-TB treatment (ATT) status was modelled using a published approach,[15] using case-fatality ratios
(CFRs) based on systematic review data.[16] We neglected mortality in children who were truly negative
for TB. We did not model drug-resistant TB or HIV status.

All parameters in the model were treated as uncertain and following specified distributions. All results
were based on applying the model to calculate mean outcomes from the tree for each of 10,000 samples
from these parameter distributions.

Literature review and parameterization

To inform the parameters needed in the decision tree model (Figure 1, parameters noted as such in

Table 1), we followed a three-step data collection process. Firstly, we reviewed data from ongoing studies
in Ethiopia[11] and Indonesia (Kaswandani N, Tiemersma EW, Janiar H, et al. Xpert MTB/RIF testing on
stools using simple pre-processing methods to diagnose childhood pulmonary tuberculosis in Indonesia.
2019). Secondly, we systematically searched peer-reviewed literature for parameters not available from
country study data. In brief, initially, systematic reviews on TB in children were sought by a search of
PubMed including the terms “systematic review”, “meta-analysis”, “tuberculosis” and “children” on 19
June 2020. Subsequently, we constructed pooled estimates from primary literature, published from 2010
— present, about TB diagnostic testing in infants and children, including health care seeking and health
care cascade with a focus on Ethiopia and Indonesia. For this, a systematic search strategy was developed
by an information specialist combining free-text and thesaurus searching. Except for searches specifically
addressing Indonesia/Ethiopia, we excluded case reports, non-English and non-human studies, and papers
with terms for BCG, latent tuberculosis, IGRA and tuberculin skin test in titles because of their relevance
to TB infection, not active pulmonary TB. Searches were conducted between 19 and 26 October 2020.
Finally, to inform remaining parameters, we sought opinion from TB experts from each country (authors
AB and MG for Ethiopia and NK and RT for Indonesia) in an iterative process using a questionnaire, and
remote workshops to explain the model and focus on parameters identified as influential by one-way
sensitivity analysis. More details are provided in Appendix 1 (literature search) and Appendix 2a (Model
parameter estimation).

Cost parameters and health economic approach

We collected costs (reported in 2019 USD) from the healthcare provider’s perspective and adjusted
historical costs for inflation to 2019 prices using relevant GDP deflators.[17] We transferred costs from
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other countries to Ethiopia and Indonesia by applying relevant purchasing power parity conversion
factors.[18] Costs were assumed to accrue in the present, with no discounting applied.

We assumed the cost for the initial TB assessment at the PHC was equivalent to the country-specific cost
of two outpatient visits (or a single outpatient visit for re-assessment) to a health centre (health centre
with no beds from WHO-CHOICE estimates[19]). Similar assumptions were used for hospital assessment
and re-assessment with the corresponding WHO-CHOICE cost estimates.[19] The cost of bacteriological
investigation in the SOC includes the country specific unit cost of either sputum smear microscopy
(SSM)[20, 21] or Xpert, depending on availability at each level of care, adding the unit costs for
collecting two sputum samples for testing with SSM or one sample for testing with Xpert. The unit costs
for Xpert were estimated based on country specific data available from the OneHealth Tool (see
Appendix).[22] Country-specific unit costs for collecting sputum samples were not available and are
based on a study done in adults in South Africa.[23] In the intervention, we applied the unit cost for
collecting a single stool sample based on estimates provided by the Paediatric Operational Sustainability
Expertise Exchange group.[24] Treatment cost for diagnosed TB comprises the cost of anti-tuberculosis
drugs (including pyridoxine), from the Global Drug Facility,[25] the costs of follow-up visits (drug
pickups or medical review) according to national TB treatment guidelines at the healthcare facilities based
on WHO-CHOICE unit cost estimates, and the costs of laboratory monitoring in bacteriologically
confirmed TB only (see Appendix 2b (Overview of cost parameters)).

We used a disability-adjusted life-year (DALY) framework, calculating the life-years saved with a
discount rate of 3% based on United Nations Population Division country-specific life tables. A simple
mean across ages included in the 0-4 and 5-14 year age groups was used, and decrements in health-related
quality of life or subsequent survival were not modelled.

Metrics calculated

For every 100 children seeking care with presumptive TB in each country, we calculated the deaths,
DALYs, costs, referrals, clinical assessments, bacteriological assessments, ATTs, percent of true TB
receiving ATT, percent of those receiving ATT bacteriologically confirmed, percent of those receiving
ATT initiated at PHC, percent of ATT that is false-positive, as well as the change in these quantities
under the intervention. We report the incremental cost-effectiveness ratio (ICER). For each country, we
produced plots of the cost-effectiveness plane, cost-effectiveness acceptability curve, and expected net
benefit, and tornado plots illustrating the one-way sensitivity of outcomes to influential model parameters.
We also undertook specific scenario analyses: 1) we considered a low TB prevalence scenario (half the
base-case prevalence among presumptive TB patients); 2) we considered Xpert as the universally
available bacteriological test instead of sputum-smear microscopy in SOC; 3) we considered discount
rates of 0% and 5% for the life years. The results of these sensitivity analyses are included in Appendix 3
(Additional results).

Patient and Public Involvement

Study participants or the public were not involved in the design, or conduct, or reporting, or dissemination
plans of our research.
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Research ethics statement

Not applicable. This was a modelling study based on secondary data.

Results

Following our review of the literature, we developed the model parametrization shown in Table 1. The
data sources and approach to synthesis for each parameter are described in detail respectively in
Appendix 1 and Appendix 2a. Briefly, we used existing systematic reviews for the basis of parameters
describing diagnostic test accuracy, our own pooled estimates of true TB prevalence among presumptive
TB, the fraction of TB that is bacteriological confirmable, and the fraction of children able to
spontaneously expectorate. Evidence for the accuracy of clinical diagnosis and the level of initial care
seeking was limited, and published evidence was completely lacking for other parameters around referral
and re-assessment. Hence, we based these on expert opinion. Unit costs used in the analysis are shown in
Table 2.

The intervention increased the sensitivity to detect true TB by over 10 percentage points in each country
and resulted in around a 4-fold increase in the proportion of TB patients diagnosed that are
bacteriologically confirmed. Specificity showed little change under the intervention (<1% change). In
both countries, the proportion of children referred (or self-referred) to higher levels of care after seeking
care at PHC level fell by more than 2-fold. In both countries, the average total number of assessments for
children with presumptive TB increased from around 2 under SOC to around 2.5 per child with the
intervention, and the total number of bacteriological investigations increased more than 3-fold (Table 3).

The relative number of children initiated on ATT increased by 19-25% under the intervention. A larger
fraction (~40% relative increase) of children received ATT with the intervention, and more children
(~10% point increase) initiated ATT at PHC level (Table 3). Restricting to children under 5, we found
bigger increases in the number of bacteriological investigations (+30-fold), and the proportion of TB
cases diagnosed that are bacteriologically confirmed (+50%). We also found a larger reduction in referrals
of children with presumptive TB to higher levels of care in both countries (almost 3-fold). (see Appendix
3 (Additional results), Tables A1 and A2).

In both countries, the increase in sensitivity of a TB diagnosis under the intervention generated a
corresponding reduction in mortality: a 14%-20% relative reduction in the fraction of children with
presumptive TB dying (Table 3). In both countries, costs increased under the intervention, and the base-
case (using smear microscopy in the SOC) ICERs were $132/DALY averted in Ethiopia and $94/DALY
averted in Indonesia (Figure 2). Restricting the analysis to children under 5 resulted in cost-savings with
ICERs of -§78/DALY averted in Ethiopia and increased the ICER to $209/DALY averted in Indonesia.

Uncertainty and sensitivity analyses

Model projections showed large uncertainty (Figure 2) that included cost savings under intervention (25%
of the runs for Ethiopia and 28% for Indonesia), but also some increases in mortality (1.2% of the runs for
Ethiopia and 2.8% for Indonesia). At a cost-effectiveness threshold of 0.5xGDP our analysis projected a
87% probability of being cost effective in Ethiopia and a 96% probability of being cost-effective in
Indonesia (see Appendix 3). The corresponding probabilities for a 1XGDP threshold were 95% (Ethiopia)

8
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and 97% (Indonesia). Tornado plots (Figure 3) show that prevalence of true TB among presumptive TB,
the sensitivity of stool, and the fraction of children able to expectorate were the largest drivers of
uncertainty (see also Appendix 3).

Under the assumption that Xpert was used in the SOC, the ICERs were $138/DALY averted in Ethiopia
and $115/DALY averted in Indonesia. Assuming half the prevalence of true TB among presumptive TB
patients changed the ICERs to $178/DALY averted in Ethiopia and $150/DALY averted in Indonesia.
Finally, assuming a 0% discount rate changed the ICERs to $55/DALY averted in Ethiopia and
$38/DALY averted in Indonesia, whereas 5% discount rate generated ICERs of $199/DALY averted in
Ethiopia and $142/DALY averted in Indonesia.

Discussion

In this modelling analysis, we found that the introduction of routine Xpert stool-based diagnostics (using
the SOS method) was cost-effective in both Ethiopia and Indonesia. In the context of predominantly
clinical diagnosis of TB in children, particularly among those aged <5 years, we found a 14-20% relative
reduction in mortality driven by an increase in sensitivity to detect true TB. However, it is crucial that
clinical assessment is still undertaken alongside negative bacteriological test results because
bacteriological testing has a low negative predictive value especially in young children.[3, 4] Relying on
bacteriological testing alone can reduce sensitivity to diagnose true TB and increase mortality, especially
if referrals and re-assessments are common under the standard of care (data not shown). We estimated
ICERs of $132 and $94 per DALY averted in the base-case analyses for Ethiopia and Indonesia,
respectively. These ICERs are less than 0.5 x GDP, which has been suggested as a rule of thumb for cost-
effectiveness thresholds,[26] as well as country-specific estimates of supply-side thresholds.[27, 28] The
intervention would be especially cost-effective for children under 5 years of age.

Children age <5 years are at higher risk of dying from untreated TB than older children and have the
greatest difficulty in spontaneously expectorating sputum. Under the intervention, we found greater
increases in bacteriologically diagnosis and greater decreases in referrals in the <5 year age group (see
age stratified results in Appendix 3). We found that the cost of introducing the intervention was partially
offset by reduced referrals from PHC facilities to hospitals. In Ethiopia, this produced a projected cost
saving in the under 5 age group, despite a slight increase in the average total number of assessments done.
In taking a health system perspective, we did not include patient costs in our analysis, but health-seeking
costs are a major driver of catastrophic costs in TB.[29]

There are large uncertainties associated with many parameters describing processes and pathways for
paediatric TB. We found no directly applicable estimates of rates of reassessments or (self)referral at
different stages of care, and had to rely on expert opinion. Additionally, the sensitivity and specificity of
clinical assessment for paediatric TB is poorly quantified in the literature. Because of this, we placed a
particular emphasis on including uncertainty in results, as well as systematically exploring their
sensitivity to one-way variation in parameters, and discrete alternative assumptions. For example, because
our estimate of true TB prevalence among children with presumptive TB was based on data mainly from
hospitals which may have higher prevalence than PHC level, we halved prevalence resulting in increased
ICERs by less than a factor of two without changing our qualitative conclusions. Despite these
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uncertainties, the intervention showed probabilities of being cost-effective > 85% in each country across a
wide range of cost-effectiveness thresholds. This conclusion was also robust to assuming the SOC used
Xpert rather than sputum-smear microscopy at PHC level, and to different choices of discount rate.

Some aspects were deliberately simplified or omitted in the modelling. First, we did not model HIV
because paediatric HIV rates in Ethiopia and Indonesia are relatively low at 0.09% and 0.03%,[30]
respectively. This may underestimate the benefit from the intervention due to underestimated TB
mortality, especially if stool-based methods are more effective at diagnosing TB in children with HIV
compared to sputum. Secondly, we did not model drug-resistant TB because of low rates of multidrug-
resistant (MDR) TB among new TB cases (all ages) in Ethiopia (1.02% (0.49 - 1.54%)) and Indonesia
(2.4% (1.8-3.3%)). This may underestimate the intervention costs since the higher fractions of cases
bacteriologically confirmed via Xpert MTB/Rif mean that more MDR TB will be diagnosed and require
more costly second-line treatment. Thirdly, we did not consider the private sector, which in Indonesia is
substantial, and less likely to closely follow guidelines. Our intervention is conceived as being
implemented in the public sector, but patients seeking care across both sectors may mean we overestimate
the savings to the (public) health system from reduced referrals. Fourthly, additional one-off costs for
widely introducing Xpert stool testing, such as costs for training and supervision, were not included in our
analyses. Both countries are moving to fully replacing sputum smear microscopy by Xpert testing as the
primary diagnostic for TB in all patient groups. This may increase logistical issues in both countries
which need to be dealt with, such as cartridge shelf life (which is shorter for the Ultra than the G4
cartridge) and module maintenance. Lastly, we modelled the impact of making a stool Xpert-based
diagnosis available at the PHC level. This assumes that all PHC facilities have access to a GeneXpert
machine, either on-site or through an effective sample transportation system. Thus, until full access to
Xpert testing is available, the coverage of the intervention will be limited.

Furthermore, due to the lack of data from randomized controlled trials and operational studies, we were
reliant on early experience to determine acceptability and feasibility of stool-based sampling and
diagnostics. Hence, difficulties in implementation that dilute effects or increase costs may be overlooked.
However, the recent recommendation to use stool as a primary sample for diagnosing childhood TB[5]
has generated interest in Xpert stool testing at national TB programs. Apart from the SOS stool method,
two other centrifuge-free stool processing methods are being developed,[9, 10] which are included in a
head-to-head comparison study to compare their performance in diagnosing childhood TB against sputum
or gastric aspirate culture. This project has a health economic component, estimating cost-effectiveness of
the best performing method. Results of this project are expected at the end of 2021. The TB Speed
decentralization operational research study will report results from use of Xpert on nasopharyngeal
aspirate and stool samples at PHC level in early 2022. A small study comparing the SOS stool method to
the stool processing kit involved in the head-to-head comparison study[10] concluded that taking into
account the sample processing time, consumable requirements and error rates, the SOS stool method
would be the method that would be best scalable in low and middle income countries.[31]

Additional evidence from studies and implementation is needed to inform the optimal use of new sample
and diagnostic approaches for paediatric TB within real health systems. Studies to quantify referral
patterns, the pathways and outcomes of individual patients, and the costs of real-world implementation
would be particularly valuable. Further analyses could include context-specific operational research to
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help design referral systems that best utilize Xpert machines and minimize cartridge expiry, as well as
budget impact analyses to help national programmes plan roll-out and seek funding. Clinical diagnosis
remains an important tool for children with TB; helping clinicians diagnose TB in children without
bacteriological results or with negative results should be part of intervention design and the role of
clinical diagnosis in current and novel diagnostic pathways a topic for further research.

Conclusion

In this modelling analysis, we projected that introduction of routine stool-based Xpert diagnostics at
primary health care and hospital level would increase the proportion of bacteriologically confirmed TB in
children, while reducing child mortality and life-years lost in both Ethiopia and Indonesia. Our analysis
suggests that this intervention would be cost-effective in both countries.
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Figures legends

Figure 1. Simplified diagram of pathways of care. Grey lines indicate referrals up. See Appendix 2a for
more details on pathway and parametrization

MTB: mycobacterium tuberculosis; TB: tuberculosis; TB Tx: TB diagnosis and anti-TB treatment; PHC
= primary health care

Figure 2. Cost-effectiveness plane (Ethiopia left, Indonesia right)

ICER: incremental cost effectiveness ratio; SoC: Standard of Care

Figure 3. Tornado plots showing one-way sensitivity of incremental deaths (top row) and incremental
costs (bottom row) to parameters for Ethiopia (left) and Indonesia (right). spont.sputo5: spontaneous
sputum possible (0-4 years), r1: referral from PHC to Hospital after clinical re-assessment following
bacteriological negative result, r2: referral from PHC to Hospital after initial clinical assessment without
bacteriological test result, fracu5: fraction of presumptive TB under 5, c_f-phc: cost of TB treatment at
PHC after clinical re-assessment, ¢_d.phc: cost of TB treatment at PHC after initial clinical assessment,
c_a.phc: cost of clinical and bacteriological TB assessment at PHC, ¢ _clin.h: cost of clinical TB
assessment at Hospital, ¢_clin.phc: cost of clinical TB assessment at PHC (Only tope 3 parameters on
each plot defined here. Please refer to Appendix 2a, Tables A7-12 and Appendix 2b, Table for the rest of
the parameter definitions).
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Table 1 Table of parameters used in modelling and underlying evidence. More details on parameter distributions, pararteter naming, and methods

are available in Appendix 2a. C+: culture positive, CFR: case fatality rate, PHC: primary health care, PTLTFU: pre-treftment lost to follow-up,

SM: smear microscopy.
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DESCRIPTION SOURCE REFERENCES 1~ Mean (IQR)
=
sensitivity of Xpert on stool in bacteriologically positive children existing review Mesman 2019[4] % 0.571 (0.515 - 0.627)
o
specificity of Xpert on stool in bacteriologically positive children existing review Mesman 2019[4] % 0.981 (0.975 - 0.986)
o
sensitivity of Xpert on sputum in C+ existing review Detjen 2015[32] i 0.621 (0.582 - 0.659)
specificity of Xpert on sputum in C+ existing review Detjen 2015[32] _i 0.980 (0.977 - 0.984)
=2
3
sensitivity of SM on sputum in C+ existing review Detjen 2015[32] g' 0.257 (0.215 - 0.302)
[0}
specificity of SM on sputum in C+ existing review Detjen 2015[32] ;; 0.995 (0.994 - 0.997)
spontaneous sputum possible (0-4 years) our review see Appendix 2a § 0.024 (0.020 - 0.027)
spontaneous sputum possible (5-14 years) our review see Appendix 2a S10.377 (0.254 - 0.512)
>
fraction of children bacteriologically confirmable <5 years our review see Appendix 2a E 0.380 (0.363 - 0.397)
©
fraction of children bacteriologically confirmable 5-14 years our review see Appendix 2a ﬁ 0.684 (0.659 - 0.711)
N
prevalence of true TB in presumptive our review see Appendix 2a ;— 0.453 (0.289 - 0.607)
Marais 2006 (see €10.928 (0.908 - 0.945)
specificity of clinical diagnosis < 5 years our review Appendix 2a) &
Y -
sensitivity of clinical diagnosis < 5 years our review Marais 2006[33] § 0.518 (0.482 - 0.554)
®
specificity of clinical diagnosis 5-14 years our review Marais 2006[33] ® 0-901 (0.878 - 0.921)
(=3
sensitivity of clinical diagnosis 5-14 years our review Marais 2006[33] E 0.627 (0.592 - 0.661)
2
2
=
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proportion of first care-seeking at PHC for Ethiopia our review Fekadu et al, 2017[34] 0.896 (0.777 - 0.973)
proportion of first care-seeking at PHC for Indonesia our review Surya et al, 2017[35] 0.928 (0.801 - 0.992)

fraction of presumptive TB under 5 years Ethiopia

routine data

fraction of WHO TB <

0.371 (0.300 - 0.447)

fraction of presumptive TB under 5 years Indonesia

routine data

fraction of WHO TB <

0.514 (0.485 - 0.543)

referral PHC -> Hospital after clinical re-assessment following
bacteriological negative result Ethiopia

expert opinion

see Appendix 2a

0.045 (0.019 - 0.088)

referral PHC -> Hospital after clinical re-assessment following
bacteriological negative result Indonesia

expert opinion

see Appendix 2a

0.200 (0.107 - 0.272)

referral PHC -> Hospital after initial clinical assessment without
bacteriological test result Ethiopia

expert opinion

see Appendix 2a

0.800 (0.728 - 0.899)

referral PHC -> Hospital after initial clinical assessment without
bacteriological test result Indonesia

expert opinion

see Appendix 2a

0.500(0.391 - 0.607)

clinical re-assessment, PHC Ethiopia

expert opinion

see Appendix 2a

0.045 (0.019 - 0.088)

clinical re-assessment, PHC Indonesia expert opinion see Appendix 2a 0.045 (0.019 - 0.088)
1-PTLTFU bacteriologically positive, PHC assumption 0.953 (0.937 - 0.966)
1-PTLTFU bacteriologically positive, Hospital assumption 0.953 (0.937 - 0.966)
clinical re-assessment after bacteriologically negative, PHC assumption 0.045 (0.019 - 0.088)
clinical re-assessment after bacteriologically negative, Hospital assumption 0.045 (0.019 - 0.088)
clinical re-assessment, Hospital assumption 0.045 (0.019 - 0.088)
referral PHC -> Hospital after clinical re-assessment without

bacteriological test result assumption 0.500(0.391 - 0.607)

CFR children <5 years on TB treatment existing review Jenkins et al 2017[16] 0.019 (0.012 - 0.029)
CFR children 5-14 years on TB treatment existing review Jenkins et al 2017[16] 0.008 (0.006 - 0.011)
CFR children <5 years without TB treatment existing review Jenkins et al 2017[16] 0.436 (0.413 - 0.460)
CFR children 5-14 years without TB treatment existing review Jenkins et al 2017[16] 0.149 (0.137 - 0.162)
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Unit cost, US$ (SD)
Cost description Ethiopia Indonesia
TB assessment at health centre 10.22 (5.29) 43.35 (24.24)
TB reassessment at health centre 5.11(2.25) 21.68 (10.52)
Self-expectorated sputum sample 2.32 (0.58) 1.74 (0.43)
Stool sample 1.67 (0.42) 1.67 (0.42)
Sputum smear microscopy examination |3.39 (1.44) 7.54 (1.58)
GeneXpert test 26.04 (7.09) 23.70 (7.11)
TB treatment at health centre 398.74 (177.22) 161.03 (78.59)
TB assessment at hospital 14.37 (6.59) 61.00 (30.23)
TB reassessment at health centre 5.11 (2.25) 21.68 (10.52)

TB treatment at hospital

548.46 (208.38)

213.98 (91.47)
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Table 3 Outcomes per 100 children seeking care (*asterisk indicates different denominators) under
standard of care (SOC) and intervention (INT) in each country. Quoted as Mean (95% quantiles). TB =
tuberculosis; ATT = anti-TB treatment; PHC = primary health care; USD = United States Dollars

Ethiopia Indonesia
Quantity per 100
children with
presumptive TB | Standard of Standard of
(unless stated): care Intervention | Difference care Intervention | Difference
children with true |45.5(8.7- [455(8.7- |0.0(0.0- 455(8.7- |455(8.7- |0.0(0.0-
B 85.0) 85.0) 0.0) 85.0) 85.0) 0.0)
201.8 (171.8 (246.2 (207.3 |44.4 (29.5- |204.2 (173.4 [249.9 (211.2 |45.7 (31.9 -
assessments -230.9) - 283.3) 58.1) - 233.5) - 286.5) 58.0)
bacteriological 30.7 (8.7- |102.3(86.8-|71.7 (41.5- |24.7(7.8- |[103.0(87.5-|78.2(54.5-
investigations 57.5) 112.0) 96.3) 43.2) 112.6) 98.4)
anti-TB treatments |32.2 (13.2- |40.3 (17.6- (8.1 (0.6 - 33.3(14.1- (39.5(17.1- |6.2(0.1-
(ATT) 54.5) 64.4) 20.3) 55.3) 63.3) 15.2)
*ATT initiated at  |71.8 (62.3- [81.9(71.6- (10.1(5.8- |[73.0(63.2- |84.4(73.2- |11.3(7.1-
PHC 79.6) 89.5) 14.2) 80.3) 91.2) 15.4)
*percent of true-
positive receiving |58.3 (43.0- |73.0 (66.7 - |14.7 (2.8- |60.3(48.2- |[71.8(659- |11.5(1.8-
ATT 71.1) 78.8) 30.5) 71.4) 77.3) 23.1)
*percent of ATT
bacteriologically |8.0 (1.7 - 32.8(20.7- |24.8(10.6- |59(1.4- 32.5(20.9- (26.6 (14.9 -
confirmed 19.8) 44.1) 37.8) 12.9) 43.4) 38.2)
*percent of ATT |21.9(28- (21.9(29- |[0.0(-3.0- 220(28- [21.8(29- |-0.3(-3.5-
false-positive 64.6) 64.9) 4.0) 65.1) 64.6) 3.5)
referrals, inc. self- {29.5 (17.0- [13.8(8.0- |-15.6(-25.8-|33.0(21.5- [(145(8.6- |-18.4(-27.6 -
referrals 42.9) 21.0) -4.9) 45.5) 21.7) -9.6)
49(0.9- 3.9(0.7 - -1.0(-2.8-- [54(1.0- 4.7 (0.9 - -0.8(-2.2 -
deaths 10.0) 8.3) 0.1) 10.9) 9.3) 0.0)
135.7 (25.1 - |108.7 (19.7 - |-27.0 (-75.9 - |154.8 (29.3 - |133.1 (24.7 - |-21.7 (-61.7 -
life-years lost 276.9) 228.5) -1.6) 310.1) 264.6) 0.2)
15729.4 19297.7 3568.3 (- 12508.1 14525.7 2017.6 (-
(6368.3 - (8413.8 - 8472.2 - (7056.4 - (8603.6 - 5421.3 -
cost 31027.5) 35444.7) 16311.6) 20279.0) 22403.0) 9470.6)
19
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Xpert on stool to diagnose tuberculosis in children is cost-effective in
Ethiopia and Indonesia: a model-based cost-effectiveness analysis

APPENDIX 1: Literature search

To inform the model parameters presented in Appendix 2a, we extracted data from systematic reviews
and from papers identified through an extensive targeted systematic literature search. This information
was supplemented with information from papers identified from the authors’ personal databases where
relevant.

Data collection from published peer-reviewed systematic-reviews
We identified relevant systematic reviews and meta-analyses on TB in children in PubMed
(www.pubmed.ncbi.nlm.nih.gov). Search details are provided in Box Al.1.

Page 24 of 105

Box Al. Search strategy for systematic reviews

Searched in Pubmed for “systematic review meta-analysis tuberculosis children”, which is interpreted by
the search engine as:

(("systematic review"[Publication Type] OR "systematic reviews as topic"[MeSH Terms]) OR
"systematic review"[All Fields]) AND (("meta-analysis"[Publication Type] OR "meta-analysis as
topic"[MeSH Terms]) OR "meta-analysis"[All Fields]) AND (((("tuberculosi"[All Fields] OR
"tuberculosis"[MeSH Terms]) OR "tuberculosis"[All Fields]) OR "tuberculoses"[All Fields]) OR
"tuberculosis s"[All Fields]) AND (((((("child"[MeSH Terms] OR "child"[All Fields]) OR "children"[All
Fields]) OR "child s"[All Fields]) OR "children s"[All Fields]) OR "childrens"[All Fields]) OR
"childs"[All Fields])

Search date: 19 June 2020.

Of the 150 systematic reviews identified (of which one was a duplicate paper), 23 were judged relevant
for full-text review (Figure Al.1). Of the 22 papers reviewed in full-text, four papers contained
information about the accuracy of relevant microbiological tests for TB (1-4). However, one of these did
not present meta-analytical estimates of the sensitivity and specificity of the test (Xpert Ultra, in this
paper) for children (4). Two other papers presented data on the same subject and included roughly the
same original work (2, 3), while for one of these, the pooled estimates presented were difficult to interpret
as no comparison against culture or Xpert only was included (3). Thus, two papers provided relevant data
for extraction (Figure 1): Detjen et al. (1) reported meta-analytic estimates of the sensitivity and
specificity of sputum smear microscopy and Xpert on sputum, gastric lavage and nasopharyngeal
aspirates (here summarized as ‘respiratory samples’) against culture of a respiratory sample. Mesman and
colleagues (3) presented meta-analytic estimates of the sensitivity and specificity of Xpert stool testing
against different reference standards (culture or Xpert on a respiratory sample, bacteriologically
confirmed TB, and clinically diagnosed unconfirmed TB).
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PHASE I:
Systematic reviews from Pubmed
n=150
\b 1 duplicate reference
removed
Excluded after review of abstract
n=126
t (pri ily) about TB: n=35
not (primarily) abou n - ‘
not about (pulmonary) TB disease: n=30
not about (pre-)diagnosis pathway: n=50
does not include routine diagnostic test: n=10
contains no data: n=1
h 4
Selected for full text review
n=23
\* Full text not available
n=1
Excluded after full text reading:
n=20
no data available for extraction: n=12 4
no relevant diagnostic tests included: n=6
no meta-analytical estimates available for children: n=1
issues with reference standards/data: n=1
h 4
Data extraction
n=2

Figure Al. Prisma flow diagram for a search including published peer-reviewed systematic reviews and
meta-analysis summarizing literature on TB in children.

Data collection from published peer-reviewed original papers

Next, we conducted a literature search to identify studies about TB diagnostic testing in infants and
children, including health care seeking and health care cascade, with a focus on Ethiopia and Indonesia. A
systematic search strategy was developed with assistance of an academic librarian from the University of
Sheffield. The search strategy used a combination of free-text and thesaurus searching (where available)
as outlined in Table A1. Papers with terms for Bacillus Calmette Guérin (BCQ), latent tuberculosis,
interferon-gamma release assay (IGRA) and tuberculin skin test in titles were excluded from the search as
they are relevant to TB infection, but not to active pulmonary TB and were therefore deemed to retrieve
irrelevant results. Case reports were excluded as these do not provide generalizable data. The searches
were limited to English Language and Human studies published from 2010 - present where databases
allowed, except for searches specifically addressing Indonesia/Ethiopia to which no such limits were
applied (Table A1). Searches were conducted between 19 and 26 October 2020. Further details of the
search strategy are provided in Box A1.2.
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Table Al. Overview of search terms used for searching peer-reviewed original papers.

Exploded MeSH/lookup Occurring in title Occurring in title or abstract
term

The following were combined using ‘AND’:

Tuberculosis or Diagnosis tuberculosis or TB

Child or Infant child or infan?

Sputum or Feces (sputum or stool or f?eces) and (test

or sample or specimen)

test* or diagnos™® or screen*

Indonesia or Ethiopia or Indonesia or Ethiopia or Aftrica or
Developing Countries Asia or West Indies or specific
countries®

The following were combined with the previous using ‘NOT:

case reports’ case report

bacilli Calmette-Guerin or BCG

latent tuberculosis or LTBI or Interferon
Gamma Release Assay or IGRA or

tuberculin skin test or TST

!'In the Cochrane library, key word searches were also included here for all terms, except for the regions and
countries; in Medline, this was done only for the terms child and infan; > In Cochrane and Science Citation Index via
Web of Science, these terms were replaced with infant*; * Specific countries included: Angola, Bangladesh, Benin,
Bolivia, Burkina Faso, Burkina Fasso, Burundi, Cambodia, Central African Republic, Chad, Congo, Cote d'Ivoire,
Ivory Coast, Djibouti, Egypt, Eritrea, Gambia, Ghana, Guatemala, Guinea, India, Kenya, Korea, Lao PDR, Lesotho,
Liberia, Madagascar, Malawi, Mali, Mauritania, Mozambique, Myanmar, Myanma, Nepal, Niger, Nigeria,
Philippines, Philipines, Phillipines, Phillippines, Rwanda, Ruanda, Sao Tome, Senegal, Sri Lanka, Somalia, Sudan,
Swaziland, Tanzania, Timor-Leste, Togo, Uganda, Vietnam, Viet Nam, Zambia, Zimbabwe; searches for other
countries than Ethiopia and Indonesia were limited to English language and humans and yr="2010 -Current"; * Only
included if this lookup term existed for the system (see box 2 for specifications).

In total, 2,974 unique titles were available for title screening, from which 770 were selected for abstract
screening. Subsequently, we selected 260 papers for full-text review, of which, after review, data were
extracted from 73 (Figure A1.2). The extracted information from these 73 papers was reviewed by the
modeling team for its usefulness and applicability to inform the model. Finally, the extracted data for 21
papers was judged to be directly relevant to inform the model. Table A2 provides an overview of all 73
papers for which data was extracted, and specifies which papers were used to inform the model.
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Developed in MEDLINE

Box A2. Details of search strategy for peer-reviewed original publications

studies about TB diagnostic testing in infants and children

two sets of search results:
o Indonesia or Ethiopia

o other countries in Africa or Asia (adapting the Cochrane LMIC filter
(https://epoc.cochrane.org/lmic-filters).

Searches were further specified following examination of 100 references in pilot search, excluding terms

for BCG, latent tuberculosis, IGRA and tuberculin skin test appearing in titles
Case reports were excluded where possible

Database Date Number of References Total N
Searched | Retrieved (including retrieved
duplicates) (including
duplicates
)
Ovid MEDLINE(R) 23/10/20 Indonesia & Ethiopia =
1946 to Oct Week 3 2020 180
Other countries = 1,198
Ovid MEDLINE(R) and Epub Ahead of 23/10/20 Indonesia & Ethiopia = 97
Print, In-Process & Other Non-Indexed Other countries = 790
Citations and Daily
2016 to Oct 22, 2020*
Ovid Embase 26/10/20 Indonesia & Ethiopia = Indonesia
1974 to Oct 23, 2020** 237 &
Other countries = 1,783 Ethiopia =
Cochrane Database of Systematic Reviews | 19/10/20 Indonesia & Ethiopia=2 | 537
Issue 10 of 12, Oct 2020 Other countries = 11 (plus
one protocol) Other
Cochrane Central Register of Controlled 19/10/20 Indonesia & Ethiopia = 4 countries
Trials Other countries = 108 = 4,348
Issue 10 of 12, Oct 2020
Science Citation Index via Web of Science | 26/10/20 Indonesia & Ethiopia =17
1900-present 19/10/20 Other countries = 457
Conference Proceedings Citation Index- 26/10/20 Indonesia & Ethiopia = 1
Science (CPCI-S) via Web of Science Other countries = 2
1990-present

* English Language and Human limits removed as do not work correctly in MEDLINE In-Process; ** case report(s) not
publication type in Embase
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Figure A2. Prisma flow diagram for systematic literature review on TB diagnostic testing in infants and

children.
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Table A2. Overview of papers from which data was extracted in the comprehensive literature review of phase 2 (see F z§ure 2 for details).

e&%0

EPTB) (112)

definite (smear-positive) TB

information; EPTB included

Reference (first Country Child population Age Health care level Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parg@eters  not being considered for
publication) infoxmed informing model parameters)
Andriyoko, 2019 Indonesia lab-based, stool plus 0-15y  level 3 (1) % of presumptive TB cases with ,i unclear how study population
5) sputum/NGA submitted confirmed TB = was composed (laboratory

for TB diagnosis (36) < study)

Ardizzoni, 2015 (6)  multiple register review of 0-14y NA % of presumptive TB cases with P Indonesia nor Ethiopia
samples with Xpert confirmed TB N included; data shown on all
results (1,278) U ages but data extracted for

g children and (induced)
=1 sputum/NGA only

Assefa, 2015 (7) Ethiopia household contacts of 0-5y level 1 (27) % of child population seeking care §_ biased population (semi-active
SS+TB patients (230) o case finding)

Atwebembeire, Uganda lab-based, string testand NS level 3 (1) % of samples MTB-positive = No information on final TB

2016 (8) induced sputum samples S diagnosis
(88) =

Bacha, 2017 (9) Tanzania presumptive TB or 0-14y  level 2/3 (1) % of presumptive TB cases with p_triweth
referred for TB treatment confirmed, probable and possible =
(455) TB =

Banada, 2016 (10) South Africa  consecutive confirmed 0-14y  levell (NS)and 2 % of samples MTB-positive, by type 3 Only includes diagnosed TB
(20) and probable (20) (NS) of sample _% patients
TB cases g

Bates, 2013 (11) Zambia primary or secondary 0-15y  level 3 (1) % of presumptive TB cases sporﬁ;vput
admission diagnosis of submitting respiratory specimen for %

TB (930) TB diagnosis, by type of specimen S
and age group =}
% of children with true TB P

van Beekhuizen, Papua New admitted for 0-16y level 1 (1) Sensitivity and specificity of clinical = Evaluated the sensitivity and

1998* (12) Guinea malnutrition, recurrent diagnosis E specificity of a TB score chart
pneumonia, or N instead of pediatrician’s
signs/symptoms of TB § diagnosis
(301) o

Beneri, 2016 (13) South Africa  presumptive TBin RCT <5y NA % of presumptive TB cases with ; considered for informing
on TPT for HIV-exposed confirmed, probable and possible 5 sens.clin and spec.clin, but not
and -infected (219) TB; Sensitivity and specificity of 2l a representative population

clinical diagnosis o (semi-active case finding)

Berggren-Palme, Ethiopia clinically diagnosed with  0-14y  level 3 (1) % of TB cases submitting % only diagnosed TB patients

2004 (14) TB (355) spontaneously expectorated sputum Qo included

for TB diagnosis 3
Binua, 2019 (15) Philippines presumptive TB (incl. 4-18y  level 3 (1) % of presumptive TB cases with & abstract only, no detailed
o
£
é.
=
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Reference (first Country Child population Age Health care level Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parammeters not being considered for
publication) infosthed informing model parameters)
Bojang, 2016 (16) The Gambia  presumptive TB (24) 0-14y  level 1 (NS) & % of presumptive TB cases with § No information on final TB
research unit (1) definite (Xpert) TB o diagnosis
Brent, 2017 (17) Kenya presumptive TB (1,442)  0-14y  level 2 (2) % of presumptive TB cases with i did not use standard clinical
confirmed, highly probable and o case definitions, EPTB
possible TB 5 included which cannot be
n separated from pulmonary TB
Bunyasi, 2015 (18)  South Africa  investigated for incident <4y NA % of presumptive TB cases with N No information on final TB
TB in vaccine trial confirmed TB D diagnosis; non-representative
(active & passive FU) % population
(1,020) =
Chipinduro, 2017 Zimbabwe presumptive TB (221) 5-16y  level 1 (8) % of presumptive TB cases 3 no data on % spontaneously
(19) submitting induced sputum for TB o3 expectorating sputum
diagnosis =
Chisti, 2013 (20) multiple acute pneumonia with <Sy NS (NS) % of children with acute pneumonia g population not representative
SAM and/or HIV being diagnosed with confirmed TB = for children with presumptive
infection (747) g TB
Das, 2019 (21) India presumptive TB, partly 0-14y  level 3 (1) % of presumptive TB cases with g no data on % clinically
admitted (171) confirmed (smear/Xpert-positive) 3 diagnosed with pulmonary TB
TB S
Dayal, 2020 (22) India diagnosed with probable  0-13y  level 3 (1) % of samples MTB-positive, by type g Only includes diagnosed TB
TB (114) of sample =) patients
Elhassan, 2016 (23) Sudan presumptive TB (197) 0-13y  level 1 (5) % of presumptive TB cases with p_tmzetb
confirmed, probable and possible o
TB =
Eliso, 2015 (24) Ethiopia cough of any duration 6-15y  level 1 (4) % of presumptive TB cases with s only smear-positive TB
(43) definite (smear-positive) TB > included
Fekadu, 2017* (25)  Ethiopia NA NA level 1 (NA) % of children seeking care at level phc(Ee this study used data from
0/1 health facilities first o multiple sources to estimate
9 TB care cascade
Garcia-Basteiro, Mozambique presumptive TB (766) 0-2y NA (Research % of presumptive TB cases with = possible TB not presented in
2015 (26) Center) (1) definite and probable TB 2 the paper, limited age bands
Giang, 2015 (27) Vietnam presumptive TB (150) 0-14y level 3 (1) % of presumptive TB cases with p_tr@tb
confirmed, probable and possible =
TB 2
Gous, 2015 (28) South Africa  presumptive TB (484) 0-14y  level 2 (1) % of samples MTB-positive, by o No information on final TB
method =4 diagnosis
Hanrahan, 2019 South Africa  presumptive TB (119) 2m- level 1 (1, high- % of presumptive TB cases sponﬁsput,
(29) 10y volume) submitting respiratory specimen for  p_trigth
TB diagnosis, by type of specimen g
and age group g
2
é.
=
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Reference (first Country Child population Age Health care level Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parammeters not being considered for
publication) infothed informing model parameters)
Kabir, 2018 (30) Bangladesh  clinically diagnosed with ~ 0-14y  level 3 (1) % of samples MTB-positive, by § No information on final TB
TB (102) method o diagnosis
Kabir, 2020 (31) Bangladesh ~ presumptive TB (448) 0-14y  level 3 (1) % of presumptive TB cases i no data on % spontaneously
submitting induced sputum and/or o expectorating sputum
stool for TB diagnosis s
Kalra, 2020 (32) India presumptive TB (94,415) 0-14y  level 3 (1) % of presumptive TB cases N no data on % spontaneously
submitting any specimen for TB N expectorating sputum
diagnosis, by type of specimen =
Kalu, 2013 (33) Nigeria presumptive TB (263) 3m- level 3 (1) % of presumptive TB cases with g no data on % clinically
14y confirmed (culture-positive and/or = diagnosed with pulmonary TB
smear-positive) TB S
Lopez-Varela, Mozambique presumptive TB (789) 0-2y NS (Research % of presumptive TB cases with > limited age bands
2015** (34) Center) (1) definite, probable and possible TB =
Marais, 2006* (35)  South Africa cough>2 weeks without ~ 0-12y  level 1 (5) Sensitivity and specificity of clinical sens.%lin,
response to oral diagnosis speclin
antibiotics course (428) £
Moussa, 2016 (36)  Egypt presumptive TB (115) 0-15y  level 3 (1) % of presumptive TB cases with pﬁtr@tb
confirmed, probable and possible 3.
TB S
Mukherjee, 2013 India clinically diagnosed 6m- level 3 (2) % of bacteriologically confirmed TB _‘:," only includes diagnosed TB
(37 intrathoracic TB (403) 15y g patients
Mulenga, 2011 (38)  South Africa two cohorts investigated ~ 0-2y? NA % of child population seeking care i mixture of PHC and hospital
for incident TB in two % care seeking, limited age
vaccine trials (active & Sensitivity and specificity of clinical = bands;
passive FU) (1,445+740) diagnosis S contains % with different
_g combinations of symptoms and
= signs of TB, but no data for
e parameter of interest
Mulenga, 2015 (39) South Africa investigated for incident ~ 0-2y NA Sensitivity and specificity of clinical ~ contains % with different
TB in vaccine trial diagnosis S combinations of symptoms and
(active FU) (1,017) o signs of TB, but no data for
< parameter of interest
Munoz-Sellart, Ethiopia diagnosed with TB (231) 0-14y  level 1 (7) and 2 % of smear-positive TB E only includes diagnosed TB
2009 (40) (1) 24 patients
Mwangwa, 2017 Uganda diagnosed with TB in 0-15y  level 1 (32 % of bacteriologically confirmed TB 2] likely higher than SOC
(41) HIV RCT (42) communities) cases started on treatment S
Myo, 2018 (42) Myanmar presumptive TB (231) Im- level 3 (1) % of presumptive TB cases with pﬁtmfetb
12y confirmed and unconfirmed TB e
% of bacteriologically confirmed TB g likely higher than SOC
cases started on treatment o
S
é.
=
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Reference (first Country Child population Age Health care level Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parammeters not being considered for
publication) infoghed informing model parameters)
Nansumba, 2016 Uganda presumptive TB (137) 3-14y  level 3 (1) % of presumptive TB cases § no data on % spontaneously
(43) submitting respiratory specimen for o expectorating sputum;
TB diagnosis; i no data on clinically diagnosed
% of presumptive TB cases with o TB;
confirmed (culture-positive) TB; 5
% of bacteriologically confirmed TB N
cases started on treatment N likely higher than SOC
Negash, 2020 (44) Ethiopia lab-based, any sputum 4-14y level 1 (4 % of presumptive TB cases with U no data on clinically diagnosed
received for TB hospitals, 34 Xpert-positive TB o TB
diagnosis (414) HCs) =
Nhu, 2013 (45) Vietnam presumptive TB (73) 0-15y level 3 (1) % of bacteriologically confirmed TB é only includes diagnosed TB
® patients
Nicol, 2011 (46) South Africa  admitted for presumptive 0-15y  level 3 (2) % of bacteriologically confirmed Fbe = only includes in-patients in
TB (452) TB; g level-3 hospital
> likely higher than SOC
% of bacteriologically confirmed TB =
cases started on treatment =
Nicol, 2013 (47) South Africa  presumptive TB (115) 0-14y  level 1 (1) and % of presumptive TB cases with p_t@tb none of the children was
level 3 (1) confirmed, probable and possible = diagnosed with possible TB
TB o
Nicol, 2019 (48) South Africa  presumptive TB (165) 0-14y  level 3 (1) % of presumptive TB cases with p_trieth
confirmed and unconfirmed TB; 3.
% of bacteriologically confirmed TB 8 likely higher than SOC
cases started on treatment 3
Nissen, 2012 (49) Tanzania presumptive TB (195) 0-14y  level 1/2 (1) % returning for clinical re- g likely higher than SOC as
evaluation after initial exclusion of _g asked to return by the study
TB = team
Oliwa, 2019 (50) Kenya admitted for presumptive  0-15y  level 2 (13) % of presumptive TB cases that gets ey not regarded sufficiently
TB (23,741) TST, chest X-ray, and bacteriology I representative for Ethiopia and
offered S Indonesia
Orikiriza, 2018 (51) Uganda presumptive TB, partly Im- level 2/3 (1) % of presumptive TB cases with 2 case definitions provided in
admitted (392) 14y confirmed TB, % started on TB ; Methods section were not used
treatment c to present results
Pearce, 2012* (52) NA NA NA NA Sensitivity and specificity of clinical 9 review, no original data; only
diagnosis T one study identified providing
S a sensitivity score
Ramos, 2013 (53) Ethiopia retrospective review of 0-14y  level 2 (1) % of presumptive TB cases with 3 only smear-positive TB
sputum reports (875) smear-positive TB @ included
Ramos, 2019 (54) Ethiopia diagnosed with smear- 0-14y  level 2 (1) % of TB patients diagnosed with g only diagnosed TB patients
positive TB (862) smear-positive TB o included
E
é.
=
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of TB (210)

diagnosed TB

Reference (first Country Child population Age Health care level Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parammeters not being considered for
publication) infoghed informing model parameters)
Raizada, 2014 (55)  India presumptive pulmonary ~ 0-14y  network of level 1 % of presumptive TB cases with § no data on clinically diagnosed
TB (4,600) HF (£400), bacteriologically confirmed (by o TB
microscopy SSM/ Xpert) TB i
centers (99), and o
sub-district TB s
units (18) N
Raizada, 2015 (56)  India presumptive pulmonary 0-14y  as Razaida, 2014 % of presumptive TB cases with S no data on clinically diagnosed
TB (517) (55) bacteriologically confirmed (by D TB
SSM/ Xpert) TB 9
Raizada, 2018a India lab-based study, 0-14y  central Xpert labs % of bacteriologically confirmed TB 5 also EPTB included, no
(57) presumptive TB (3,045) (4) receiving cases started on treatment S differentiation by type of TB
samples from all o) possible
levels (public & =
private) in 4 big S
cities 3
Raizada, 2018b India lab-based study, Ly as Razaida, 2018a % of bacteriologically confirmed TB = also EPTB included, no
(58) presumptive TB (465) (57) cases started on treatment § differentiation by type of TB
3 possible
Reither, 2015 (59) Uganda, presumptive TB (451) 2m- NA (Research % of presumptive TB cases with p_tr%tb
Tanzania 15y Center) (2), level  confirmed, highly probable and w
2(1) probable TB o
Sabi, 2016 (60) Tanzania presumptive TB (192) 2m- level 2 (1) % of presumptive TB cases 2 no data on % spontaneously
12y submitting respiratory specimen for 8 expectorating sputum
TB diagnosis; pﬁtrétb
% of presumptive TB cases with S
confirmed, probable and possible _g
TB =
Sabi, 2018 (61) Tanzania presumptive TB (277) 6m- NS (Research % of presumptive TB cases with & Focus of report on stored
16y Center) (2) confirmed, highly probable and I sputum samples tested with
probable TB S Xpert Ultra. More relevant data
= presented in Reither, 2015
Sekadde, 2013 (62) Uganda presumptive TB (235) 2m- level 3 (1) % of presumptive TB cases < no data on % spontaneously
12y submitting induced sputum for TB e expectorating sputum;
diagnosis; & no data on clinically diagnosed
% of presumptive TB cases with T TB
confirmed TB o)
Sharma, 2020 (63)  India non-expectorating with 6m- level 3 (1) % of presumptive TB cases with 0 non-expectorating children
strong clinical suspicion 12y bacteriologically confirmed TB g only; no data on clinically
<
8
2
é.
=
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definite (Xpert/culture) and possible
TB

(hospitalized with severe
conditions)

Reference (first Country Child population Age Health care level Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parammeters not being considered for
publication) infothed informing model parameters)
Shata, 1996 (64) Malawi presumptive TB (29) 3-15y  level 3(1) % of presumptive TB cases § no data on % spontaneously
submitting induced sputum for TB o expectorating sputum
diagnosis >
Singh, 2016 (65) India presumptive TB (50) 0-14y NS (3) % of presumptive TB cases with o no internationally accepted
confirmed (SSM) and probable TB 5 definition used for the clinical
n definition of TB
Sorsa, 2020 (66) Ethiopia presumptive TB (775) 0-14y  level 3 (1) % of presumptive TB cases with p_triggth
confirmed (SSM/Xpert) and o
probable TB Q
Ssengooba, 2020 Uganda diagnosed with “minimal  0-15y NS % of samples MTB-positive, by type = only diagnosed TB patients
67) TB” participating in of sample 2 included
clinical trial (353) 53
Surya, 2017* (68) Indonesia NA NA level 1 (NA) % of children seeking care at level phc():.'i this study used data from
0/1 health facilities first % multiple sources to estimate
> TB care cascade
Swaminathan, 2008 India presumptive TB (2,652)  6m- level 3 (3) % of presumptive TB cases with = no data on clinically diagnosed
(69) 12y bacteriologically confirmed TB = TB
Walters, 2017a (70)  South Africa  presumptive 0-12y  level 3 (2) % of presumptive TB cases with 3 population is the same as
intrathoracic TB (188) confirmed and unconfirmed TB 3 presented in Walters, vd Zalm,
g 2017
Walters, 2017b (71)  South Africa  presumptive 0-12y level 3 (2) % TB bacteriologically positive Fbc,g
intrathoracic TB (379) under ideal conditions =
% of presumptive TB cases with p_trgtb
confirmed and unconfirmed TB =
Walters, 2018 (72)  South Africa  presumptive TB (148) 0-15y  level 3 (2) % of presumptive TB cases s no data on % spontaneously
submitting stool for TB diagnosis; _g expectorating sputum
% of presumptive TB cases with p_trizéth
confirmed and unconfirmed TB o
% started on TB treatment after ~ likely higher than SOC
clinical re-evaluation S
Yadav, 2020 (73) India presumptive TB (155) 0-15y level 3 (1) % of presumptive TB cases § not clear if spontaneous
submitting respiratory specimen for ; expectoration was attempted in
TB diagnosis, by type of specimen c all children
Zar, 2005 (74) South Africa  admitted for presumptive 1m-5y level 3 (2) % of presumptive TB cases with ‘,ﬁv no data on clinically diagnosed
TB (250) confirmed (SSM/culture) TB T TB
Zar, 2012 (75) South Africa admitted for different 0-14y level 3 (2) % TB bacteriologically positive Fbc S
severe conditions with under ideal conditions f_c%
presumptive TB (535) % of presumptive TB cases with w non-representative population
g
g
2
é.
=
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3 Reference (first Country Child population Age Health care level Data extracted Moqﬁ Comment (e.g., reason for
4 author and year of included (N) range (no. centers) parammeters not being considered for
5 publication) infothed informing model parameters)
6 Zar, 2013 (76) South Africa  presumptive TB (384) 0-14y  level 1 (1, high- % of presumptive TB cases with pﬁtr%tb
7 volume) definite (Xpert/culture) and possible o
8 TB i likely higher than SOC

% started on TB treatment after o

9 clinical re-evaluation 5
10 Zar, 2019 (77) South Africa admitted for presumptive 0-14y  level 3 (1) % TB bacteriologically positive Fbe'y
11 TB (195) under ideal conditions )
12 % of presumptive TB cases with o non-representative population
13 confirmed and unconfirmed TB g (hospitalized with severe
14 S conditions)

Abbreviations used in table: EPTB: extrapulmonary tuberculosis, Fu: follow up, HC: health center, HF: healthcare facility, m: months, MTB: My@obacterium tuberculosis, NA: not
applicable, NS: not specified, RCT: randomized controlled trial, SOC: standard of care, SSM: sputum smear microscopy, TB: tuberculosis, y: yea%s; * Identified from authors’
personal databases, not through the systematic literature review; ** Identified as paper containing the source data of one of the papers identified igp-the systematic literature review
(26). S
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Appendix 2a: Model parameter estimation

Model structure and description

Description of parameters from review
Spontaneous sputum expectoration (parameter a)
Fraction of TB bacteriologically positive under ideal conditions (parameter Fbc)
Prevalence of true TB among presumptive TB
Accuracy of clinical assessment in bacteriologically negative TB
Accuracy of bacteriological tests
Level of initial care-seeking
Summary of model parameters from review and distributions
Summary of other parameters
Parameters in common between countries from previous work
Parameters specific to Indonesia
Parameters specific to Ethiopia
Other parameters based on assumption

Description approach to expert opinion
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Model structure and description

The model is implemented as a decision tree that matches our understanding of patient pathways of
care. The structure of the tree is shown in Figure Al along with the names of the probabilities of
going down each path, and the names of the costs associated with each node (underneath node names;
0 if no costs are applied). Quantities such as probabilities or costs can depend on ‘attributes’ of
patients entering; here, this means true TB status (yes or no) and child age group (0-4 or 5-14 years).
The model calculates mean values of various quantities over the tree for a large number (10 thousand)
of sampled input parameters and cohort characteristics (i.e., make up by attribute) to generate a
probabilistic sensitivity analysis that is used for the generation of results. The quantities calculated
over the tree are: the number of deaths; the cost to healthcare providers; the number of referrals; the
number of assessments performed; the number of bacteriological assessments performed; the number
of anti-TB treatments; the number of bacteriologically-confirmed anti-TB treatments; the number of
anti-TB treatments initiated at PHC level; the number of anti-TB treatments initiated among
bacteriologically-confirmed TB cases; a validation variable that should always total 1. The model was
implemented in R using the HEdtree package.

All fundamental input parameters are treated as random variables with specified distributions to
represent uncertainty. Labelled parameters on Figure A1 may depend in specified ways on these
underlying fundamental input parameters. Most parameters appearing as labels in Figure A1 directly
correspond to fundamental input parameters, and are named as such in parameter tables. However,
there are three classes of exception: 1) parameters describing treatment and non-treatment outcomes;
2) parameters on early stages of the care cascade relating to bacteriological testing; 3) parameters
describing the prevalence of attributes in the patient cohort, which are not shown on Figure Al.

The approach to outcomes (class 1 above) are based on previously published work[1] and are
recapped below (see Table A9), along with some additional modelling details. This document focuses
on the review work to inform new input parameters, many of which are related to parameters in
classes 2 and 3 above.

Briefly, we assume that parameters « are determined by the ability of children in each age category to
spontaneously expectorate sputum, i.e., an attempt to collect a spontaneously expectorate sputum is
always made at PHC or hospital. Parameters  are based on data on the diagnostic accuracy of stool-
approaches, but assume that only a fraction of all children in each age group (Fbc) are
bacteriologically-confirmable under ideal circumstances. Since diagnostic accuracy is typically
reported with respect to confirmed cases, we assume test sensitivity only applied to a fraction of Fbc
of patients. Parameters f; d, and / for clinical assessments at PHC or hospital are assumed to be the
same, and are informed by data we found to inform the diagnostic accuracy for clinical diagnosis of
TB in each age group (i.e., these are sensitivity for true TB, and one minus specificity for true not
TB). Importantly, we assume that under the intervention, a bacteriologically negative test is always
followed up with clinical assessment (i.e., this assessment, which will be made in any case, is able to
override a false-negative test result with unchanged sensitivity).
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Description of parameters from review

The model was informed with parameters obtained from ongoing studies using the SOS stool method
where available, a systematic literature search (see Appendix 1), and expert opinion for those
parameters for which no published data was identified. This Appendix provides an overview of the
original data and the summation methods used to quantify a parameter for each of the parameters used
in the model.

Spontaneous sputum possible

For this parameter, we collected data from our own and published studies on the proportion of
children that submitted a spontaneously expectorated sputum sample for diagnostic workup. We
included those studies that accepted spontaneously expectorated sputum from all children that could
produce such a sample and included other respiratory specimens (i.e., nasogastric (lavage) aspirates,
nasopharyngeal aspirates, or induced sputum) for those children unable to spontaneously expectorate,
reporting the number of specimens by type received per age group. Only two studies included in our
comprehensive review of original peer-reviewed papers (Appendix 1) met these criteria[2, 3].

Table A1 Proportion of children who submitted spontaneously expectorated sputum, by age group.

Reference Setting age group Number Proportion spontaneous
of sputum (95% CI if
children provided)

Kaswandani, | in- and outpatients with symptoms | 0-4 years 222 1.80% (0.67% - 4.72%)

Tiemersma et | or signs of presumptive TB in 10

al, secondary and tertiary care

unpublished | hospitals on Java, Indonesia 5-10 years | 82 13.41% (7.54% - 22.73%)

Bates et al[2] | in-patients with primary or 0-4 years 663 2.30%

secondary admission diagnosis of

TB at pediatric and child health 5-9 years 124 45.20%
department of Lusaka University

hospital in Zambia 10-14 years | 138 50.00%

Hanrahan et outpatients with presumptive TB at | 2 months - 4 | 202 3.90%

al[3] 1 primary care clinic in years
Johannesburg, South Africa
5-9 years 17 58.80%

Bates et al[2] collected sputum samples from all children who could expectorate while gastric lavage
aspirates were obtained from children unable to expectorate. Hanrahan et al[3] collected a
spontaneous sputum sample whenever possible. Sputum collection was guided and overseen by a
dedicated paediatrician. If the child was unable to expectorate, one nasopharyngeal aspirate and one
induced sputum sample were obtained by a nurse. We also collected relevant data in a study in
Indonesia on the diagnostic accuracy of the SOS stool method with Xpert. Sample collection was
overseen as per routine procedures in the facilities, but was usually done by a nurse. Collection of a
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spontaneously expectorated sputum or an alternative specimen (either sputum induction (generally for
children of 2 years and older) or nasogastric aspiration (for younger children)) was conducted as per
nurse’s judgement.
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Table Al summarizes the data extracted while Figure A2 plots the same data with 95% confidence
intervals, using binomial confidence intervals only where counts were provided.

The proportions from the Indonesian studies were lower than those reported from the two published
12 studies, especially for the older children, but may in fact be closer to the reality on the ground, as in
13 the Indonesian study, no special efforts were undertaken to obtain spontaneous sputum from all

14 children.

18 Hanrahanq{ —l—
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]
sieak -0

24 Bates A .
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Proportion able to produce sputum
47 Figure A2. Proportion of children able to spontaneously expectorate sputum by age group with 95%
48 uncertainty intervals.
49 Names refer to first authors of papers (also described in Table A1 and Appendix 1, Table A2). CTB:
Challenge TB project;, IDN: Indonesia.

53 The summary estimates from a random effects meta-analysis after pooling of the results were 2.4%
54 (95% prediction interval (PI): 1.6 - 3.6%) for the rate of spontaneous sputum expectoration among
33 children aged 0-4 years, and 38.9% (95% prediction interval [PI]: 0.098 - 78.8%) among children
aged 5 years and above. Note that the 95%CI in this case was much narrower (21.7% - 59.4%).
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Fraction of children bacteriologically confirmable

TB in children, especially children under 5 years of age, is often of paucibacillary nature and often no
M. tuberculosis bacilli can be detected. Most evidence on the sensitivity of diagnostic tests is reported
against a gold standard based on bacteriological confirmation; often sensitivity is very poor among
children with bacteriologically negative TB. For our model, it was therefore important to understand
what the maximum fraction of children for whom TB could be bacteriologically confirmed if an array
of diagnostic tests were used. For this parameter, F»., we included studies that tested multiple different
specimens of the same child, using sensitive diagnostics such as Mycobacteria Growth Indicator Tube
(MGIT) culture and GeneXpert (Ultra). Four studies meeting these criteria were identified (Table A2).
Figure A3 provides the point estimates with 95% uncertainty intervals.

It should be noted that all these four studies were conducted in Cape Town, South Africa, in only 4
different hospitals (Red Cross War Memorial Children’s Hospital[4-6], New Somerset Hospital[4-6],
Tygerberg Hospital[7] and Karl Bremer Hospital[7]), and included hospitalized children only.
Restriction of the study populations to admitted (i.e., most ill) children may introduce bias to higher
proportions of confirmable TB, as a positive correlation between bacterial load and seriousness of the
illness is expected. For example, in another study including children with minimal TB (defined as
non-severe, symptomatic, smear-negative TB), the disease was bacteriologically confirmed on a
respiratory sample in only 14.16% of the cases.[8] All children had submitted at least 2 specimens of
gastric lavage, gastric washing or sputum, which were tested by culture (MGIT and Lowenstein-
Jensen medium), Xpert MTB/Rif and Xpert Ultra.
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Table A2 Fraction of TB that was bacteriologically confirmed from studies applying sensitive diagnostics to multiple sgecimens.
W
Reference | Setting Type and number of Type of diagnostic tests conducted | Number Number of childrer® Bacteriological Fraction with
specimens taken of treated for 7B S confirmation bacteriological
children P confirmation of
enrolled s TB
d
Nicol et children aged <15 years 2 IS taken at least 4h apart; Fluorescent smear microscopy and 452 n=216: 69/70 definitSTB | n=76: 70 culture- 34.72%
ali4] admitted with presumptive [ n=385 with 2 IS, n=67 with one | Xpert MTB/RIif on concentrated , 147/216 possible 'IIr§ positive, 6 Xpert
pulmonary TB (incl. at least | IS specimen sample, MGIT culture (incl. 6 with Xpert MEB+ | positive, culture-
cough of >2weeks plus results) % negative
another sign or symptom) to %
2 hospitals in Cape Town, 2
South Africa ®
Walters et | children aged <13 years sputum (5 years or older)/NGA | respiratory samples: fluorescent smear | 379 n=170: 73 with % n=73: 71 culture-or 42.94%
al[9] presenting to 2 hospitals in | (<5 years) + IS + NPA), stool microscopy and Xpert MTB/Rif on bacteriologically = Xpert positive on
Cape Town, South Africa (max 7 samples). All respiratory | concentrated sample, MGIT culture if confirmed TB, 69 with respiratory sample, 1
with presumptive samples tested on smear + collected by study team. Smear and unconfirmed TB, 283ith Xpert-positive on
intrathoracic TB MGIT and partly on GX, stool culture if collected by hospital staff. unlikely TB (_33. stool sample and 1
GX Stool samples: Xpert and culture (the S culture-positive on
latter only until half-way the study) S stool sample
o
Zaretal Children aged <15 years 2 NPA (taken at least 4h apart) | Fluorescent smear microscopy and 535 n=283: 87 with defir’ﬁe n=98: 87 culture- 33.92%
(2012)[5] with presumptive TB and 2 IS (taken at least 30 min Xpert MTB/Rif on concentrated TB, 194 with possib@ positive and 11 Xpert
hospitalized in Cape Town, | after NPA, and taken at least 4h | sample, MGIT culture B o NPA/IS positive and
South Africa, because of apart); n=396 with 2 paired IS S culture-negative (of
severe pneumonia, need for | and NPA, n=139 with 1 paired IS -:‘5 whom 9 were treated)
oxygen/intravenous and NPA =
therapy, or social conditions E
precluding home care N
Zaretal Children aged <15 years, 2 NPA (taken at least 4h apart) | Fluorescent smear microscopy and 195 n=144: 40 with :; n=48: 40 culture- 31.25 - 34.03%"
(2019)[6] hospitalized for suspected | and 2 IS (taken at least 30 min Xpert Ultra (for 2NPA and 1 IS) on confirmed TB, 104 \@h positive, between 5
TB in Cape Town, South after NPA, and taken at least 4h | concentrated sample, MGIT culture unconfirmed TB (nof and 9 Xpert Ultra
Africa apart); n=130 with 2 paired IS sure though if all wee NPA/IS positive®,
and NPA, n=65 with 1 paired IS treated) ) culture-negative
and NPA %

* The exact number of Xpert-positive, culture-negative cases does not become clear from the paper: there were between 5 (IS and §Q§_PA results completely overlap) and 9 (no
overlap between IS and NPA results) of such cases.
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The summary estimate from a random effects meta-analysis was 38.0% (95% prediction interval [PI]:
33.1 -43.1%).

For the above studies, most children were under 5 years of age. The fraction of children with TB in
whom it is possible to obtain bacteriological confirmation is thought to be higher for the 5-14 years
age group, but we did not find any suitable data to directly inform this. For the 5-14 year old age
group, we therefore divided the proportion of children aged 5-14 reported from South African
enhanced surveillance data in du Preez et al.[10] by the spontaneous sputum fraction for this age
group from above. This assumes that the fraction of children bacteriologically confirmed in routine
practice is the product of the fraction who can spontaneously expectorate sputum, and the fraction
who would be bacteriologically confirmed with enhanced sample collection and multiple testing (Fjc).
This yielded an estimate of 58.0% (50.5 - 65.8%) for Fj.in this age group.

Study Estimate [95% Cl]
Nicol, 2011 . 0.35[0.30, 0.39]
Walters, 2017 — 0.43[0.38, 0.48]
Zar, 2012 — . 0.38[0.34, 0.42]
Zar, 2019 —_— 0.36[0.29, 0.43]
RE Model e 0.38[0.35, 0.41]

T T T T T 1
025 03 035 04 045 05

Observed Outcome

Figure A3. Meta-analytic results for the fraction of children with bacteriologically positive TB under
ideal circumstances.

Prevalence of true TB in presumptive

For this parameter, from our systematic review (Appendix 1), we selected studies that reported the
number of children with presumptive TB and the number of children diagnosed with TB (by method)
during the study period.

We restricted to studies that reported using case definitions based on one of the Graham consensus
definitions,[11, 12] or the NIH definition, including confirmed/probable TB as TB or the number
starting treatment if this was stated (see Table A3). Where age categories reported were not exactly 0-
4 years, 5-14 years or 0-14 years, we approximated the age category reported by the studies by its
closest match, aggregating over counts if necessary. We performed a random-effects meta-analysis for
each age grouping (see Figure A4), finding a summary estimate of 45% (95% prediction interval [PI]:
7.7 - 89%). There was high heterogeneity and wide prediction intervals, with no clear difference
between the 0-4 year and 5-14 year age group. We therefore based our parametrization on the pooled
0-14 year analysis, using the midpoint and prediction interval to inform a beta distribution.
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Table A3 Studies reporting TB prevalence among presumptive TB patients using NIH or Graham case-definitions. &
&
o | diagnosed
Author |Year [Design Setting clinical diagnosis specimens and tests age group included® wlitﬁ B type of diagnosis
=
children evaluated for e
presumptive TB gnd/or rgferred . . SSM and Xpert on sputum or IS if <
Retrospective for TB treatment in 1 regional as per internationally unable to expectorate. Culture only 8
Bacha[13] | 2017 S referral hospital in Southern proposed criteria (see ) ‘ o |0-14 years 455  IN|120 21 confirmed, 99 probable, 37 possible TB
descriptive . . if there was a 2nd sample (89.4% N
Highlands Zone of Tanzania Graham et al. 2015) .
. ) . of children) W]
serving a child population of 3.2 S
min children g
0-18y (0-15y as per g’_J 125 32 confirmed, 56 probable, 37 possible
Methods but 0-18y per 197 %
Tables & Figures) a|32 LJ culture confirmed
S}
3 |47 3 confirmed, 29 probable, 15 possible
Confirmed TB: cough>2wks <=6y 86 =y
. . . AND culture+, Probable: SSM (ZN and auramine S 3 LJ culture confirmed
Elhassan| _|Children with presumptive T8 1\ oo i AND CXR fluorescence), 1S6110 PCR and LJ <
14] 2016 | Cross-sectional | presenting fo 5 TB centers in abnormal AND HH contact; | culture on sputum (if 7+y) or NGA S
Khartoum state, Sudan S ’ . P y 3|40 10 confirmed, 17 probable, 13 possible
Possible: Cough>2wk AND | (if<7y) 712y 63 [
HH contact AND TST+ ) B
contact AND TS S |10 LJ culture confirmed
_és- 38 19 confirmed, 10 probable, 9 possible
13-18y 48 8
3|19 LJ culture confirmed
a
=] 3 .
at least 1 symptom 150 :g 131 38 confirmed, 60 probable, 33 possible
suggestive of TB plus a 150  =:|38 culture or smear-positive (confirmed) PTB
HIV negative children presenting | positive culture or smear, or concentrated SSM and Xpert =
Giang[15] {2015 | Cross-sectional with presumptive TB at a sub- plus CXR suggesting T8, MGIT culture on an average of 2 |0-14 years I Xpert-positive (among confirmed, probable and
national TB referral hospital in Ho | positive response to TB samples (NS) 150 13|46 possible cases only)
Chi Minh City, Vietnam therapy, documented close P N
contact with TB patient, or o - )
positive TST 150 < |39 cuIture-posﬁwe (among confirmed, probable and
= possible cases only)
children Wltlh prgsumptlve TBincl. Per Graham, 2015. Confirmed L1105 4 confirmed, 101 unconfirmed TB
symptomatic child HH contacts of TB: microbioloaically positive o]
adult TB patients regardless of p gicaly p concentrated FM, Xpert, and MGIT o
. . by SSM, culture or Xpert on =
Hanrahan . symptom duration presenting at a ) . | culture on 1 spontaneous sputum @
2019 |cross-sectional |~ ) any sample. Unconfirmed TB: . 60 days to <10 years 19 Q
[3] high-volume, primary health-care AR sample or 1 NPA+1 IS if unable to T .
gL . ! no microbiological . 2|4 confirmed TB
clinic which provides outpatient —— N produce sputum; 1 stool
confirmation but >=2 of CXR =}
care for a densely populated suagesting TB. positive <
urban and peri-urban ggesting 15, p 8
2
a
=
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O .
Author |Year [Design Setting clinical diagnosis specimens and tests age group includeﬁ S;ﬁﬁ'}?ed type of diagnosis
0
©
impoverished community of about |response to TB treatment, TB o
200,000-300,000 (18% children | contact history, or TST+. i
<10y) <
=
115 f) 107 36 confirmed, 61 probable, 10 possible
at least 1 symptom 1-15 years S ,
suggestive of TB plUS 115 N 36 confirmed PTB
"microbiological confirmation”, [w] ] )
Moussal’ children with clinical signs of PTB |or plus CXR suggesting TB, | SSM, LJ culture on 2 (induced) | 1-5 years 41 g 38 10 confirmed, 25 probable, 3 possible
6] 2016 | Cross-sectional |presenting at 1 tertiary care positive response to TB sputum samples, Xpert MTB/Rif on >
hospital in Cairo, Egypt therapy, documented close |2 stool samples 6-15 years 74 8 69 26 confirmed, 36 probable, 7 possible
contact with TB patient, or 8
immunological evidence of 1-5 years 41 2110 confirmed PTB
MTB infection 3
6-15 years 74 3|26 confirmed PTB
=
revised NIH classification: 231 ©|121 38 confirmed, 83 unconfirmed
culture or Xpert positive, or at >
Children with suspected PTR |85t 2 Of symptoms/ signs =)
. ! suggesting TB, CXR . [S)
Myo[17] |2018 |Cross-sectional |PreSenting at tertiary care consistent with TB, TB concentrated SSM, direct Xpert 4 1 49 vears 3
Eﬂedlatrlc hospital in Mandalay, exposure or immur,wlogical MTB/Rif and LJ culture on 1 GLA 231 g_ 38 culture- or Xpert-positive (confirmed) PTB
yanmar evidence of MTB, or a 3
positive response to TB P
treatment %
Children bresenting with culture-positive or any other 115 8165 17 definite, 48 possible
p g wit started on TB treatment, or >
presumptive TB at 1 primary not started on TB treatment concentrated Xpert and MGIT on 2 5
Nicol[18] |2013 |Cross-sectional |healthcare clinic and 1 tertiary but with istent TB IS and Xpert testing of 2 aliquots  |0-14 years =
care hospital in Cape Town, ut with persisten from 1 stool 115 |17 culture-positive (definite) PTB
South Africa suggestive symptoms and ©
signs at 3-month follow-up B
culture-positive or any other 165 N 121 40 confirmed, 81 unconfirmed
Children presentmg Wlthl started on TB treatment, or Xpert and MGIT on 21S (2 oral S
Nicol[19] 2019 | Cross-sectional | Presumptive T8 at 1 terlry care | not started on T8 reatment |y g v quanitative PCR, not ~(0-14 years 2
ospital in L.ape fown, sou ut with persisten incl. in diagnosis) 165 8|40 culture-positive (confirmed) PTB
Africa suggestive symptoms and —
signs at 3-month follow-up R
. N . 451 @ [147 37 confirmed, 48 highly probable, 62 probable PTB
- .
2014 | cross-sectional |©. . L . and LJ culture on sputum/IS (1-5 451 |37 culture-positive (confirmed) PTB
] sites in Tanzania and 1 hospital in | CXR suggestive for TB, or samples per child) o
Kampala, Uganda CXR not clearly suggesting 2 months-5 years 211 g|74 16 confirmed, 26 highly probable, 32 probable PTB
g
a
z
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O .
Author |Year [Design Setting clinical diagnosis specimens and tests age group includeﬁ S;ﬁﬁ'}?ed type of diagnosis
0
©
TB but no alternative Dx and 211 o|16 culture-positive (confirmed) PTB
complete resolution of =
symptoms/signs on TB 133 |39 10 confirmed, 13 highly probable, 16 probable PTB
treatment 6-10 years =
133 B 10 culture-positive (confirmed) PTB
106 |34 11 confirmed, 9 highly probable, 14 probable PTB
11-15 years 8
106 § 1 culture-positive (confirmed) PTB
Children presenting with using 4 different published 192 g 40 10 confirmed, 10 probable, 20 possible PTB
presumptive TB in 1 zonal clinical score charts incl. TST o
Sabi[21] [2016 |cross-sectional |hospital in NW Tanzania serving |and CXR resutls; but for FM, Xpert, LJ culture on IS 2 months-12 years -
a population of 13 min. 91% of | analysis using Graham et al 192 o|10 culture positive (confirmed) PTB
children admitted to hospital 2012 i
'!z 453 142 confirmed, 311 probable
Confirmed: >=1 TB symptom moF ,
Retrospective | Children presenting with (cough>=2 wk, contact with ; 142 confirmed (SSM/Xpert)
document presumptive TB at Asella TB patient, fever, weight loss, S ]
review Teaching and Referral hospital  |failure to gain weight) and not specified, but likely direct SSM 404 1254 54 confirmed, 200 probable
Sorsa[22] |2020 |(historical serving a population of approx. 4 | microbiologically confirmed by |or Xpert on a sputum sample, not <15y (before'-
cross-sectional |min in South-Central Ethiopia; SSM/Xpert; Probable: >=2 of |clear if NGA was also done. period) § 54 confirmed (SSM)
before- after | Jan 2014-Dec 2017 with Xpert as | TB contact history, clinical 8
study) intervention installed Jan 2016 feature suggesting TB, TST+, 371 3 (199 88 confirmed, 111 probable
CXR abnormal suggesting TB (after'- ;
period) ; 88 confirmed (Xpert)
Children (12.5% HIV+) with =42 treated for TB
suspected PTB at twolpublic 5 . .
referral hospitals offering general SSM, Xpert and MGIT culture on Y 4 -7|63 3 confirmed, 60 unconfirmed
Walters[g] | 2018 prospective and specialized pediatric care or Graham. 2015 1-2 respiratory specimens (1 qg ;a;goimorgsd%g geiilzin3 148 B
cohort (Rahima Moosa M&C hospital P ' spontaneous sputum or IS, + 1 GA | ™ T ' § 3 confirmed TB (culture or Xpert+)
. ; months
Johannesburg and Desmond Tutu in subset of children aged <5) g
TB center serving 2 hospitals in Qal, Culture+
Cape Town) s ulture
o
; 258 73 confirmed, 185 unconfirmed TB
Children with suspected 2X(Sputum/GA + IS + NPA), stool = confirmed TB (71 detected on culture/Xpert non-
Walters , intrathoracic TB presenting to o - med: g stool samples, 1 on stool culture, 1 on stool Xpert)
. . (max 7 samples). All respiratory | <13 y; med: 15.9 months = ples, : p
vander |2017 |prospective Tygerberg Hospital and Karl per Graham, 2015 379 @
Zalm[7] Bremer Hospital in Cape Town samples tested on FM + MGIT and |IQR 9.2-29.3 Q
; o7 firmed TB -stool I
South Africa, Apr 2012-Aug 2015 partly on GX, stool GX i confirme: (on non-stool samples)
§ 170 TB treatment initiated (reference standard)
=
=
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Author

Year

Design

Setting

clinical diagnosis

specimens and tests

age group

include:

€840

diagnosed
with TB

type of diagnosis

Zar[23]

2013

prospective

Children presenting with
suspected pulmonary TB at 1

primary care clinic in Khayelitsha,

Cape Town, South Africa, Aug
2010-Jul 2012

definite TB: culture+; Possible
TB: receiving TB treatment +
all whose symptoms/ signs at
FU did not resolve if not
receiving TB treatment

concentrated FM, concentrated

Xpert, MGIT culture on IS+NPA:

80% 2 paired IS+NPA; 20% 1
paired IS+NPA

<15y; median 38.3 m
(IQR:21.2-56.5)

197

30 definite, 167 possible TB

30

definite TB

180

started on TB treatment
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diagnosis type -e- confirmed & probable confirmed & unconfirmed confirmed only —e- treated for TB NA
0-14 0-4 5-14
Bacha 2017 ——
Elhassan 2016 — Elhassan 2016 —_—
Elhassan 2016 —_—
Giang 2015 e
Hanrahan 2019

Mousa 2016 — Mousa 2016 *

Myo 2018 Mousa 2016 —_—

Nicol 2013

Reither 2014 —_——
Nicol 2019
Reither 2014 —— Reither 2014

Sabi20161 = Walters 2018 —

Sorsa 2020 -
Walters , van der Zalm 2017 ——
SUMMARY
Zar 2013 —— SUMMARY
SUMMARY
25% 50% 75% 25% 50% 75% 25% 50% 75%

Prevalence of TB among presumptive TB

Figure A4 Forest plots for age groups 0-14 years, 0-4 years and 5-14 years of the prevalence of TB
among presumptive TB

Accuracy of clinical assessment in bacteriologically negative TB

Sensitivity and specificity of clinical diagnosis

Assessing the diagnostic accuracy of clinical diagnosis for TB in children under routine care is
challenging given the absence of a gold standard. Pearce et al.[24] systematically reviewed the
accuracy of score-based approaches to diagnosing TB in children, and found one study (van
Beekhuizen[25]) which can be interpreted as giving a sensitivity assessment of 62%, and specificity
of 95%. The more recent cohort study by Marais et al[26] suggested a sensitivity of 62.6% and
specificity of 89.8% among 428 children aged <13 years investigated for TB in South Africa.
Restricting to children under 3 or those living with HIV, sensitivity was lower: sensitivity 51.8%
(specificity 92.5%) for HIV-negative children under 3 years of age; sensitivity of 56.2% (specificity
61.8%) for children living with HIV.

The study of Beneri et al.[27] compared two case definitions within a trial context. Excluding
bacteriologically confirmed TB, and counting NIH-unlikely TB as negative gives the cross-tabulation
in Table A4.

Table A4 Aggregated data from Beneri et al.[27]
National Institute of Health (NIH)

classification for bacteriologically

negative children TB+ TB-
TB+ 93 1
P1041
TB- 44 7

13
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Evaluating the stricter trial (P1041) against the NIH case definition yields a sensitivity of 67.9% and a
specificity of 87.5%.

A recent paper by Gunasekera et al.[28] developed an optimized scoring approach to TB diagnosis in
children in South Africa, and reported a sensitivity of 71.5% when restricting the tool to inputs only
from clinical evaluation (i.e. excluding Xpert MTB/Rif and chest X-ray).

We also considered the WHO estimated case-detection ratio for TB in each country and age group
(typically 40-50% in relevant contexts). This approach is problematic because these estimates have
large uncertainty, and also because CDR factors in children who did not present for care and who
were diagnosed but not reported. It therefore is likely a lower bound for the sensitivity of TB
detection algorithms in each country.

Given these data, and the likelihood that trials and optimized diagnostic scores may overestimate
accuracy, we opted to use the estimates from Marais et al.[26] We used the estimate for HIV-negative
children under 3 for all children under 5, and the overall estimate for children aged 5-14 years (see
Table AS5).

Table AS Parameters used for accuracy of clinical diagnosis

NAME DISTRIBUTION |DESCRIPTION SOURCE Mean (IQR)

specificity of clinical dx <5 0.928 (0.908 - 0.945)
spec.clinu3 B(83.25,6.75) years Marais 2006[26]

sensitivity of clinical dx <5 0.518 (0.482 - 0.554)
sens.clinu3 B(46.62,43.38) years Marais 2006[26]

specificity of clinical dx 5- 0.901 (0.878 - 0.921)
spec.clin B(80.82,9.18) 14 years Marais 2006[26]

sensitivity of clinical dx 5- 0.627 (0.592 - 0.661)
sens.clin B(56.34,33.66) 14 years Marais 2006[26]

Accuracy of bacteriological tests

Sensitivity and specificity of Xpert and smear microscopy on sputum, and of Xpert on stool

For diagnostic tests other than stool, we used the accuracies quoted by the systematic review of Detjen

et al.,[29] see Table A6.

Table A6 Diagnostic accuracies reported by Detjen et al.[29]

diagnostic sample reference Sensitivity (95% CI & PI) |specificity (95% CI & PI)
Exp/Induced

Xpert Sputum culture 62% (51-73; 30-87) 98% (97-99; 90—-100)

Xpert gastric lavage culture 66% (51-81; 33-91) 98% (96-99; 91-100)
Exp/Induced clinical for C-

Xpert Sputum ve 2% (1-3; 0-6) 100% (99-100; 99-100)

microscopy Exp/Induced culture 26% (14-39; 4-69) 100% (99-100; 94-100)
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Sputum
microscopy gastric lavage culture 22% (12-35; 6-51) 99% (97-100; 93—100)
For the accuracy of stool for diagnosing TB in children, we used the two systematic reviews and

meta-analyses: MacLean et al.[30] and Mesman et al.[31] (Table A7).

Table A7 Parameters found by review on diagnostic test accuracy

NAME DISTRIBUTION |DESCRIPTION SOURCE Mean (IQR)
sensitivity of Xpert on stool in

sens.stool |B(20.39,15.3) bac+t children Mesman 2019[31](0.571 (0.515 - 0.627)
specificity of stool in bac+

spec.stool |B(326.97,6.67) children Mesman 2019[31]0.981 (0.975 - 0.986)
sensitivity for C+ of Xpert on

sens.xpert |B(45.75,28.04) sputum Detjen 2015[29] [0.621 (0.582 - 0.659)
specificity for C+ of Xpert on

spec.xpert |B(736.91,15.03) sputum Detjen 2015[29] [0.980 (0.977 - 0.984)
sensitivity for C+ of SM on

sens.sm B(12.03,34.26) sputum Detjen 2015[29] [0.257 (0.215 - 0.302)
specificity for C+ of SM on

spec.sm B(759.66,3.81) sputum Detjen 2015[29] [0.995 (0.994 - 0.997)

Level of initial care-seeking

We found no data specific to paediatric TB to inform the proportion of children initially seeking care
at primary healthcare level. We ultimately relied on estimates of initial care seeking for Ethiopia and

Indonesia made in two TB patient pathway analysis (PPA) papers, namely Fekadu et al.[32] and
Surya et al.[33] We included care sought in the private and public sectors, mapping primary care level
to the levels LO and L1 defined in the papers. The former suggested 89.6% of children initially seek
care at primary level in Ethiopia; the latter that 92.8% of children initially seek care at primary level
in Indonesia. In the absence of data to inform uncertainty, and given the quality of this evidence for

our question, we assumed the 95% uncertainty interval was at +/- 10% points around the central

estimate.

15
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Summary of model parameters from review and distributions

Table A8 Parameters informed by analyses above

NAME DISTRIBUTION |DESCRIPTION SOURCE Mean (IQR)
0.024 (0.020 -
spont.sput.uS [B(21.572,877.28) |spontanecous sputum possible (0-4) |see methods 0.027)
0.377 (0.254 -
spont.sput.o5 [B(2.59,4.07) spontaneous sputum possible (5-14)|see methods 0.512)
fraction of children 0.380 (0.363 -
Fbc.u5 B(137.19,223.84) |bacteriologically confirmable <5 see methods 0.397)
fraction of children 0.684 (0.659 -
Fbc.o5 B(97.76,45.12) bacteriologically confirmable 5-14 |see methods 0.711)
prevalence of true TB in 0.625 (0.484 -
p_truetb B(3.10,1.85) presumptive see methods 0.783)
0.928 (0.908 -
spec.clinu3 B(83.25,6.75) specificity of clinical dx Marais 2006[26] 0.945)
0.518 (0.482 -
sens.clinu3 | B(46.62,43.38) sensitivity of clinical dx Marais 2006[26] [0-354)
0.901 (0.878 -
spec.clin B(80.82,9.18) specificity of clinical dx Marais 2006[26] [0-921)
0.627 (0.592 -
sens.clin B(56.34,33.66) sensitivity of clinical dx Marais 2006[26] [0-661)
proportion of first care-seeking at 0.896 (0.777 -
phcO e B(31.18,3.62) PHC for Ethiopia Fekadu 2017[32]]0.973)
pheO i B(22.89,1.78) proportion of first care-seeking at | Surya 2017[33] | 0.928 (0.801 -
PHC for Indonesia 0.992)
Summary of other parameters
Parameters in common between countries from previous work
Most the of the CFR parameters are based on Jenkins et al.'
Table A9 Parameters informed by the literature review
NAME |DISTRIBUTION |DESCRIPTION SOURCE Mean (IQR)
Jenkins et al
cfrontxY |LN(-3.96,0.64) |CFR children <5 on TB treatment (2017[1] 0.019 (0.012 - 0.029)
Jenkins et al
cfrontxO |LN(-4.82,0.48) CFR children 5-14 on TB treatment [2017[1] 0.008 (0.006 - 0.011)
CFR children <5 without TB Jenkins et al
cfrnotxY |LN(-0.83,0.08) treatment 2017[1] 0.436 (0.413 - 0.460)
CFR children 5-14 without TB Jenkins et al
cfrnotxO |LN(-1.90,0.12) treatment 2017[1] 0.149 (0.137 - 0.162)
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Parameters specific to Ethiopia

12 in particular was adjusted upwards after consultation to reflect a low confidence with child TB

diagnosis and management at primary level.

Table A10 Parameters specific to Ethiopia not included above

NAME (DISTRIBUTION (DESCRIPTION SOURCE Mean (IQR)
based on fraction
fracuS |B(7.504,12.47) fraction of presumptive TB under 5 of WHOTB <5 [0.371 (0.300-0.447)
referral PHC -> H after clinical re-
rl B(1,15) assessment following bac- Expert opinion  [0.045 (0.019 - 0.088)
referral PHC -> H after initial clinical
2 B(8,2) assessment w/o bac Expert opinion  |0.800 (0.728 - 0.899)
g.phc B(1,15) clincial re-assessment, PHC Expert opinion  |0.045 (0.019 - 0.088)

Parameters specific to Indonesia

rl in particular was adjusted upwards after consultation to reflect a low confidence in bacteriologic
testing for child TB.

Table A11 Parameters specific to Indonesia not included above

NAME (DISTRIBUTION (DESCRIPTION SOURCE Mean (IQR)
based on fraction of
fracuS |B(69.37,65.49) fraction of presumptive TB under 5* [WHO TB <5 0.514 (0.485 - 0.543)
referral PHC -> H after clinical re-
rl B(2,8) assessment following bac- Expert opinion 0.200 (0.107 - 0.272)
referral PHC -> H after initial clinical
r2 B(5,5) assessment w/o bac Expert opinion 0.500(0.391 - 0.607)
g.phc B(1,15) clincial re-assessment, PHC Expert opinion 0.045 (0.019 - 0.088)

* based on the proportion of TB cases under 5 among all child TB cases (<15y)

Other parameters based on assumption

Note: many of these parameters could potentially be made country-specific, but currently are not.

Table A12 Parameters without direct evidence based on assumptions

NAME (DISTRIBUTION (DESCRIPTION SOURCE ([Mean (IQR)

c.phe B(95,5) 1-PTLTFU bac+, PHC assumption |0.953 (0.937 - 0.966)
c.h B(95,5) 1-PTLTFU bac+, H assumption [0.953 (0.937 - 0.966)
e.phc B(1,15) clinical re-assessment after bac-, PHC assumption |0.045 (0.019 - 0.088)
e.h B(1,15) clinical re-assessment after bac-, H assumption [0.045 (0.019 - 0.088)
g.h B(1,15) clincial re-assessment, H assumption |0.045 (0.019 - 0.088)

referral PHC -> H after clinical re-assessment
3 B(5,5) w/o bac assumption [0.500(0.391 - 0.607)
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Description approach to expert opinion

For parameters for which no data was found in published literature, our best estimate based on the
practical experience from the authors working in Ethiopia (AB and MG) and Indonesia (NK and RT)
was included. NK and RT are experienced pediatricians working in large tertiary care settings in
Indonesia. Both are active in the TB section of the Indonesian Association of Pediatricians, of which
currently is the chairperson. RT has ample research experience in the field of diagnosing childhood
TB in primary, secondary and tertiary care settings. AB and MG are both working for the local KCNV
office. AB is a pediatrician with experience in the clinical, research and programmatic settings. He is
a member of the Ethiopian Pediatric Association. MG is an senior M&E advisor with up-to-date
practical experience in rural and urban sites involved in childhood TB projects run by KNCV.

Data was needed to inform parameters on the proportion of children with bacteriologically confirmed
TB started on treatment (c.phc and c.h), the proportion clinically reassessed after initial
bacteriological exclusion of TB (e.phc and e.h), the proportion of children clinically reassessed after
short broad-course of antibiotics (g.p/c and g./), and about referrals from the primary to higher
(hospital) levels (71, 2 and r3).

A data collection tool was distributed to the experts, in which per parameter, their best guess and the
minimum and maximum value they considered reasonable could be filled (Table). Then, several
online sessions were organized. The first session served to explain the data collection tool. The second
session served to discuss the completed tool and solve differences in opinion between the experts
where needed. A third session was organized to present the model output using the experts’ best
estimates. In this session, the set of parameters was further adapted to come to model outputs that
seemed reasonable for the country.
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effective in Ethiopia and Indonesia: a model-based cost-
effectiveness analysis

Appendix 2b: Overview of cost parameters

Contents

General costing assumptions
Identifying resources used
Measuring resource utilization
Valuation of resources
Clinical assessment
TB assessment at health centre
TB assessment at hospital
TST
CXR
Sample collection
Bacteriological assessment
Sputum smear microscopy (SSM) examination
GeneXpert test
Clinical (re-) assessment
TB reassessment at health centre
TB reassessment at hospital
TB treatment
TB treatment medications
TB treatment follow-up at health centre
TB treatment follow-up at hospital
Laboratory monitoring
Comparison with other cost estimates
Costs tables
Table A1 Costs for Ethiopia & Indonesia

O© O 0 X N 9 9 9 9 9 9o o0 o0 o0 n bbb VLW VLW W

Table A2 Comparison of estimated unit costs for diagnostic visit, sputum collection,
smear microscopy examination and XpertMTB/RIF test with recently published Better
estimates of the costs of TB control (Value TB) project[13]. 10

References 11

Page 1 of 11

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 2 of 11

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 62 of 105


http://bmjopen.bmj.com/

Page 63 of 105

oNOYTULT D WN =

27

29
30
31
32
33
34
35
36
37
38
39
40

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

BMJ Open

General costing assumptions

Identifying resources used

A careful review of the diagnostic and treatment algorithm for childhood TB for Ethiopia
(ETH)[1] and Indonesia (IDN)[2] was performed to identify resource use and costs associated
with the diagnosis and treatment for childhood TB in the current standard of care (SOC) and
under the intervention of using stool with Xpert for the diagnosis of TB (Figures 1-3). The
main activities in both the SOC and the intervention included symptom-based screening for
TB, clinical evaluation, sample collection, bacteriological examination, radiological
examination, empiric antibiotic therapy to exclude other diseases, treatment initiation for
diagnosed TB cases, TB treatment follow-up and TB treatment monitoring laboratory tests.
The following cost components were identified; health facility visit (for TB screening,
rescreening, diagnosis and treatment), sample collection (spontaneous sputum, stool),
bacteriological examination (smear microscopy, GeneXpert), and medicines (anti-TB
medicines, pyridoxine).

CI‘B is suspected on basis of typical and persistent symptoms j

Sputum smear/ Xpert negative - l
positive Sputum smear or

or not done
Xpert test

1

* Positive contat history
* Physical signs suggestive of PTB
* Chest radiograph (CXR) suggestive of PTB

1

If only one or none of the
features are present

Make a diagnosis of
TB if two or more of
these features are

l present
If child is sick, Admit/ o e l <3
refer to hospital for chila well, Re-
further investigation view after 2-4 TREAT FOR TB
weeks

and management.

Figure 1. Algorithm for diagnosis of tuberculosis in HIV uninfected children in Ethiopia[1]

Measuring resource utilization

The quantities of each resource type consumed in the diagnostic and treatment algorithm for
childhood TB was informed by the national guidelines for the management of childhood TB
in each country (Figures 1-3). Local TB experts collaborating with KNCV on childhood TB
related studies provided country-specific input on resource use.
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EI‘B is suspected on basis of typical and persistent symptoms j

” l

Sputum smear/ Xpert negative

or not done Sputum smear/ Xpert positive

( Consider contact history )

Contact is smear/ Xpert Contact is Smedrj

negative or not done Xpert Positive

v l
-
Physical signs and ¥

- . | [ Physical signs or
CXR suggest othei Y 9
diagnosis, manage CXR suggestive of —p| TREATFORTB

accordingly PTB diagnosis

Figure 2. Algorithm for diagnosis of tuberculosis in HIV-infected children in Ethiopia[1]

Valuation of resources

The costs for each resource were estimated by attaching monetary values using relevant unit
costs for each country. Summing up these costs (per patient) gives an estimate of the total
cost. All costs were estimated from the healthcare provider’s perspective and are reported in
2019 USD. Historical costs were adjusted for inflation to 2019 prices using relevant GDP
deflators[3] and costs from other countries were transferred to Ethiopia and Indonesia by
applying relevant purchasing power parity conversion factors[3]. Costs were assumed to
accrue in the present, with no discounting applied. The following costs were estimated.

Clinical assessment

This cost comprises of the cost of clinical assessment to investigate children with
presumptive TB and the cost associated with collecting the necessary samples for
bacteriological evaluation.

TB assessment at health centre

We assumed the cost for the initial TB assessment at the primary health centre to be
equivalent to the country-specific cost of two outpatient visits (range; 1-3 visits) to a health
centre with no beds based on WHO-CHOICE estimates[4]. This equates to $10.22 (95% UI,
4.93-15.50) in ETH and $43.35 (95% UI; 19.11-67.59) in IDN.
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Fever > 2 weeks
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microscopy/ Xpert MTB/Rif
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‘ Not a

vailable |

A 4
Positive Negative
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TST- or no
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adult pulmonary
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B+

B Clinically
diaghose TB

v

v

Contact with

Figure 3. Algorithm for diagnosis of tuberculosis in children in Indonesia[2]

A
TB treatment

TB assessment at hospital
Similarly, we assumed the cost for the initial TB assessment at the hospital to be equivalent
to the country-specific cost of two outpatient visits (range; 1-3 visits) to a primary hospital,
defined as a ‘hospitals intended primarily for treating simple cases (e.g. “district hospital”)’
[4]. This results in an estimate of $14.37 (95% UI; 7.79-20.96) in ETH and $61.00 (95% UI,
30.76-91.23) in IDN. The costs of tuberculin skin test (TST) and chest X-ray were separately

addressed (see below).

adult pTB
patient

No/unclear
contact with
adult pTB patient

.

Observation for
2 weeks

Jv—‘_#

Symptoms
persist resolved

Symptoms
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The Indonesian NTP uses a scoring system for the diagnosis of TB if a bacteriological
diagnosis cannot be made (Figure 1). The scoring system uses a combination of tuberculin
skin test (TST) results, chest X-ray results (CXR), symptoms and history of contact with TB
patients (Table 1). TST and CXR are often not available especially at the primary health
centres, hence these costs are currently not modelled.

CXR

The unit cost for CXR for Ethiopia ($8.75) was based on the cost per radiograph reported by
the Ethiopian NTP[5]. The unit cost applied for CXR for Indonesia ($11.52) was based on a
previous MSH estimate[6]. This cost is applied to a proportion of children assessed at the
hospital (80-90%) only since chest X-rays are not available at the primary health centres.

Sample collection

Availability of advanced sample collection procedures is generally limited in both countries,
with sputum induction occurring only in big hospitals in Indonesia and nasogastric aspiration
only available at big teaching hospitals in Ethiopia. We assumed only self-expectorated
sample collection is available and applied the adjusted unit costs for collecting two samples
for testing with smear microscopy ($4.64 in ETH and $3.48 in IDN) or one sample for testing
with GeneXpert ($2.32 in ETH and $1.74 in IDN) per child based on a study done in adults in
South Africa [7]. The unit costs applied for procedures for collecting a single stool sample
($1.67) in the intervention are based on estimates provided by the Paediatric Operational
Sustainability Expertise Exchange group (POSEE group) [8]. The POSEE group developed a
budgeting tool to assist national TB programs in estimating the costs related to the
procurement of devices and consumables needed for sample collection in the paediatric
population. These POSEE group cost estimates currently exclude staff, space, training,
sample transportation and overheads costs.

Bacteriological assessment

The cost for bacteriological assessment for TB comprises of the costs of testing using either a
sputum smear microscopy (SSM) examination or a single GeneXpert test, depending on the
availability of the test at each level of care (primary health centre versus hospital) in Ethiopia
and Indonesia. Bacteriological testing with the GeneXpert is not widely available in both
countries and most testing centres use sputum smear microscopy while some centres refer
samples to a GeneXpert testing facility. We therefore assumed sole use of smear microscopy
in both countries in the standard of care where two samples are collected for testing in the
base case.

Sputum smear microscopy (SSM) examination

The unit cost for SSM for Ethiopia was based on the microscopy cost per test ($1.50)
reported by the Ethiopian NTP[5] resulting in an adjusted cost of $1.69. The unit cost for
SSM in Indonesia ($3.77) was based on a previous MSH estimate[6].

GeneXpert test

The unit cost for the GeneXpert test was estimated based on country specific data available
from the OneHealth Tool[9]. These data include staff times, staff salaries, the Xpert cartridge
and consumables. The cost of the GeneXpert equipment was estimated based on the
procurement cost of the Xpert MTB/RIF 4-module machine and its annual maintenance cost
available from the Global Drug Facility[ 10]. Costs associated with unused GeneXpert
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equipment capacity were estimated by accounting for the number of tests performed per day
in relation to an assumed daily maximum capacity of 16 tests[11]. Overhead costs were
estimated as 5% of the total direct costs based on recent studies showing overhead costs
contributing 1-10% of total Xpert costs[11-13]. The estimated unit costs for the GeneXpert
test are $ 26.04 (95% UI; 18.95-33.13) for ETH and $23.70 (95% UI; 16.59-30.81).

Clinical (re-) assessment
This cost comprised of the cost of clinical re-assessment of children with significant clinical
manifestations of TB following exclusion of TB during the initial assessment.

TB reassessment at health centre

We assumed the cost for TB re-assessment at the primary health centre to be equivalent to the
country-specific cost of a single outpatient visit to a health centre with no beds[4]. This
equated to $5.11 (95% UI; 2.86-7.35) in ETH and $21.68 (95% UI; 11.16-32.19) in IDN.

TB reassessment at hospital

Similarly, we assumed the cost for TB re-assessment at the hospital to be equivalent to the
country-specific cost of a single outpatient visit to a primary hospital, defined as a ‘hospitals
intended primarily for treating simple cases (e.g. “district hospital™)’ [4]. This resulted in an
estimate of $7.19 (95% UI; 4.51-9.87) in ETH and $30.50 (95% UI; 17.84-43.16) in IDN.

TB treatment

Treatment cost for bacteriologically confirmed TB comprises of the cost of anti-tuberculosis
drugs including pyridoxine, the costs of follow-up visits (drug pickups or medical review) at
the healthcare facilities and costs of laboratory monitoring.

TB treatment medications

The costs of anti-tuberculosis drugs and pyridoxine were estimated using weight band based
dosing and applying unit costs available from the Global Drug Facility[14]. We assumed a
treatment duration of 6 months. This resulted in the following costs: $11.38, $22.77, $34.15,
and $45.54 for children in the weight bands 4-7kg, 8-11kg, 12-15kg and 16-24kg,
respectively. The cost of pyridoxine for the duration of TB treatment was estimated to be
$2.52[14].

TB treatment follow-up at health centre

We assume the cost for each TB treatment follow-up visit at the primary health centre to be
equivalent to the country-specific cost of a single outpatient visit to a health centre with no
beds (see above)[4]. This unit cost was multiplied by the number of follow-up visits dictated
by the national TB treatment algorithm to estimate the total cost for TB treatment follow-up.
Based on input from the local TB experts, we assumed 6 follow-up visits per child on TB
treatment in IND and 72 follow-up visits per child on TB treatment in ETH where clinic-
based directly observed therapy is used in children. This resulted in the TB treatment follow-
up cost at the health centre of $367.76 (95% UI; 167.54-814.45) in ETH and $130.05 (95%
UI; 55.51-307.92) in IDN.

TB treatment follow-up at hospital
Similarly, we assumed the cost for each TB treatment follow-up visit at the hospital to be
equivalent to the country-specific cost of a single outpatient visit to a primary hospital,
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defined as a ‘hospitals intended primarily for treating simple cases (e.g. “district hospital”)’
[4]. This unit cost was multiplied by the number of follow-up visits to estimate the total cost
for TB treatment follow-up. Based on input from the two local TB experts, we assumed 6
follow-up visits per child on TB treatment in IND and 72 follow-up visits per child on TB
treatment in ETH where directly observed therapy is used in children. This resulted in the TB
treatment follow-up cost of $517.48 (95% UI; 261.52-1033.08) in ETH and $183.00 (95%
UI; 86.65-390.58) in IDN.

Laboratory monitoring

Laboratory monitoring is usually not done in children, unless they can spontaneously
expectorate a sample. This is only the case for a certain proportion of the oldest age group,
which is likely lower than the estimate that we use for the oldest age class (see Table A8 in
Appendix 2a). Therefore, we currently do not include the cost of laboratory monitoring in our
analysis.

Comparison with other cost estimates

We evaluated the accuracy of our unit cost estimates by comparing them to the recently
published cost estimates for Ethiopia by the Better estimates of the costs of TB control
(Value TB) project[15]. We compared the unit costs for a diagnostic visit, sputum sample
collection, sputum smear microscopy examination, XpertMTB/RIF test and treatment
monitoring visit. Although not exactly the same, our unit costs were quite comparable to the
Value-TB cost estimates.
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Table A1 Costs for Ethiopia & Indonesia

Cost Ethiopia Indonesia References
parameter |Description
TB clinical 10.22 (4.93 - 15.50) 43.35 (19.11 - 67.59) (4]
c_a_phc assessment at
c_clin.phe health centre
¢ e phe TB clinical 5.11 (2.86 - 7.35) 21.68 (11.16 - 32.19) (4]
c_g.phc reassessment at
health centre
¢ bphesess Self- 2.32 (1.74 - 2.90) 1.74 (1.30 - 2.17) [8]
expectorated
c_b.h.sess
- sputum sample
c_b.phc.ss Stool sample 1.67 (1.25 - 2.09) 1.67 (1.25 - 2.09) [8]
c b.h.ss
¢ b.phe.ssm ilpilclzzzosmear 3.39(1.94 - 4.83) 7.54 (5.96 - 9.12) [5, 6]
c_b.h.ssm 24
¢_b.phc.xpert GeneXpert test |26.04 (18.95 - 33.13) 23.70 (16.59 - 30.81) Estimated
c_b.h.xpert based on data
from
OneHealth
Tool[9]
c_c.phc TB treatment at 396.22 (220.27 - 572.18)(158.51 (81.18 - 235.85) [4, 14]
c_d.phc
health centre
c_f.phc
c_h.phc
c ah TB clinical 14.37 (7.79 - 20.96) 61.00 (30.76 - 91.23) (4]
c_clin.h assessment at
hospital
c eh TB clinical 7.19 (4.51 -9.87) 30.50 (17.84 - 43.16) (4]
c gh reassessment at
hospital
c c.h TB treatment at {396.22 (220.27 - 572.18)[158.51 (81.18 - 235.85) (4, 14]
c fh hospital
c d.h
c h.h
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Table A2 Comparison of estimated unit costs for diagnostic visit, sputum collection, smear microscopy exam@ation and XpertMTB/RIF test with
recently published Better estimates of the costs of TB control (Value TB) project[13]. %
(@]
Country Diagnostic visit Sputum collection Smear migoscopy XpertMTB/RIF test
examination
Health centre ETH 5.84 (1.14-18.14) 4.64 1.69 (2.408.96) 26.47 (16.67-49.03)
IND 9.91 (1.89-30.54) 4.22 3.77 S 27.07 (17.04-49.40)
Value-TB ETH 3.33 (1.00-9.18) 3.28 (1-7.77) 4.53 (1.0030.30) 20.83 (16-26.69)
Primary hospital ETH 5.84 (1.61-26.39) 4.64 1.69 (2.408.96) 26.47 (16.67-49.03)
IND 9.91 (2.75-18.76) 4.22 3.77 Q 27.07 (17.04-49.40)
Value-TB ETH 6.41 (1-14.66) 5.12 (3.00-6.91) 6.24 (4.008.43) 37.87 (19-57.78)
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Additional results for base case analysis

Age-specific results

Age 0-4 years
Table A1 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated): Standard of care

children with true TB 45.5 (8.7 - 85.0)

assessments 208.1(172.8 -241.7)
bacteriological
investigations 34(2.1-49)

anti-TB treatments (ATT) 36.6 (15.3 - 59.7)

ATT initiated at PHC 68.3 (59.6 - 75.7)

percent of true-positive

receiving ATT 66.2 (55.9-75.4)
percent of ATT

bacteriologically

confirmed 0.6 (0.3 -1.0)
percent of ATT false-

positive 21.7 (2.4 - 65.8)
referrals, inc. self-

referrals 40.1 (28.3-51.7)
deaths 7.5(1.4-152)

life-years lost 205.9 (37.9 - 418.6)

17934.1 (7124.0 -
cost 35159.0)

Intervention

45.5 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (14 -14.7)

202.4 (37.5 - 405.7)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.7 (32.9 - 55.1)

99.8 (84.3 - 109.1)

0.2 (-2.8-2.7)

12.7 (8.0 - 17.4)

0.7 (-3.4-5.1)

30.8 (19.9 - 41.4)

1.0 (-4.2 - 1.9)

25.4(-33.2--17.4)
0.1(-1.2-0.7)

-3.4(-32.0 - 19.9)

-266.2 (-13326.6 -
12081.4)
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Table A2 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (3.7 - 85.0)

209.4 (173.8 - 242.9)

3.4(2.1-5.0)

36.8 (15.4 - 60.4)

70.1 (61.1 - 77.4)

66.6 (56.3 - 76.0)

0.6 (0.3 - 1.0)

21.8 (2.4 - 65.8)

41.5(29.2 - 53.1)
7.4 (14 -15.1)

209.8 (38.7 - 429.1)

13672.3 (7286.9 -
22370.9)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

255.2(219.1 - 289.2)

103.6 (88.2-113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4(20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (14 - 14.6)

207.8 (39.0 - 416.6)

14090.7 (8344.4 -
21727.0)

Difference

0.0 (0.0 - 0.0)

45.9 (33.8 - 56.0)

100.2 (84.9 - 109.5)

0.3 (-3.0 - 2.4)

13.4 (8.6 - 18.1)

0.4 (-3.7 - 4.8)

30.8 (20.0 - 41.3)

1.1 (-4.3 - 1.9)

263 (-34.4--17.9)
0.1 (-1.1-0.8)

2.0(-31.0-23.2)

418.4 (-8064.8 - 9011.5)
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Age 5-14 years
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Table A3 Ethiopia

Quantity per 100
children with

presumptive TB (unless

stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

197.9 (169.6 - 225.2)

47.1 (125 - 82.7)

29.6 (10.6 - 53.8)

74.6 (63.8 - 84.3)

53.6 (31.9 - 72.9)

14.5 (2.4 - 39.5)

21.6 (2.6 - 65.3)

23.1(8.8-39.1)

3.4 (0.6 - 7.4)

93.7 (16.9 - 203.0)

14407.8 (5303.7 -
29936.5)

Intervention

45.5 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2-111.6)

42.6 (18.5 - 67.8)

82.4(71.8-90.2)

76.8 (69.4 - 83.1)

33.7(20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3 - 3.9)

52.5(9.6 - 107.9)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

44.3 (24.8 - 62.7)

54.8 (16.5 - 91.1)

13.0 (1.5 - 30.3)

7.8 (2.1-12.9)

23.2 (5.1 -45.4)

19.2 (-5.9 - 37.4)

0.8 (-2.5 - 6.2)

9.7 (-22.7 - 4.4)

-1.5(-4.0--0.2)

41.1 (-111.6 - -4.3)

5869.6 (-6634.5 -
19361.5)
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Table A4 Indonesia

Quantity per 100
children with

presumptive TB (unless

stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

198.8 (170.2 - 226.2)

47.3 (12.7 - 83.3)

29.6 (10.5 - 54.2)

77.2 (65.5 - 87.0)

53.6 (31.5 - 73.0)

14.1 (2.3 - 38.3)

21.7 (2.6 - 65.3)

23.9 (9.1 - 40.3)

3.4 (0.6 - 7.4)

96.6 (17.4 - 210.3)

11270.2 (6013.6 -
18958.7)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (18.5 - 68.1)

85.1(73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7(20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5 -21.2)

1.9 (0.4 - 3.9)

53.9(10.0 - 111.1)

14987.1 (8815.0 -
23229.9)

Difference

0.0 (0.0 - 0.0)

45.5 (25.6 - 64.3)

54.9 (16.6 - 91.6)

13.1 (1.4 - 30.8)

7.9 (1.5 -13.5)

23.3 (4.9 - 45.9)

19.5 (-4.9 - 37.4)

0.8 (2.6 - 6.1)

-10.1 (-23.7 - 4.3)

1.5 (-4.1--0.1)

-42.7 (-115.7 - -4.3)

3716.9 (-3812.4 -
10646.6)
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Cost-effectiveness acceptability curves

Cost Effectiveness Acceptability Curve

1.00 1

0.751

0.501

Probability of cost effectiveness

0.251

0.00 1

0 1,000 2,000 3,000 4,000
Willingness to pay

Figure A1 Ethiopia
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Figure A2 Indonesia
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Results for low prevalence sensitivity analysis

Age-specific results

All ages: 0-14 years

Table A5 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 -42.5)

224.4 (203.7 - 248.1)

32.9 (9.7 - 60.1)

22.3(11.0 - 35.6)

66.7 (56.8 - 76.9)

60.4 (44.3 - 74.6)

6.9 (1.5-17.2)

41.2 (17.1 - 79.8)

41.7 (22.6 - 60.9)
2.3 (0.4 -4.8)

64.0 (11.7 - 131.4)

11688.2 (5594.7 -
21367.9)

Intervention

22.8 (4.4 -42.5)

260.5 (239.5 - 281.9)

98.3 (85.7 - 110.0)

25.5 (13.5 - 38.0)

84.0 (72.4 - 93.3)

71.2 (64.4 - 77.6)

29.0 (17.8 - 39.9)

39.7 (16.7 - 78.8)

9.4 (2.0 - 21.6)
2.1(0.4 - 4.4)

57.3 (10.4 - 120.7)

12666.3 (6357.3 -
21679.1)

Difference

0.0 (0.0 - 0.0)

36.0 (22.2 - 53.2)

65.3 (36.2 - 91.3)

3.2(-3.1-11.4)

17.3 (8.7 - 26.2)

10.8 (-2.7-27.7)

22.1 (9.7 - 34.0)

1.5(-5.9-4.2)

322 (-52.2--12.2)
0.2 (-1.1-0.3)

-6.7 (-30.5 - 9.3)

978.1 (-7407.9 - 9219.3)
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Table A6 Indonesia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB
assessments
bacteriological

investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive

receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 -42.5)

221.3 (204.3 - 239.6)

25.5(8.1-43.9)

22.1(11.2 - 34.2)

70.8 (61.5 - 78.1)

60.3 (48.2 - 71.4)

5.0(12-11.2)

40.8 (16.7 - 79.7)

38.2(27.9 - 48.3)
2.7(0.5 - 5.4)

77.4 (14.7 - 155.1)

10894.9 (6314.8 -
17164.5)

BMJ Open

Intervention

22.8 (4.4 -42.5)

271.1 (248.7 - 292.5)

105.5 (90.4 - 113.9)

26.0 (14.1 - 38.5)

82.7 (71.8 - 89.5)

71.8 (65.9 - 77.3)

28.7 (17.8 - 39.1)

40.5 (17.4 - 79.3)

17.4 (12.9 - 23.8)
2.3(0.4 - 4.6)

66.5 (12.4 - 132.3)

12513.6 (7709.2 -
18868.1)

Difference

0.0 (0.0 - 0.0)

49.8 (37.8 - 60.8)

80.0 (56.7 - 100.3)

4.0 (-0.4 - 9.9)

11.9 (7.2 - 16.4)

11.5 (1.8 - 23.1)

23.6 (13.1 - 34.3)

0.3 (-4.1 - 5.0)

-20.8 (-29.8 - -10.8)
0.4 (-1.1 - 0.0)

-10.9 (-30.9 - 0.1)

1618.7 (-4945.3 -
8121.1)
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Age 0-4 years
Table A7 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 -42.5)

235.5(209.9 - 262.1)

3.7(2.3-5.5)

25.5(12.3-39.3)

62.6 (53.4 - 72.7)

69.3 (57.6 - 79.5)

0.6 (0.3 - 1.0)

40.7 (14.3 - 80.7)

56.0 (35.1 - 73.4)
3.4(0.6-7.2)

94.9 (17.3 - 197.9)

13498.5 (6292.1 -
24528.2)

BMJ Open

Intervention

22.8 (4.4 -42.5)

264.5 (244.8 - 284.9)

98.6 (86.2 - 110.5)

22.6 (11.0 - 34.7)

83.6 (71.9 - 93.1)

64.8 (55.8 - 73.1)

28.8 (17.8 - 39.7)

37.8 (14.0 - 77.9)

9.8 (2.1-22.3)
3.9(0.7-7.8)

106.6 (19.9 -213.9)

11443.3 (5638.1 -
19702.2)

Difference

0.0 (0.0 - 0.0)

29.0 (13.7 - 47.9)

94.8 (82.5 - 106.6)

3.0 (-6.9 - 0.4)

21.0 (11.6 - 30.7)

4.5 (-10.6 - 2.6)

28.2(17.4 - 38.9)

2.9 (-6.6 - 1.8)

-46.2 (-64.8 - -25.7)
0.4 (-0.2 - 1.4)

11.7 (-6.3 - 37.5)

-2055.2 (-11147.7 -
5839.4)

10
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Table A8 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 -42.5)

228.3 (208.1 - 249.0)

3.5(22-5.2)

24.4 (11.7 - 37.5)

67.8 (59.3 - 75.2)

66.6 (56.3 - 76.0)

0.5(0.3 - 1.0)

40.3 (14.1 - 80.3)

47.5 (38.8 - 55.3)
3.7(0.7-7.5)

104.9 (19.4 - 214.5)

11896.1 (6406.6 -
19196.8)

BMJ Open

Intervention

22.8 (4.4 -42.5)

274.5(252.9 - 294.7)

106.0 (90.9 - 114.3)

23.8 (11.8 - 36.2)

82.1(71.5 - 88.8)

67.0 (58.5 - 74.8)

28.7 (17.6 - 39.6)

38.8 (14.6 - 78.5)

17.9 (13.4 - 24.4)
3.7(0.7-7.3)

103.9 (19.5 - 208.3)

12176.0 (7451.0 -
18467.1)

Difference

0.0 (0.0 - 0.0)

46.2 (34.0 - 55.8)

102.5 (87.3-110.8)

0.6 (-3.0 - 1.4)

14.2 (9.1 - 18.9)

0.4 (-3.7 - 4.8)

28.1(17.2 - 38.9)

1.5 (-4.8-3.1)

-29.6 (-35.9 - -22.1)
-0.0 (-0.5 - 0.4)

-1.0 (-15.5-11.6)

279.8 (-7399.6 - 7997.8)

11
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Age 5-14 years
Table A9 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 -42.5)

217.8 (198.9 - 241.4)

50.4 (13.8 - 85.9)

20.3 (8.1-35.7)

70.2 (58.8 - 81.9)

55.1(32.5-75.7)

12.7 (2.1 - 35.4)

40.6 (15.3 - 80.4)

33.1(12.2 - 55.5)

1.6 (0.3 - 3.6)

45.5 (8.0 - 100.0)

10603.2 (4477.3 -
20733.1)

BMJ Open

Intervention

22.8 (4.4 -42.5)

258.0(236.2 - 280.4)

98.1 (85.4 - 109.7)

27.2 (14.0 - 40.7)

84.2 (72.7 - 93.4)

75.1 (67.2 - 82.0)

29.4(16.9-41.7)

40.2 (16.0 - 79.7)

9.2 (1.9 -21.2)

1.0 (0.2 - 2.1)

27.7(5.1-57.5)

13401.2 (6616.6 -
22999.5)

Difference

0.0 (0.0 - 0.0)

40.3 (25.0 - 58.7)

47.6 (10.1 - 85.7)

6.9 (-2.2 - 18.6)

14.1 (4.7 - 23.9)

20.0 (0.5 - 43.3)

16.6 (-5.9 - 33.0)

0.4 (-5.3-6.7)

-23.8 (-47.1--1.3)

0.6 (-1.9 - -0.0)

-17.8 (-51.9--0.3)

2798.0 (-6051.3 -
11513.5)

12
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Table A10 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 -42.5)

213.8(198.0 - 233.1)

48.9 (13.3 - 84.6)

19.6 (7.9 - 34.4)

75.1 (63.7 - 85.5)

53.6 (31.5 - 73.0)

12.2 (1.9 - 34.3)

40.2 (15.1 - 79.9)

28.3 (11.5-44.1)

1.7 (0.3 -3.7)

48.3 (8.7 - 105.1)

9830.4 (5352.0 -
15979.3)

BMJ Open

Intervention

22.8 (4.4 -42.5)

267.4 (243.3 -290.7)

105.1 (89.9-113.6)

28.5 (15.0 - 42.2)

83.2 (72.2 - 90.3)

76.9 (69.6 - 83.3)

29.1 (16.6 - 41.3)

41.4 (16.8 - 80.4)

16.9 (12.3 - 23.3)

0.9 (0.2 - 2.0)

26.9 (5.0 - 55.6)

12871.7 (7911.6 -
19463 3)

Difference

0.0 (0.0 - 0.0)

53.6 (39.5 - 69.5)

56.2 (18.0 - 93.5)

8.8 (0.5 - 20.4)

8.1(0.7 - 14.4)

23.3 (4.9 - 45.9)

16.9 (-4.8 - 33.0)

1.2 (-3.2 - 8.0)

-11.4 (-26.4 - 5.6)

0.8 (-2.0--0.1)

21.4(-57.9--2.1)

3041.3 (-3390.0 -
8592.6)

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 84 of 105

e

e~

N Y

o~


http://bmjopen.bmj.com/

Page 85 of 105

oNOYTULT D WN =

BMJ Open

Results for Xpert baseline sensitivity analysis

Age-specific results

All ages: 0-14 years

Table A11 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

199.4 (168.3 - 230.2)

30.7 (8.7 - 57.5)

34.3 (14.2 - 56.8)

73.6 (63.9 - 81.8)

62.6 (51.4 - 72.7)

14.0 (3.0 - 32.6)

21.3 (2.7 - 63.8)

29.5 (17.0 - 42.9)
4.6 (0.9 - 9.4)

127.7 (23.8 - 260.7)

16678.2 (6843.1 -
32205.5)

Intervention

45.5 (8.7 - 85.0)

246.2 (207.3 - 283.3)

102.3 (86.8 - 112.0)

40.3 (17.6 - 64.4)

81.9 (71.6 - 89.5)

73.0 (66.7 - 78.8)

32.8(20.7 - 44.1)

21.9 (2.9 - 64.9)

13.8 (8.0 - 21.0)
3.9(0.7-8.3)

108.7 (19.7 - 228.5)

19297.7 (8413.8 -
35444.7)

Difference

0.0 (0.0 - 0.0)

46.8 (33.2 - 59.9)

71.7 (41.5 - 96.3)

6.0 (0.1 - 15.0)

8.4(3.2-13.2)

10.5 (1.6 - 22.0)

18.8 (-0.2 - 34.6)

0.6 (-2.4 - 5.1)

-15.6 (-25.8 - -4.9)
-0.7 (-2.0 - 0.0)

-19.0 (-55.1-0.1)

2619.5 (-9141.3 -
14513.1)

14
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Table A12 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

202.3 (170.6 - 232.9)

24.7 (7.8 -43.2)

35.1(14.8 - 57.5)

74.4 (64.7 - 81.7)

63.8 (54.3 - 72.8)

10.7 (2.6 - 22.7)

21.6 (2.7 - 64.4)

33.0 (21.5 - 45.5)
5.2(1.0-10.3)

147.8 (28.1 - 294.2)

12852.5 (7260.6 -
20698.7)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

249.9 (211.2 - 286.5)

103.0 (87.5 - 112.6)

39.5(17.1 - 63.3)

84.4 (73.2-91.2)

71.8 (65.9 - 77.3)

32.5(20.9 - 43.4)

21.8 (2.9 - 64.6)

14.5 (8.6 - 21.7)
4.7(0.9 -9.3)

133.1 (24.7 - 264.6)

14525.7 (8603.6 -
22403.0)

Difference

0.0 (0.0 - 0.0)

47.7 (34.7 - 59.6)

78.2 (54.5 - 98.4)

4.4(-04-11.1)

10.0 (5.4 - 14.6)

8.0 (0.6 - 16.6)

21.7 (7.7 - 35.3)

0.2 (-2.8 - 4.2)

-18.4 (-27.6 - -9.5)
0.5(-1.6-0.1)

-14.7 (-45.7 - 3.5)

1673.3 (-5630.9 -
8936.4)

15
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Age 0-4 years
Table A13 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

208.0 (172.6 - 241.6)

3.4(2.1-4.9)

36.7 (15.4 - 59.9)

68.4 (59.7 - 75.8)

66.5 (56.2 - 75.7)

1.1(0.5-1.7)

21.7 (2.4 - 65.7)

40.1 (28.3 - 51.7)
7.4 (14 -15.1)

204.3 (37.6 - 416.1)

18004.2 (7149.6 -
35253.8)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (14 -14.7)

202.4 (37.5-405.7)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.9 (33.1 - 55.2)

99.8 (84.3 - 109.1)

0.3 (-2.9-2.5)

12.6 (7.9 - 17.2)

0.3 (-3.7-4.8)

30.3 (19.7 - 41.0)

1.0 (-4.1 - 1.9)

25.4(-33.2--17.4)
0.1 (-1.1-0.8)

-1.8 (-29.6 - 21.8)

-336.2 (-13382.6 -
11963.8)

16
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Table A14 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments (ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

209.2 (173.5 - 242.9)

3.4(2.1-5.0)

37.0 (15.5 - 60.7)

70.3 (61.3 - 77.5)

67.0 (56.6 - 76.3)

1.1(0.5-1.7)

21.8 (2.4 - 65.7)

41.5(29.2 - 53.1)
7.3 (1.4 - 15.0)

208.1 (38.4 - 426.3)

13704.3 (7307.0 -
22423.2)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

255.2(219.1 - 289.2)

103.6 (88.2-113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4(20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (14 - 14.6)

207.8 (39.0 - 416.6)

14090.7 (8344.4 -
21727.0)

Difference

0.0 (0.0 - 0.0)

46.1 (34.0 - 56.2)

100.2 (84.9 - 109.5)

0.5(-3.1-2.2)

13.3 (8.4 - 17.9)

0.1(-3.9 - 4.5)

30.3 (19.6 - 40.9)

1.0 (-4.2 - 1.9)

263 (-34.4--17.9)
0.0 (-1.0 - 0.9)

-0.3 (-28.4 - 25.5)

386.4 (-8103.9 - 8967.9)
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Age 5-14 years
Table A15 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments (ATT)
ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

194.2 (164.3 - 224.2)

47.1 (12.5 - 82.7)

32.9 (12.5 - 56.8)

77.2 (66.1 - 87.6)

60.2 (44.6 - 74.9)

23.5 (4.2 - 56.3)

20.7 (2.5 - 64.1)

23.0 (3.8 -39.1)

3.0 (0.6 - 6.3)

81.8 (15.2 - 172.9)

15884.6 (6196.1 -
31393.0)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2-111.6)

42.6 (18.5 - 67.8)

82.4(71.8-90.2)

76.8 (69.4 - 83.1)

33.7(20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3 - 3.9)

52.5(9.6 - 107.9)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

48.0 (31.6 - 65.4)

54.8 (16.5 - 91.1)

9.7 (0.9 - 22.5)

52(-2.2-11.8)

16.5 (3.3 - 32.6)

10.2 (-22.8 - 33.6)

1.7 (-1.9 - 8.3)
9.7 (-22.7 - 4.4)
1.1(-2.9--0.1)

-29.3 (-80.4 - -2.9)

4392.8 (-7520.5 -
16511.0)

18
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Table A16 Indonesia

Quantity per 100
children with
presumptive TB (unless

stated): Standard of care

children with true TB 45.5 (8.7 - 85.0)

assessments 194.9 (164.8 - 225.1)
bacteriological
investigations 47.3 (12.7 - 83.3)

anti-TB treatments (ATT) 33.1 (12.6 - 57.0)

ATT initiated at PHC 79.6 (67.8 - 90.1)

percent of true-positive

receiving ATT 60.5 (44.7 - 75.1)
percent of ATT

bacteriologically

confirmed 23.5(4.3-56.3)
percent of ATT false-

positive 20.8 (2.5-64.3)

referrals, inc. self-referrals 23.8 (9.0 - 40.3)

deaths 2.9 (0.6 - 6.3)

life-years lost 83.9 (15.8 - 178.7)

11945.9 (6523.9 -
cost 19684.3)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (18.5 - 68.1)

85.1(73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7(20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5 -21.2)

1.9 (0.4 - 3.9)

53.9(10.0 - 111.1)

14987.1 (8815.0 -
23229.9)

Difference

0.0 (0.0 - 0.0)

49.4 (32.8 - 67.1)

54.9 (16.6 - 91.6)

9.7 (0.8 - 22.5)

5.5(-2.4 - 12.6)

16.5 (3.1 - 32.6)

10.2 (-22.6 - 33.6)

1.7 (-1.9 - 8.3)

-10.1 (-23.7 - 4.3)

1.1 (-2.9--0.1)

-30.1(-83.3--2.7)

3041.3 (-4161.7 - 9508.2)

19
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BMJ Open

Results for 0% discount rate sensitivity analysis

Age-specific results

All ages: 0-14 years
Table A17 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

201.8(171.8 - 230.9)

30.7 (8.7 - 57.5)

32.2(13.2 - 54.5)

71.8 (62.3 - 79.6)

58.3(43.0 - 71.1)

8.0 (1.7 - 19.8)

21.9 (2.8 - 64.6)

29.5 (17.0 - 42.9)

4.9 (0.9 - 10.0)

339.1 (62.7 - 692.0)

15729.4 (6368.3 -
31027.5)

Intervention

45.5 (8.7 - 85.0)

246.2 (207.3 - 283.3)

102.3 (86.8 - 112.0)

40.3 (17.6 - 64.4)

81.9 (71.6 - 89.5)

73.0 (66.7 - 78.8)

32.8(20.7 - 44.1)

21.9 (2.9 - 64.9)

13.8 (8.0 - 21.0)

3.9(0.7-8.3)

271.6 (49.2-570.9)

19297.7 (8413.8 -
35444.7)

Difference

0.0 (0.0 - 0.0)

44.4 (29.5 - 58.1)

71.7 (41.5 - 96.3)

8.1 (0.6 - 20.3)

10.1 (5.8 - 14.2)

14.7 (2.8 - 30.5)

24.8 (10.6 - 37.8)

0.0 (-3.0 - 4.0)

-15.6 (-25.8 - -4.9)

1.0 (-2.8--0.1)

-67.5 (-189.8 - -4.1)

3568.3 (-8472.2 -
16311.6)

20
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Table A18 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

204.2 (173.4 - 233.5)

24.7 (7.8 -43.2)

33.3 (14.1 - 55.3)

73.0 (63.2 - 80.3)

60.3 (48.2 - 71.4)

5.9 (14 -12.9)

22.0 (2.8 - 65.1)

33.0 (21.5 - 45.5)
5.4 (1.0 - 10.9)

391.6 (74.2 - 784.5)

12508.1 (7056.4 -
20279.0)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

249.9 (211.2 - 286.5)

103.0 (87.5 - 112.6)

39.5(17.1 - 63.3)

84.4 (73.2-91.2)

71.8 (65.9 - 77.3)

32.5(20.9 - 43.4)

21.8 (2.9 - 64.6)

14.5 (8.6 - 21.7)
4.7(0.9 -9.3)

336.7 (62.6 - 669.4)

14525.7 (8603.6 -
22403.0)

Difference

0.0 (0.0 - 0.0)

45.7 (31.9 - 58.0)

78.2 (54.5 - 98.4)

6.2(0.1-15.2)

11.3 (7.1 - 15.4)

11.5 (1.8 - 23.1)

26.6 (14.9 - 38.2)

0.3 (-3.5-3.5)

-18.4 (-27.6 - -9.6)
-0.8(-2.2 - 0.0)

-55.0 (-156.1 - 0.6)

2017.6 (-5421.3 -
9470.6)
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Age 0-4 years
Table A19 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB
assessments
bacteriological

investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive

receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

208.1(172.8 - 241.7)

3.4(2.1-4.9)

36.6 (15.3 - 59.7)

68.3 (59.6 - 75.7)

66.2 (55.9 - 75.4)

0.6 (0.3 - 1.0)

21.7 (2.4 - 65.8)

40.1 (28.3 - 51.7)
7.5 (14 -15.2)

514.5 (94.8 - 1046.0)

17934.1 (7124.0 -
35159.0)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (14 -14.7)

505.9 (93.8 - 1013.6)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.7 (32.9 - 55.1)

99.8 (84.3 - 109.1)

0.2 (-2.8-2.7)

12.7 (8.0 - 17.4)

0.7 (-3.4-5.1)

30.8 (19.9 - 41.4)

1.0 (-4.2 - 1.9)

25.4(-33.2--17.4)
0.1 (-1.2-0.7)

-8.6(-79.9 - 49.8)

-266.2 (-13326.6 -
12081.4)

22
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Table A20 Indonesia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

209.4 (173.8 - 242.9)

3.4(2.1-5.0)

36.8 (15.4 - 60.4)

70.1 (61.1 - 77.4)

66.6 (56.3 - 76.0)

0.6 (0.3 - 1.0)

21.8 (2.4 - 65.8)

41.5(29.2 - 53.1)
7.4 (14 -15.1)

530.6 (97.9 - 1085.3)

13672.3 (7286.9 -
22370.9)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

255.2(219.1 - 289.2)

103.6 (88.2-113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4(20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (14 - 14.6)

525.6 (98.7 - 1053.7)

14090.7 (8344.4 -
21727.0)

Difference

0.0 (0.0 - 0.0)

45.9 (33.8 - 56.0)

100.2 (84.9 - 109.5)

0.3 (-3.0 - 2.4)

13.4 (8.6 - 18.1)

0.4 (-3.7 - 4.8)

30.8 (20.0 - 41.3)

1.1 (-4.3 - 1.9)

263 (-34.4--17.9)
0.1 (-1.1-0.8)

-5.0 (-78.3 - 58.6)

418.4 (-8064.8 - 9011.5)
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Age 5-14 years
Table A21 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

197.9 (169.6 - 225.2)

47.1 (125 - 82.7)

29.6 (10.6 - 53.8)

74.6 (63.8 - 84.3)

53.6 (31.9 - 72.9)

14.5 (2.4 - 39.5)

21.6 (2.6 - 65.3)

23.1(8.8-39.1)

3.4 (0.6 - 7.4)

234.0 (42.2 - 507.3)

14407.8 (5303.7 -
29936.5)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2-111.6)

42.6 (18.5 - 67.8)

82.4 (71.8 - 90.2)

76.8 (69.4 - 83.1)

33.7(20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3 - 3.9)

131.2 (24.1 - 269.5)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

44.3 (24.8 - 62.7)

54.8 (16.5 - 91.1)

13.0 (1.5 - 30.3)

7.8 (2.1-12.9)

23.2 (5.1 -45.4)

19.2 (-5.9 - 37.4)

0.8 (-2.5 - 6.2)
9.7 (-22.7 - 4.4)
1.5 (-4.0--0.2)

-102.8 (-278.9 - -10.6)

5869.6 (-6634.5 -
19361.5)

24
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Table A22 Indonesia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

198.8 (170.2 - 226.2)

47.3 (12.7 - 83.3)

29.6 (10.5 - 54.2)

77.2 (65.5 - 87.0)

53.6 (31.5 - 73.0)

14.1 (2.3 - 38.3)

21.7 (2.6 - 65.3)

23.9 (9.1 - 40.3)

3.4 (0.6 - 7.4)

2443 (4.1 - 531.9)

11270.2 (6013.6 -
18958.7)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (18.5 - 68.1)

85.1(73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7(20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5 -21.2)

1.9 (0.4 - 3.9)

136.3 (25.4 - 281.0)

14987.1 (8815.0 -
23229.9)

Difference

0.0 (0.0 - 0.0)

45.5 (25.6 - 64.3)

54.9 (16.6 - 91.6)

13.1 (1.4 - 30.8)

7.9 (1.5 -13.5)

23.3 (4.9 - 45.9)

19.5 (-4.9 - 37.4)

0.8 (-2.6 - 6.1)

-10.1 (-23.7 - 4.3)

1.5 (-4.1--0.1)

-108.0 (-292.8 - -10.8)

3716.9 (-3812.4 -
10646.6)
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Results for 5% discount rate sensitivity analysis

Age-specific results

All ages: 0-14 years
Table A23 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

201.8(171.8 - 230.9)

30.7 (8.7 - 57.5)

32.2(13.2 - 54.5)

71.8 (62.3 - 79.6)

58.3(43.0- 71.1)

8.0 (1.7 - 19.8)

21.9 (2.8 - 64.6)

29.5 (17.0 - 42.9)

4.9 (0.9 - 10.0)

89.0 (16.5 - 181.7)

15729.4 (6368.3 -
31027.5)

Intervention

45.5 (8.7 - 85.0)

246.2 (207.3 - 283.3)

102.3 (86.8 - 112.0)

40.3 (17.6 - 64.4)

81.9 (71.6 - 89.5)

73.0 (66.7 - 78.8)

32.8(20.7 - 44.1)

21.9 (2.9 - 64.9)

13.8 (8.0 - 21.0)

3.9(0.7-8.3)

71.3 (12.9 - 149.9)

19297.7 (8413.8 -
35444.7)

Difference

0.0 (0.0 - 0.0)

44.4 (29.5 - 58.1)

71.7 (41.5 - 96.3)

8.1 (0.6 - 20.3)

10.1 (5.8 - 14.2)

14.7 (2.8 - 30.5)

24.8 (10.6 - 37.8)

0.0 (-3.0 - 4.0)

-15.6 (-25.8 - -4.9)

1.0 (-2.8--0.1)

-17.7 (-49.8 - -1.1)

3568.3 (-8472.2 -
16311.6)

26
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Table A24 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

204.2 (173.4 - 233.5)

24.7 (7.8 -43.2)

33.3 (14.1 - 55.3)

73.0 (63.2 - 80.3)

60.3 (48.2 - 71.4)

5.9 (14 -12.9)

22.0 (2.8 - 65.1)

33.0 (21.5 - 45.5)
5.4 (1.0 - 10.9)

101.1 (19.2-202.4)

12508.1 (7056.4 -
20279.0)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

249.9 (211.2 - 286.5)

103.0 (87.5 - 112.6)

39.5(17.1 - 63.3)

84.4(73.2-91.2)

71.8 (65.9 - 77.3)

32.5(20.9 - 43.4)

21.8 (2.9 - 64.6)

14.5 (8.6 - 21.7)
4.7(0.9 -9.3)

86.9 (16.2 - 172.7)

14525.7 (8603.6 -
22403.0)

Difference

0.0 (0.0 - 0.0)

45.7 (31.9 - 58.0)

78.2 (54.5 - 98.4)

6.2(0.1-15.2)

11.3 (7.1 - 15.4)

11.5 (1.8 - 23.1)

26.6 (14.9 - 38.2)

0.3 (-3.5-3.5)

-18.4 (-27.6 - -9.6)
0.8 (-2.2 - 0.0)

-14.2 (-40.3 - 0.2)

2017.6 (-5421.3 - 9470.6)

27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 98 of 105

e

e~

N Y

o~


http://bmjopen.bmj.com/

Page 99 of 105

oNOYTULT D WN =

Age 0-4 years
Table A25 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

208.1(172.8 - 241.7)

3.4(2.1-4.9)

36.6 (15.3 - 59.7)

68.3 (59.6 - 75.7)

66.2 (55.9 - 75.4)

0.6 (0.3 - 1.0)

21.7 (2.4 - 65.8)

40.1 (28.3 - 51.7)
7.5 (1.4 -15.2)

135.1 (24.9-274.6)

17934.1 (7124.0 -
35159.0)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (14 -14.7)

132.8 (24.6 - 266.1)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.7 (32.9 - 55.1)

99.8 (84.3 - 109.1)

0.2 (-2.8-2.7)

12.7 (8.0 - 17.4)

0.7 (-3.4-5.1)

30.8 (19.9 - 41.4)

1.0 (-4.2 - 1.9)

25.4(-33.2--17.4)
0.1(-1.2-0.7)

2.3 (-21.0 - 13.1)

-266.2 (-13326.6 -
12081.4)

28
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Table A26 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

209.4 (173.8 - 242.9)

3.4(2.1-5.0)

36.8 (15.4 - 60.4)

70.1 (61.1 - 77.4)

66.6 (56.3 - 76.0)

0.6 (0.3 - 1.0)

21.8 (2.4 - 65.8)

41.5(29.2 - 53.1)
7.4 (14 -15.1)

136.9 (25.3 - 280.0)

13672.3 (7286.9 -
22370.9)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

255.2(219.1 - 289.2)

103.6 (88.2-113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4(20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (14 - 14.6)

135.6 (25.5 - 271.9)

14090.7 (8344.4 -
21727.0)

Page 100 of 105

Difference

0.0 (0.0 - 0.0)

45.9 (33.8 - 56.0)

100.2 (84.9 - 109.5)

0.3 (-3.0 - 2.4)

13.4 (8.6 - 18.1)

0.4 (-3.7 - 4.8)

30.8 (20.0 - 41.3)

1.1 (-4.3 - 1.9)

263 (-34.4--17.9)
-0.1(-1.1-0.8)

-1.3(-20.2 - 15.1)

418.4 (-8064.8 - 9011.5)
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Age 5-14 years
Table A27 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

197.9 (169.6 - 225.2)

47.1 (12.5 - 82.7)

29.6 (10.6 - 53.8)

74.6 (63.8 - 84.3)

53.6 (31.9 - 72.9)

14.5 (2.4 - 39.5)

21.6 (2.6 - 65.3)

23.1(8.8-39.1)

3.4 (0.6 - 7.4)

61.4(11.1-133.2)

14407.8 (5303.7 -
29936.5)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2-111.6)

42.6 (18.5 - 67.8)

82.4 (71.8 - 90.2)

76.8 (69.4 - 83.1)

33.7(20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3 - 3.9)

34.5 (6.3 - 70.8)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

44.3 (24.8 - 62.7)

54.8 (16.5 - 91.1)

13.0 (1.5 - 30.3)

7.8 (2.1-12.9)

23.2 (5.1 -45.4)

19.2 (-5.9 - 37.4)

0.8 (-2.5 - 6.2)
9.7 (-22.7 - 4.4)
-1.5(-4.0--0.2)

-27.0 (-73.2--2.8)

5869.6 (-6634.5 -
19361.5)

30
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Table A28 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments (ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

198.8 (170.2 - 226.2)

47.3 (12.7 - 83.3)

29.6 (10.5 - 54.2)

77.2 (65.5 - 87.0)

53.6 (31.5 - 73.0)

14.1 (2.3 - 38.3)

21.7 (2.6 - 65.3)

23.9 (9.1 - 40.3)

3.4 (0.6 - 7.4)

63.0(11.4-137.2)

11270.2 (6013.6 -
18958.7)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (18.5 - 68.1)

85.1(73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7(20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5 -21.2)

1.9 (0.4 - 3.9)

35.2 (6.5 - 72.5)

14987.1 (8815.0 -
23229.9)

Page 102 of 105

Difference

0.0 (0.0 - 0.0)

45.5 (25.6 - 64.3)

54.9 (16.6 - 91.6)

13.1 (1.4 - 30.8)

7.9 (1.5 -13.5)

23.3 (4.9 - 45.9)

19.5 (-4.9 - 37.4)

0.8 (2.6 -6.1)

-10.1 (-23.7 - 4.3)

1.5(-4.1--0.1)

27.9(-75.5 - -2.8)

3716.9 (-3812.4 -
10646.6)
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Comparison of ICERs for sensitivity analyses

Table A29 ICERs by sensitivity analysis for each country

scenario
basecase 132.2
Xpert SOC 137.8
Low prevalence 178.1
0% discount rate 54.8
5% discount rate 199.3
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Ethiopia

93.8
114.8

150.4

38.3

142.2

Indonesia
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Xpert on stool to diagnose tuberculosis in children is cost-
effective in Ethiopia and Indonesia: a model-based cost-
effectiveness analysis

Appendix 4: Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist — Items to include when reporting

economic evaluations of health interventions

Item Reported on page No/

Section/item No Recommendation line No

Title and abstract

Title 1 Identify the study as an economic evaluation or use page 1, line 1 to 2
more specific terms such as “cost-effectiveness
analysis”, and describe the interventions compared.

Abstract 2 Provide a structured summary of objectives, page 2, line 1 to 29
perspective, setting, methods (including study design
and inputs), results (including base case and
uncertainty analyses), and conclusions.

Introduction

Background and 3 Provide an explicit statement of the broader context page 3, line 27 to 33

objectives for the study.
Present the study question and its relevance for health page 3, line 27 to 33
policy or practice decisions.

Methods

Target population and 4 Describe characteristics of the base case population page 4, line 1 to 13;

subgroups and subgroups analysed, including why they were page 5, line 1to 9
chosen.

Setting and location 5 State relevant aspects of the system(s) in which the page 4, line 1 to 33
decision(s) need(s) to be made.

Study perspective 6 Describe the perspective of the study and relate this to page 5, line 34 to 37
the costs being evaluated.

Comparators 7 Describe the interventions or strategies being page 3, line 13 to 33;
compared and state why they were chosen. page 4, line 15 to 27

Time horizon 8 State the time horizon(s) over which costs and page 5, line 37;
consequences are being evaluated and say why page 6, line 18 to 21
appropriate.

Discount rate 9 Report the choice of discount rate(s) used for costs page 6, line 32 to 33

and outcomes and say why appropriate.

Choice of health outcomes 10 Describe what outcomes were used as the measure(s) page 6, line 23 to 27;
of benefit in the evaluation and their relevance for the
type of analysis performed.
Measurement of 11a Single study-based estimates: Describe fully the not applicable
effectiveness design features of the single effectiveness study and
why the single study was a sufficient source of clinical
effectiveness data.
11b Synthesis-based estimates: Describe fully the methods page 5, line 14 to 31;
used for identification of included studies and page 7, line 2 to 9;
synthesis of clinical effectiveness data. Table 1;
Appendix 2a
Measurement and 12 If applicable, describe the population and methods not applicable
valuation of preference used to elicit preferences for outcomes.
based outcomes
Estimating resources and 13a Single study-based economic evaluation: Describe not applicable

costs

approaches used to estimate resource use associated
with the alternative interventions. Describe primary or
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Item Reported on page No/
Section/item No Recommendation line No
secondary research methods for valuing each resource
item in terms of its unit cost. Describe any
adjustments made to approximate to opportunity costs.
13b Model-based economic evaluation: Describe page 5, line 34 to
approaches and data sources used to estimate resource page 6, line 16;
use associated with model health states. Describe Table 2;
primary or secondary research methods for valuing Appendix 2b
each resource item in terms of its unit cost. Describe
any adjustments made to approximate to opportunity
costs.
Currency, price date, and 14 Report the dates of the estimated resource quantities page 5 line 34 to 37;
conversion and unit costs. Describe methods for adjusting Appendix 2b
estimated unit costs to the year of reported costs if
necessary. Describe methods for converting costs into
a common currency base and the exchange rate.
Choice of model 15 Describe and give reasons for the specific type of page 5, line 2 to 9;
decision-analytical model used. Providing a figure to page 14, figure 1;
show model structure is strongly recommended. Appendix 2a, figure 1
Assumptions 16 Describe all structural or other assumptions page 4, line 3 to 40;
underpinning the decision-analytical model. page 5, line 2 to 9;
page 14, figure 1;
Appendix 2a, figure 1
Analytical methods 17 Describe all analytical methods supporting the page 6, line 23 to 34
evaluation. This could include methods for dealing
with skewed, missing, or censored data; extrapolation
methods; methods for pooling data; approaches to
validate or make adjustments (such as half cycle
corrections) to a model; and methods for handling
population heterogeneity and uncertainty.
Results
Study parameters 18 Report the values, ranges, references, and, if used, page 17, table 1;
probability distributions for all parameters. Report page 20, table 2:
reasons or sources for distributions used to represent Appendix 2a;
uncertainty where appropriate. Providing a table to Appendix 2b
show the input values is strongly recommended.
Incremental costs and 19 For each intervention, report mean values for the main page 7, line 29 to 32;
outcomes categories of estimated costs and outcomes of interest, page 21, table 3;
as well as mean differences between the comparator Appendix 3
groups. If applicable, report incremental cost-
effectiveness ratios.
Characterising uncertainty 20a Single study-based economic evaluation: Describe the not applicable
effects of sampling uncertainty for the estimated
incremental cost and incremental effectiveness
parameters, together with the impact of
methodological assumptions (such as discount rate,
study perspective).
20b Model-based economic evaluation: Describe the page 7, line 34 to
effects on the results of uncertainty for all input page 8, line 6;
parameters, and uncertainty related to the structure of page 15, figure 2:
the model and assumptions. page 16, figure 3;
Appendix 3
Characterising 21 If applicable, report differences in costs, outcomes, or page 7, line 11 to 32;
heterogeneity cost-effectiveness that can be explained by variations Appendix 3
between subgroups of patients with different baseline
characteristics or other observed variability in effects
that are not reducible by more information.
Discussion
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Study findings, 22 Summarise key study findings and describe how they page 8, line 9 to
limitations, support the conclusions reached. Discuss limitations page 10, line 7
generalisability, and and the generalisability of the findings and how the

current knowledge findings fit with current knowledge.

Other

Source of funding 23 Describe how the study was funded and the role of the page 11, line 18 to 21;

funder in the identification, design, conduct, and Information provided via
reporting of the analysis. Describe other non-monetary the submission system

sources of support.

Conflicts of interest

24 Describe any potential for conflict of interest of study

page 11, line 16;

contributors in accordance with journal policy. Inthe  Information provided via
absence of a journal policy, we recommend authors the submission system

comply with International Committee of Medical
Journal Editors recommendations.

For consistency, the CHEERS statement checklist format is based on the format of the CONSORT statement checklist
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Abstract

Objectives

The World Health Organization currently recommends stool testing using on GeneXpert
MTB/Rif (Xpert) for the diagnosis of paediatric tuberculosis (TB). The simple one-step (SOS)
stool method enables processing for Xpert testing at the primary healthcare (PHC) level. We
modelled the impact and cost-effectiveness of implementing the SOS stool method at PHC for
the diagnosis of paediatric TB in Ethiopia and Indonesia, compared to standard of care.

Setting
All children (age <15 years) presenting with presumptive TB at primary healthcare or hospital
level in Ethiopia and Indonesia.

Primary outcome
Cost-effectiveness estimated as incremental costs compared with incremental disability-adjusted
life-years saved.

Methods

Decision tree modelling was used to represent pathways of patient care and referral. We based
model parameters on ongoing studies and surveillance, systematic literature review, and expert
opinion. We estimated costs using data available publicly and in-country experts. Health
outcomes were based on modelled mortality and discounted life-years lost.

Results

The intervention increased the sensitivity of TB diagnosis by 19-25% in both countries leading to
a 14-20% relative reduction in mortality. Under the intervention, fewer children seeking care at
PHC were referred (or self-referred) to higher levels of care; the number of children initiating
anti-TB treatment (ATT) increased by 18-25%; and more children (85%) initiated ATT at PHC
level. Costs increased under the intervention compared to a base-case using smear microscopy in
the SOC resulting in incremental cost-effectiveness ratios of $132 and $94 per DALY averted in
Ethiopia and Indonesia, respectively. At a cost-effectiveness threshold of 0.5xGDP per capita,
the projected probability of the intervention being cost-effective in Ethiopia and Indonesia was
87% and 96%, respectively. The intervention remained cost-effective under sensitivity analyses.

Conclusions
The addition of the SOS stool method to national algorithms for diagnosing TB in children is
likely to be cost-effective in both Ethiopia and Indonesia.
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Strengths and limitations of this study

e The first study to evaluate the impact and cost-effectiveness of including the SOS method
to the existing national algorithms for diagnosing TB in children.

e The evaluation used a systematic literature review to inform model parameters.

e The analysis is based on two very diverse settings and is likely to have global relevance
to countries with high TB burden.

e Limited availability of local data to inform some important parameters, including referral
rates and primary cost data.

e Patient costs were not included, meaning any patient benefits from reduced referrals were
not captured.
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Background

It is estimated that in 2018, around 1.1 million children below 15 years of age fell ill from tuberculosis
(TB).[1] In the same year, 250,000 children died of TB, mostly because TB was not diagnosed or was
diagnosed too late. It is estimated that 55% of TB cases are missed, particularly in the youngest age
group.[2] TB in children presents with nonspecific signs and symptoms, and M. tuberculosis bacilli are
usually not detected.[2] Partly, this is because the main specimen used for diagnosing pulmonary TB is
sputum, which is challenging to obtain, especially from young children. Therefore, (semi-)invasive
methods such as nasogastric aspiration and sputum induction are often required. These methods are
painful and stressful for children and care givers and sometimes require hospitalization. Moreover, not all
primary health care (PHC) facilities in TB endemic areas, where parents with children usually first seek
care, have facilities to perform these procedures. Alternative, non-invasive specimens, such as stool, can
be used for the diagnosis of TB in children using Xpert MTB/RIF (Xpert) technology.[3, 4]

Since January 2020, WHO recommends Xpert testing of stool specimens as a primary diagnostic test for
TB in children with signs and symptoms of pulmonary TB.[5] This recommendation has the potential to
improve bacteriological confirmation of TB in children, and is increasingly being adopted by national TB
programs, for example, Ethiopia[6]. However, to make the test fit for use at the PHC level, a simple, non-
hazardous, and cheap method to process stool for Xpert testing was needed. Several centrifuge-free
methods have been proposed,[7-10] but all need additional equipment and/or consumables which may not
be (easily) available in peripheral lower-level public health laboratories. Therefore, we developed a
simple one-step (SOS) stool processing method for Xpert testing. This method can be applied in any
laboratory with an Xpert machine, as it does not require additional equipment or consumables than those
delivered routinely with the Xpert cartridges.[11] Limited preliminary data suggest that Xpert Ultra on
stool samples processed using the SOS stool method has higher sensitivity compared to other stool
processing methods. Available systematic reviews on the diagnostic accuracy of stool testing have
reported sensitivity of 50-67% [3, 4, 12]. The variation in sensitivity estimates may be explained by a
variation in studies included, and thus, variation in study populations, stool processing methods, and
reference standards (sputum culture[4, 12] or a combination of sputum culture and sputum Xpert[3])
included in each review. This method has the potential to significantly impact the number of children
receiving a bacteriological confirmation of TB, including rifampicin resistance profile. Consequently,
more paediatric TB patients can be diagnosed at lower levels of the healthcare system, with a reduced
time to diagnosis because no referrals are needed to higher levels of healthcare as well as reduced costs
for both the healthcare system and families.

However, evidence on the impact and cost-effectiveness of the SOS Xpert stool processing method is
needed to inform implementation and scale-up in routine healthcare systems. Therefore, we modelled the
potential impact and cost-effectiveness of bringing this test to the lower healthcare level where children
present first, focusing on Ethiopia and Indonesia. Specifically, we aimed to estimate the impact of
implementing the Xpert stool test for the diagnosis of pulmonary TB among children at the PHC level on
rates of bacteriological confirmation of TB and mortality among children, the costs to the healthcare
provider, and the incremental cost-effectiveness of the approach. Ethiopia and Indonesia are currently
among the 30 high TB burden countries in the world[13]. The incidence of TB was estimated to be 301
(276-328) per 100,000 population with 824 000 (755 000-897 000) people falling ill with TB in 2020 in
Indonesia. In Ethiopia, the incidence of TB was estimated to be 132 (92-178) per 100,000 population with
151 000 (106 000-205 000) people falling ill with TB in 2020. While TB diagnosis and treatment in
Ethiopia largely occur in the public sector, the private sector plays a substantial role in Indonesia.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Aq paroalold 1senb Aq 20z ‘6T Idy uo /wod'wg uadolwg//:dny woij papeojumod 220z AINC T U0 88£8S50-TZ0z-uadolwag/9eTT 0T S paysignd 1sui :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

\S]

O 0 3 N L W

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

BMJ Open

Methods

Conceptual approach

We developed a conceptual model of care pathways for children (age <15 years) with presumptive TB
presenting at either PHC facilities or hospitals, referral (including self-referral) between these levels, and
clinical and bacteriological assessment and re-assessment (see Figure 1). This description of stages in
patient care was based on national guidelines and local knowledge, and were broad enough to capture
pathways in both Ethiopia and Indonesia, and incorporate the SOC as well as the intervention.

We defined presumptive TB patients, following clinical guidelines in both settings, as children with signs
or symptoms suggestive of pulmonary TB (at least one) such as persistent cough, unexplained fever
and/or night sweats, poor weight gain or weight loss, reduced playfulness or malaise, history of contact
with a TB patient, or enlarged lymph nodes in the neck (only Ethiopia).

Under the SOC, national guidelines in both countries recommend the usage of GeneXpert[6, 14].
However, in both countries, sputum smear microscopy is allowed for diagnosis if the PHC has no access
to GeneXpert. Despite this recommendation, in both countries, most PHC units do not have access to a
GeneXpert machine, and therefore use sputum smear microscopy for the diagnosis of paediatric TB. For
diagnosis of paediatric TB, in the primary (base-case) analyses, we assumed that sputum-smear
microscopy was the bacteriological test used at PHC in SOC in both Ethiopia and Indonesia. As
sensitivity analyses, we considered alternate scenarios with Xpert used for bacteriological testing for
sputum in SOC.

The intervention was modelled as implementing the simple stool Xpert testing method at PHC and
hospital level. Thus, considering spontaneous sputum expectoration to be limiting in obtaining a test
result under SOC, we conceptualized the intervention as increasing the fraction of children with a
bacteriological test result at both the primary and higher healthcare level.

We assumed that children with a negative bacteriological test under the intervention would receive
clinical assessments for TB while only a small proportion would get clinical assessments under SOC. A
clinical diagnosis can be made based on TB-suggestive signs or symptoms, X-ray results, and tuberculin
skin test (Indonesia only) or contact history with a TB patient. Indonesian referral centres that do not have
access to X-ray and/or tuberculosis TB skin tests use a score chart for clinical diagnosis.

Systematic review data on the sensitivity of stool-based diagnostics for identifying TB in children,
indicate sensitivity of 50-67% [3, 4, 12] in children with bacteriologically confirmed TB, but very poor
sensitivity (2-6%) in clinically diagnosed TB.[3, 4] We therefore assumed that stool testing would only
detect a proportion of those children who would be bacteriologically positive under ideal circumstances.
The accuracy of Xpert testing on stool using the SOS method was modelled based on a systematic
review[4] which reported pooled sensitivity and specificity of stool Xpert of 57.1% (95% CI 51.5-62.7%)
and 98.1% (CI 97.5-98.6%), respectively, compared to culture on a respiratory sample as the reference
standard. The intervention was to reduce mortality through higher sensitivity for detecting TB, and to
reduce referrals and re-assessments.
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Modelling approach

The pathway of care shown in Figure 1 was coded into a decision tree using the HEdtree package in
R.[15, 16] Referral endpoints from PHC level were modelled by adding an identical hospital care
pathway to follow the three paths for referral from PHC level. All care outcomes were extended to either
death or survival. The probability of children following different pathways through the tree was assumed
to depend on: true TB status and age (0-4 years or 5-14 years). Mortality risk from TB by age group and
anti-TB treatment (ATT) status was modelled using a published approach,[17] using case-fatality ratios
(CFRs) based on systematic review data.[18] We neglected mortality in children who were truly negative
for TB. We did not model drug-resistant TB or HIV status.

All parameters in the model were treated as uncertain and following specified distributions. All results
were based on applying the model to calculate mean outcomes from the tree for each of 10,000 samples
from these parameter distributions.

Literature review and parameterization

To inform the parameters needed in the decision tree model (Figure 1, parameters noted as such in

Table 1), we followed a three-step data collection process. Firstly, we reviewed data from ongoing studies
in Ethiopia[11] and Indonesia (Kaswandani N, Tiemersma EW, Janiar H, et al. Xpert MTB/RIF testing on
stools using simple pre-processing methods to diagnose childhood pulmonary tuberculosis in Indonesia.
2019). Secondly, we systematically searched peer-reviewed literature for parameters not available from
country study data. In brief, initially, systematic reviews on TB in children were sought by a search of
PubMed including the terms “systematic review”, “meta-analysis”, “tuberculosis” and “children” on 19
June 2020. Subsequently, we constructed pooled estimates from primary literature, published from 2010
— present, about TB diagnostic testing in infants and children, including health care seeking and health
care cascade with a focus on Ethiopia and Indonesia. For this, a systematic search strategy was developed
by an information specialist combining free-text and thesaurus searching. Except for searches specifically
addressing Indonesia/Ethiopia, we excluded case reports, non-English and non-human studies, and papers
with terms for BCG, latent tuberculosis, IGRA and tuberculin skin test in titles because of their relevance
to TB infection, not active pulmonary TB. Searches were conducted between 19 and 26 October 2020.
Finally, to inform remaining parameters, we sought opinion from TB experts from each country (authors
AB and MG for Ethiopia and NK and RT for Indonesia) in an iterative process using a questionnaire, and
remote workshops to explain the model and focus on parameters identified as influential by one-way
sensitivity analysis. More details are provided in Appendix 1 (Literature search) and Appendix 2a (Model
parameter estimation).

Cost parameters and health economic approach

We collected costs (reported in 2019 USD) from the healthcare provider’s perspective and adjusted
historical costs for inflation to 2019 prices using relevant GDP deflators.[19] We transferred costs from
other countries to Ethiopia and Indonesia by applying relevant purchasing power parity conversion
factors.[20] All costs were assumed to accrue in the present, with no discounting applied.
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We assumed the cost for the initial TB assessment at the PHC was equivalent to the country-specific cost
of two outpatient visits (or a single outpatient visit for re-assessment) to a health centre (health centre
with no beds from WHO-CHOICE estimates[21]). Similar assumptions were used for hospital assessment
and re-assessment with the corresponding WHO-CHOICE cost estimates.[21] The cost of bacteriological
investigation in the SOC includes the country specific unit cost of either sputum smear microscopy
(SSM)[22, 23] or Xpert, depending on availability at each level of care, adding the unit costs for
collecting two sputum samples for testing with SSM or one sample for testing with Xpert. The unit costs
for Xpert were estimated based on country specific data available from the OneHealth Tool (see
Appendix 2b).[24] Country-specific unit costs for collecting sputum samples were not available and are
based on a study done in adults from South Africa.[25] In the intervention, we applied the unit cost for
collecting a single stool sample based on estimates provided by the Paediatric Operational Sustainability
Expertise Exchange group.[26] Treatment cost for diagnosed TB comprises the cost of anti-tuberculosis
drugs (including pyridoxine), from the Global Drug Facility,[27] the costs of follow-up visits (drug
pickups or medical review) according to national TB treatment guidelines at the healthcare facilities based
on WHO-CHOICE unit cost estimates, and the costs of laboratory monitoring in bacteriologically
confirmed TB only (see Appendix 2b (Overview of cost parameters)).

We used a disability-adjusted life-year (DALY) framework, calculating the life-years saved over a life-
time horizon with a discount rate of 3% based on United Nations Population Division country-specific
life tables. A simple mean across ages included in the 0-4 and 5-14 year age groups was used, and
decrements in health-related quality of life or subsequent survival were not modelled.

Metrics calculated

For every 100 children seeking care with presumptive TB in each country, we calculated the deaths,
DALYs, costs, referrals, clinical assessments, bacteriological assessments, ATTs, percent of true TB
receiving ATT, percent of those receiving ATT bacteriologically confirmed, percent of those receiving
ATT initiated at PHC, percent of ATT that is false-positive, as well as the change in these quantities
under the intervention. We report the incremental cost-effectiveness ratio (ICER). For each country, we
produced plots of the cost-effectiveness plane, cost-effectiveness acceptability curve, and expected net
benefit, and tornado plots illustrating the one-way sensitivity of outcomes to influential model parameters.
We also undertook specific scenario analyses: 1) we considered a low TB prevalence scenario (half the
base-case prevalence among presumptive TB patients); 2) we considered Xpert as the universally
available bacteriological test instead of sputum-smear microscopy in SOC; 3) we considered discount
rates of 0% and 5% for the life years. The results of these sensitivity analyses are included in Appendix 3
(Additional results). Results are presented following the Consolidated Health Economic Evaluation
Reporting Standards Statement (Appendix 4).

Patient and Public Involvement

Study participants or the public were not involved in the design, or conduct, or reporting, or dissemination
plans of our research.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 107

ybuAdoo Aq paroalold 1senb Aq 20z ‘6T Idy uo /wod'wg uadolwg//:dny woij papeojumod 220z AINC T U0 88£8S50-TZ0z-uadolwag/9eTT 0T S paysignd 1sui :uado CING


http://bmjopen.bmj.com/

Page 9 of 107

oNOYTULT D WN =

0NN L AW

11
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36

37
38
39
40

BMJ Open

Research ethics statement

Not applicable. This was a modelling study based on secondary data.

Results

Following our review of the literature, we developed the model parametrization shown in Table 1. The
data sources and approach to synthesis for each parameter are described in detail respectively in
Appendix 1 and Appendix 2a. Country-specific data was used to inform the proportion of children
submitting a spontaneously expectorated sputum sample, the fraction of presumptive TB in children under
5 years, and the level of initial care-seeking at PHC. We used existing systematic reviews for the basis of
parameters describing diagnostic test accuracy, our own pooled estimates of true TB prevalence among
presumptive TB, the fraction of TB that is bacteriological confirmable, and the fraction of children able to
spontaneously expectorate. Evidence for the accuracy of clinical diagnosis was limited, and published
evidence was completely lacking for other parameters around referral and re-assessment. Hence, we
based these on expert opinion. Unit costs used in the analysis are shown in Table 2.

The intervention increased the sensitivity to detect true TB by over 10 percentage points in each country
and resulted in around a 4-fold increase in the proportion of TB patients diagnosed that are
bacteriologically confirmed. Specificity showed little change under the intervention (<1% change). In
both countries, the proportion of children referred (or self-referred) to higher levels of care after seeking
care at PHC level fell by more than 2-fold. In both countries, the average total number of assessments for
children with presumptive TB increased from around 2 under SOC to around 2.5 per child with the
intervention, and the total number of bacteriological investigations increased more than 3-fold (Table 3).

The relative number of children initiated on ATT increased by 19-25% under the intervention. A larger
fraction (~40% relative increase) of children received ATT with the intervention, and more children
(~10% point increase) initiated ATT at PHC level (Table 3). Restricting to children under 5, we found
bigger increases in the number of bacteriological investigations (+30-fold), and the proportion of TB
cases diagnosed that are bacteriologically confirmed (+50%). We also found a larger reduction in referrals
of children with presumptive TB to higher levels of care in both countries (almost 3-fold). (see Appendix
3 (Additional results).

In both countries, the increase in sensitivity of a TB diagnosis under the intervention generated a
corresponding reduction in mortality: a 14%-20% relative reduction in the fraction of children with
presumptive TB dying (Table 3). In both countries, costs increased under the intervention, and the base-
case (using smear microscopy in the SOC) ICERs were $132/DALY averted in Ethiopia and $94/DALY
averted in Indonesia (Figure 2). Restricting the analysis to children under 5 resulted in cost-savings with
ICERs of -§78/DALY averted in Ethiopia and increased the ICER to $209/DALY averted in Indonesia.

Uncertainty and sensitivity analyses

Model projections showed large uncertainty (Figure 2) that included cost savings under intervention (25%
of the runs for Ethiopia and 28% for Indonesia), but also some increases in mortality (1.2% of the runs for
Ethiopia and 2.8% for Indonesia). At a cost-effectiveness threshold of 0.5xGDP our analysis projected a
87% probability of being cost effective in Ethiopia and a 96% probability of being cost-effective in
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Indonesia (see Appendix 3). The corresponding probabilities for a 1xGDP threshold were 95% (Ethiopia)
and 97% (Indonesia). Tornado plots (Figure 3) show that prevalence of true TB among presumptive TB,
the sensitivity of stool, and the fraction of children able to expectorate were the largest drivers of
uncertainty (see also Appendix 3).

Under the assumption that Xpert was used in the SOC, the ICERs were $138/DALY averted in Ethiopia
and $115/DALY averted in Indonesia. Assuming half the prevalence of true TB among presumptive TB
patients changed the ICERs to $178/DALY averted in Ethiopia and $150/DALY averted in Indonesia.
Finally, assuming a 0% discount rate changed the ICERs to $55/DALY averted in Ethiopia and
$38/DALY averted in Indonesia, whereas 5% discount rate generated ICERs of $199/DALY averted in
Ethiopia and $142/DALY averted in Indonesia.

Discussion

In this modelling analysis, we found that the introduction of routine Xpert stool-based diagnostics (using
the SOS method) was cost-effective in both Ethiopia and Indonesia. In the context of predominantly
clinical diagnosis of TB in children, particularly among those aged <5 years, we found a 14-20% relative
reduction in mortality driven by an increase in sensitivity to detect true TB. However, it is crucial that
clinical assessment is still undertaken alongside negative bacteriological test results because
bacteriological testing has a low negative predictive value especially in young children.[3, 4] Relying on
bacteriological testing alone can reduce sensitivity to diagnose true TB and increase mortality, especially
if referrals and re-assessments are common under the standard of care (data not shown). We estimated
ICERs of $132 and $94 per DALY averted in the base-case analyses for Ethiopia and Indonesia,
respectively. These ICERs are less than 0.5 x GDP, which has been suggested as a rule of thumb for cost-
effectiveness thresholds,[28] as well as country-specific estimates of supply-side thresholds.[29, 30] The
intervention would be especially cost-effective for children under 5 years of age.

Children age <5 years are at higher risk of dying from untreated TB than older children and have the
greatest difficulty in spontaneously expectorating sputum. Under the intervention, we found greater
increases in bacteriologically diagnosis and greater decreases in referrals in the <5 year age group (see
age stratified results in Appendix 3). We found that the cost of introducing the intervention was partially
offset by reduced referrals from PHC facilities to hospitals. In Ethiopia, this produced a projected cost
saving in the under 5 age group, despite a slight increase in the average total number of assessments done.
In taking a healthcare provider’s perspective, we did not include patient costs in our analysis, but health-
seeking costs are a major driver of catastrophic costs in TB.[31]

There are large uncertainties associated with many parameters describing processes and pathways for
paediatric TB. We found no directly applicable estimates of rates of reassessments or (self)referral at
different stages of care, and had to rely on expert opinion. Additionally, the sensitivity and specificity of
clinical assessment for paediatric TB is poorly quantified in the literature. Because of this, we placed a
particular emphasis on including uncertainty in results, as well as systematically exploring their
sensitivity to one-way variation in parameters, and discrete alternative assumptions. For example, because
our estimate of true TB prevalence among children with presumptive TB was based on data mainly from
hospitals which may have higher prevalence than PHC level, we halved prevalence resulting in increased

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 107

ybuAdoo Aq paroalold 1senb Aq 20z ‘6T Idy uo /wod'wg uadolwg//:dny woij papeojumod 220z AINC T U0 88£8S50-TZ0z-uadolwag/9eTT 0T S paysignd 1sui :uado CING


http://bmjopen.bmj.com/

Page 11 of 107

oNOYTULT D WN =

AW N -

O 0 3 O\ W

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

44

BMJ Open

ICERs by less than a factor of two without changing our qualitative conclusions. Despite these
uncertainties, the intervention showed probabilities of being cost-effective > 85% in each country across a
wide range of cost-effectiveness thresholds. This conclusion was also robust to assuming the SOC used
Xpert rather than sputum-smear microscopy at PHC level, and to different choices of discount rate.

Some aspects were deliberately simplified or omitted in the modelling. First, we did not model HIV
because paediatric HIV rates in Ethiopia and Indonesia are relatively low at 0.09% and 0.03%,[32]
respectively. This may underestimate the benefit from the intervention due to underestimated TB
mortality, especially if stool-based methods are more effective at diagnosing TB in children with HIV
compared to sputum. Secondly, we did not model drug-resistant TB because of low rates of multidrug-
resistant (MDR) TB among new TB cases (all ages) in Ethiopia (1.02% (0.49 - 1.54%)) and Indonesia
(2.4% (1.8-3.3%)). This may underestimate the intervention costs since the higher fractions of cases
bacteriologically confirmed via Xpert MTB/Rif mean that more MDR TB will be diagnosed and require
more costly second-line treatment. Thirdly, we did not consider the private sector, which in Indonesia is
substantial, and less likely to closely follow guidelines. Our intervention is conceived as being
implemented in the public sector, but patients seeking care across both sectors may mean we overestimate
the savings to the (public) health system from reduced referrals. Fourthly, for pragmatic reasons, country-
specific primary cost analyses were not performed and additional one-off programmatic costs for widely
introducing Xpert stool testing, such as costs for training and supervision, were not included in our
analyses. Both countries are moving to fully replacing sputum smear microscopy by Xpert testing as the
primary diagnostic for TB in all patient groups. This may increase logistical issues in both countries
which need to be dealt with, such as cartridge shelf life (which is shorter for the Ultra than the G4
cartridge) and module maintenance. Lastly, we modelled the impact of making a stool Xpert-based
diagnosis available at the PHC level. The analysis also assumes that all PHC facilities have access to a
GeneXpert machine, either on-site or through an effective sample transportation system. Thus, until full
access to Xpert testing is available, the coverage of the intervention will be limited.

Furthermore, due to the lack of data from randomized controlled trials and operational studies, we were
reliant on early experience to determine acceptability and feasibility of stool-based sampling and
diagnostics. Hence, difficulties in implementation that dilute effects or increase costs may be overlooked.
However, the recent recommendation to use stool as a primary sample for diagnosing childhood TB[5]
has generated interest in Xpert stool testing at national TB programs. Although we used an illustrative
high acceptability rate for stool, this is supported by early experience from the two countries and recently
published evidence[11, 33]. Apart from the SOS stool method, two other centrifuge-free stool processing
methods are being developed,[9, 10] which are included in a head-to-head comparison study to compare
their performance in diagnosing childhood TB against sputum or gastric aspirate culture. This project has
a health economic component, estimating cost-effectiveness of the best performing method. Results of
this project are expected at the end of 2021. The TB Speed decentralization operational research study
will report results from use of Xpert on nasopharyngeal aspirate and stool samples at PHC level in early
2022. A small study comparing the SOS stool method to the stool processing kit involved in the head-to-
head comparison study[10] concluded that taking into account the sample processing time, consumable
requirements and error rates, the SOS stool method would be the method that would be best scalable in
low and middle income countries.[34]
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Additional evidence from studies and implementation is needed to inform the optimal use of new sample
and diagnostic approaches for paediatric TB within real health systems. Studies to quantify referral
patterns, the pathways and outcomes of individual patients, and the costs of real-world implementation
would be particularly valuable. Further analyses could include context-specific operational research to
help design referral systems that best utilize Xpert machines and minimize cartridge expiry, as well as
budget impact analyses to help national programmes plan roll-out and seek funding. Clinical diagnosis
remains an important tool for children with TB; helping clinicians diagnose TB in children without
bacteriological results or with negative results should be part of intervention design and the role of
clinical diagnosis in current and novel diagnostic pathways a topic for further research. The importance of
clinical TB diagnosis for children limits the potential impact of bacteriological diagnostics.

Conclusion

In this modelling analysis, we projected that introduction of routine stool-based Xpert diagnostics at
primary health care and hospital level would increase the proportion of bacteriologically confirmed TB in
children, while reducing child mortality and life-years lost in both Ethiopia and Indonesia. Our analysis
suggests that this intervention would be cost-effective in both countries.
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Figures legends

Figure 1. Simplified diagram of decision-analytic model showing the pathways of care for TB diagnosis
and treatment. The decision tree shows children with presumptive TB presenting at either PHC facilities
or hospitals where they undergo clinical evaluation with or without bacteriological testing. All children
diagnosed with TB are considered for anti-tuberculosis treatment. Children with a negative
bacteriological test or those not initially diagnosed with TB after clinical assessment only can be
reassessed clinically. Coloured boxes depict the potential of referral to a higher-level facility and referrals
(indicated by grey lines) from PHC to hospital for further assessment can occur for children without a
diagnosis of TB. Each pathway extends to death or survival, however, these details are omitted here to
keep the diagram simple. See Appendix 2a for more details on the pathway and parametrization of the
model.

MTB: Mycobacterium tuberculosis; TB: tuberculosis; TB Tx: TB diagnosis and anti-TB treatment; PHC;
primary health care.

Figure 2. Cost-effectiveness plane showing the differences in costs (y-axis) and disability-adjusted life-
years (DALYs, x-axis) of using the SOS stool method for diagnosis of paediatric TB in Ethiopia (left) and
Indonesia (right), compared to standard of care from 10 000 simulations. The red dot represents the mean
incremental costs and DALYs.

ICER: incremental cost-effectiveness ratio; k: cost-effectiveness threshold, SoC: Standard of Care.

Figure 3. Tornado plots showing one-way sensitivity of incremental deaths (top row) and incremental
costs (bottom row) to parameters for Ethiopia (left) and Indonesia (right). spont.sputoS: spontaneous
sputum possible (5-14 years), p_truetb: prevalence of true TB in presumptive, rl: referral from PHC to
Hospital after clinical re-assessment following bacteriological negative result, 12: referral from PHC to
Hospital after initial clinical assessment without bacteriological test result, fracu5: fraction of presumptive
TB under 5, c_f.phc: cost of TB treatment at PHC after clinical re-assessment, ¢_d.phc: cost of TB
treatment at PHC after initial clinical assessment, ¢_a.phc: cost of clinical and bacteriological TB
assessment at PHC, c¢_clin.h: cost of clinical TB assessment at Hospital, ¢_clin.phc: cost of clinical TB
assessment at PHC (Only top 3 parameters on each plot defined here. Please refer to Appendix 2a, and
Appendix 2b, for the rest of the parameter definitions).

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 107

ybuAdoo Aq paroalold 1senb Aq 20z ‘6T Idy uo /wod'wg uadolwg//:dny woij papeojumod 220z AINC T U0 88£8S50-TZ0z-uadolwag/9eTT 0T S paysignd 1sui :uado CING


h#figur_OWSA
http://bmjopen.bmj.com/

Page 17 of 107

oNOYTULT D WN =

Tables

BMJ Open

uo 88£8G0-T20Z-uadolwqg/9sTT (

Table 1 Table of parameters used in modelling and underlying evidence. More details on parameter distributions, pararteter naming, and methods

are available in Appendix 2a. C+: culture positive, CFR: case fatality rate, PHC: primary health care, PTLTFU: pre-treftment lost to follow-up,

SM: smear microscopy.
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o
N
N
DESCRIPTION SOURCE REFERENCES 1~ Mean (IQR)
=
sensitivity of Xpert on stool in bacteriologically positive children existing review Mesman 2019[4] % 0.571 (0.515 - 0.627)
o
specificity of Xpert on stool in bacteriologically positive children existing review Mesman 2019[4] % 0.981 (0.975 - 0.986)
o
sensitivity of Xpert on sputum in C+ existing review Detjen 2015[35] i 0.621 (0.582 - 0.659)
specificity of Xpert on sputum in C+ existing review Detjen 2015[35] _i 0.980 (0.977 - 0.984)
=2
3
sensitivity of SM on sputum in C+ existing review Detjen 2015[35] g' 0.257 (0.215 - 0.302)
[0}
specificity of SM on sputum in C+ existing review Detjen 2015[35] ;; 0.995 (0.994 - 0.997)
spontaneous sputum possible (0-4 years) our review see Appendix 2a § 0.024 (0.020 - 0.027)
spontaneous sputum possible (5-14 years) our review see Appendix 2a S10.377 (0.254 - 0.512)
>
fraction of children bacteriologically confirmable <5 years our review see Appendix 2a E 0.380 (0.363 - 0.397)
©
fraction of children bacteriologically confirmable 5-14 years our review see Appendix 2a ﬁ 0.684 (0.659 - 0.711)
N
prevalence of true TB in presumptive our review see Appendix 2a ;— 0.453 (0.289 - 0.607)
Marais 2006 (see €10.928 (0.908 - 0.945)
specificity of clinical diagnosis < 5 years our review Appendix 2a) &
Y -
sensitivity of clinical diagnosis < 5 years our review Marais 2006[36] § 0.518 (0.482 - 0.554)
®
specificity of clinical diagnosis 5-14 years our review Marais 2006[36] ® 0-901 (0.878 - 0.921)
(=3
sensitivity of clinical diagnosis 5-14 years our review Marais 2006[36] E 0.627 (0.592 - 0.661)
2
2
=

16


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open
proportion of first care-seeking at PHC for Ethiopia our review Fekadu et al, 2017[37] 0.896 (0.777 - 0.973)
proportion of first care-seeking at PHC for Indonesia our review Surya et al, 2017[38] 0.928 (0.801 - 0.992)

fraction of presumptive TB under 5 years Ethiopia

routine data

fraction of WHO TB <

0.371 (0.300 - 0.447)

fraction of presumptive TB under 5 years Indonesia

routine data

fraction of WHO TB <

0.514 (0.485 - 0.543)

referral PHC -> Hospital after clinical re-assessment following

bacteriological negative result Ethiopia expert opinion see Appendix 2a 0.045 (0.019 - 0.088)
referral PHC -> Hospital after clinical re-assessment following o

bacteriological negative result Indonesia expert opinion see Appendix 2a 0.200 (0.107 - 0.272)
referral PHC -> Hospital after initial clinical assessment without o

bacteriological test result Ethiopia expert opinion see Appendix 2a 0.800 (0.728 - 0.899)
referral PHC -> Hospital after initial clinical assessment without o

bacteriological test result Indonesia expert opinion see Appendix 2a 0.500(0.391 - 0.607)

clinical re-assessment, PHC Ethiopia

expert opinion

see Appendix 2a

0.045 (0.019 - 0.088)

clinical re-assessment, PHC Indonesia expert opinion see Appendix 2a 0.045 (0.019 - 0.088)
proportion of bacteriologically confirmed children initiating anti-TB

treatment, PHC assumption 0.953 (0.937 - 0.966)
proportion of bacteriologically confirmed children initiating anti-TB

treatment, Hospital assumption 0.953 (0.937 - 0.966)
clinical re-assessment after bacteriologically negative, PHC assumption 0.045 (0.019 - 0.088)
clinical re-assessment after bacteriologically negative, Hospital assumption 0.045 (0.019 - 0.088)
clinical re-assessment, Hospital assumption 0.045 (0.019 - 0.088)
referral PHC -> Hospital after clinical re-assessment without

bacteriological test result assumption 0.500(0.391 - 0.607)

CFR children <5 years on TB treatment existing review Jenkins et al 2017[18] 0.019 (0.012 - 0.029)
CFR children 5-14 years on TB treatment existing review Jenkins et al 2017[18] 0.008 (0.006 - 0.011)
CFR children <5 years without TB treatment existing review Jenkins et al 2017[18] 0.436 (0.413 - 0.460)
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CFR children 5-14 years without TB treatment

existing review

Jenkins et al 2017[18]

0.149 (0.137 - 0.162)
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Table 2 Unit costs for different activities. See Appendix 2b for methods and naming conventions

BMJ Open

Unit cost, US$ (SD)
Cost description Ethiopia Indonesia
TB assessment at health centre 10.22 (5.29) 43.35 (24.24)
TB reassessment at health centre 5.11(2.25) 21.68 (10.52)
Self-expectorated sputum sample 2.32 (0.58) 1.74 (0.43)
Stool sample 1.67 (0.42) 1.67 (0.42)
Sputum smear microscopy examination |3.39 (1.44) 7.54 (1.58)
GeneXpert test 26.04 (7.09) 23.70 (7.11)
TB treatment at health centre 398.74 (177.22) 161.03 (78.59)
TB assessment at hospital 14.37 (6.59) 61.00 (30.23)
TB reassessment at health centre 5.11 (2.25) 21.68 (10.52)

TB treatment at hospital

548.46 (208.38)

213.98 (91.47)
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Table 3 Outcomes per 100 children seeking care (*asterisk indicates different denominators) under

standard of care (SOC) and intervention (INT) in each country. Quoted as Mean (95% quantiles). ®anti-
TB treatments (ATT) represent the number of children diagnosed with TB who initiate treatment out of
100 children with presumptive TB. TB: tuberculosis; ATT: anti-TB treatment; PHC: primary health care;
USD: United States Dollars

Ethiopia Indonesia
Quantity per 100
children with
presumptive TB | Standard of Standard of
(unless stated): care Intervention | Difference care Intervention | Difference

children with true  |45.5 (8.7 - 45.5 (8.7 - 45.5 (8.7 - 45.5 (8.7 -
TB 85.0) 85.0) 0.0 (0.0-0.0) [85.0) 85.0) 0.0 (0.0 -0.0)

201.8 (171.8 - |246.2 (207.3 - [44.4 (29.5- |204.2 (173.4- (2499 (211.2- |45.7(31.9 -
assessments 230.9) 283.3) 58.1) 233.5) 286.5) 58.0)
bacteriological 30.7 (8.7 - 102.3 (86.8 - |71.7(41.5- [24.7(7.8 - 103.0 (87.5- |78.2(54.5 -
investigations 57.5) 112.0) 96.3) 43.2) 112.6) 98.4)
%anti-TB treatments |32.2 (13.2- [40.3 (17.6- |[8.1(0.6- 333(14.1- [395(17.1- [6.2(0.1-
(ATT) 54.5) 64.4) 20.3) 55.3) 63.3) 15.2)
*ATT initiated at 71.8(62.3- |81.9(71.6- 10.1 (5.8 - 73.0(63.2- [84.4(73.2- 11.3(7.1-
PHC 79.6) 89.5) 14.2) 80.3) 91.2) 15.4)
* percent of true TB [58.3 (43.0- |73.0 (66.7 - 14.7 (2.8 - 60.3(48.2- [71.8(65.9 - 11.5(1.8 -
receiving ATT 71.1) 78.8) 30.5) 71.4) 77.3) 23.1)
*percent of ATT
bacteriologically 8.0 (1.7 - 32.8(20.7- |24.8(10.6- ([59(1.4- 32.5(209- [26.6(14.9 -
confirmed 19.8) 44.1) 37.8) 12.9) 43.4) 38.2)
*percent of ATT 219 (2.8 - 21.9(2.9- 22.0 (2.8 - 21.8(2.9- -0.3(-3.5-
false-positive 64.6) 64.9) 0.0 (-3.0-4.0)[65.1) 64.6) 3.5)
referrals, inc. self- |29.5 (17.0 - 13.8 (8.0 - -15.6 (-25.8 - -[33.0 (21.5 - 14.5 (8.6 - -18.4 (-27.6 - -
referrals 42.9) 21.0) 4.9) 45.5) 21.7) 9.6)

4.9 (0.9 - -1.0(-2.8-- [54(1.0- -0.8 (2.2 -
deaths 10.0) 3.9(0.7-8.3) |0.1) 10.9) 4.7(0.9-9.3) 10.0)

135.7 (25.1 - |[108.7 (19.7- |-27.0 (-75.9 --[154.8 (29.3 - |[133.1 (24.7- |-21.7 (-61.7 -
life-years lost 276.9) 228.5) 1.6) 310.1) 264.6) 0.2)

15729.4 19297.7 3568.3 (- 12508.1 14525.7 2017.6 (-

(6368.3 - (8413.8 - 8472.2 - (7056.4 - (8603.6 - 5421.3 -
cost 31027.5) 35444.7) 16311.6) 20279.0) 22403.0) 9470.6)
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Xpert Ultra stool testing to diagnose tuberculosis in children in Ethiopia
and Indonesia: a model-based cost-effectiveness analysis.

APPENDIX 1: Literature search

To inform the model parameters presented in Appendix 2a, we extracted data from systematic reviews
and from papers identified through an extensive targeted systematic literature search. This information
was supplemented with information from papers identified from the authors’ personal databases where
relevant.

Data collection from published peer-reviewed systematic-reviews
We identified relevant systematic reviews and meta-analyses on TB in children in PubMed
(www.pubmed.ncbi.nlm.nih.gov). Search details are provided in Box Al.1.

Box Al. Search strategy for systematic reviews

Searched in Pubmed for “systematic review meta-analysis tuberculosis children”, which is interpreted by
the search engine as:

(("systematic review"[Publication Type] OR "systematic reviews as topic"[MeSH Terms]) OR
""systematic review"[All Fields]) AND (("meta-analysis"[Publication Type] OR "meta-analysis as
topic"[MeSH Terms]) OR "meta-analysis"[All Fields]) AND (((("tuberculosi"[All Fields] OR
"tuberculosis"[MeSH Terms]) OR "tuberculosis"[All Fields]) OR "tuberculoses"[All Fields]) OR
"tuberculosis s"[All Fields]) AND (((((("child"[MeSH Terms] OR "child"[All Fields]) OR "children"[All
Fields]) OR "child s"[All Fields]) OR "children s"[All Fields]) OR "childrens"[All Fields]) OR
"childs"[All Fields])

Search date: 19 June 2020.

Of the 150 systematic reviews identified (of which one was a duplicate paper), 23 were judged relevant
for full-text review (Figure Al.1). Of the 22 papers reviewed in full-text, four papers contained
information about the accuracy of relevant microbiological tests for TB (1-4). However, one of these did
not present meta-analytical estimates of the sensitivity and specificity of the test (Xpert Ultra, in this
paper) for children (4). Two other papers presented data on the same subject and included roughly the
same original work (2, 3), while for one of these, the pooled estimates presented were difficult to interpret
as no comparison against culture or Xpert only was included (3). Thus, two papers provided relevant data
for extraction (Figure 1): Detjen et al. (1) reported meta-analytic estimates of the sensitivity and
specificity of sputum smear microscopy and Xpert on sputum, gastric lavage and nasopharyngeal
aspirates (here summarized as ‘respiratory samples’) against culture of a respiratory sample. Mesman and
colleagues (3) presented meta-analytic estimates of the sensitivity and specificity of Xpert stool testing
against different reference standards (culture or Xpert on a respiratory sample, bacteriologically
confirmed TB, and clinically diagnosed unconfirmed TB).
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Systematic reviews from Pubmed
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\b 1 duplicate reference
removed
Excluded after review of abstract
n=126
t (pri ily) about TB: n=35
not (primarily) abou n - ‘
not about (pulmonary) TB disease: n=30
not about (pre-)diagnosis pathway: n=50
does not include routine diagnostic test: n=10
contains no data: n=1
h 4
Selected for full text review
n=23
\* Full text not available
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Excluded after full text reading:
n=20
no data available for extraction: n=12 4
no relevant diagnostic tests included: n=6
no meta-analytical estimates available for children: n=1
issues with reference standards/data: n=1
h 4
Data extraction
n=2

Figure Al. Prisma flow diagram for a search including published peer-reviewed systematic reviews and
meta-analysis summarizing literature on TB in children.

Data collection from published peer-reviewed original papers

Next, we conducted a literature search to identify studies about TB diagnostic testing in infants and
children, including health care seeking and health care cascade, with a focus on Ethiopia and Indonesia. A
systematic search strategy was developed with assistance of an academic librarian from the University of
Sheffield. The search strategy used a combination of free-text and thesaurus searching (where available)
as outlined in Table Al. Papers with terms for Bacillus Calmette Guérin (BCG), latent tuberculosis,
interferon-gamma release assay (IGRA) and tuberculin skin test in titles were excluded from the search as
they are relevant to TB infection, but not to active pulmonary TB and were therefore deemed to retrieve
irrelevant results. Case reports were excluded as these do not provide generalizable data. The searches
were limited to English Language and Human studies published from 2010 - present where databases
allowed, except for searches specifically addressing Indonesia/Ethiopia to which no such limits were
applied (Table Al). Searches were conducted between 19 and 26 October 2020. Further details of the
search strategy are provided in Box Al.2.
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Table Al. Overview of search terms used for searching peer-reviewed original papers.

Exploded MeSH/lookup Occurring in title Occurring in title or abstract®
term

The following were combined using ‘AND

Tuberculosis or Diagnosis tuberculosis or TB

Child or Infant child or infan?

Sputum or Feces (sputum or stool or f?eces) and (test

or sample or specimen)

test* or diagnos* or screen*

Indonesia or Ethiopia or Indonesia or Ethiopia or Africa or
Developing Countries Asia or West Indies or specific
countries®

The following were combined with the previous using ‘NOT .

case reports“ case report

bacilli Calmette-Guerin or BCG

latent tuberculosis or LTBI or Interferon
Gamma Release Assay or IGRA or
tuberculin skin test or TST

YIn the Cochrane library, key word searches were also included here for all terms, except for the regions and
countries; in Medline, this was done only for the terms child and infan; 2 In Cochrane and Science Citation Index via
Web of Science, these terms were replaced with infant*; * Specific countries included: Angola, Bangladesh, Benin,
Bolivia, Burkina Faso, Burkina Fasso, Burundi, Cambodia, Central African Republic, Chad, Congo, Cote d'lvoire,
Ivory Coast, Djibouti, Egypt, Eritrea, Gambia, Ghana, Guatemala, Guinea, India, Kenya, Korea, Lao PDR, Lesotho,
Liberia, Madagascar, Malawi, Mali, Mauritania, Mozambique, Myanmar, Myanma, Nepal, Niger, Nigeria,
Philippines, Philipines, Phillipines, Phillippines, Rwanda, Ruanda, Sao Tome, Senegal, Sri Lanka, Somalia, Sudan,
Swaziland, Tanzania, Timor-Leste, Togo, Uganda, Vietnam, Viet Nam, Zambia, Zimbabwe; searches for other
countries than Ethiopia and Indonesia were limited to English language and humans and yr="2010 -Current"; 4 Only
included if this lookup term existed for the system (see box 2 for specifications).

In total, 2,974 unique titles were available for title screening, from which 770 were selected for abstract
screening. Subsequently, we selected 260 papers for full-text review, of which, after review, data were
extracted from 73 (Figure Al.2). The extracted information from these 73 papers was reviewed by the
modeling team for its usefulness and applicability to inform the model. Finally, the extracted data for 21
papers was judged to be directly relevant to inform the model. Table A2 provides an overview of all 73
papers for which data was extracted, and specifies which papers were used to inform the model.
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e Developed in MEDLINE
studies about TB diagnostic testing in infants and children
e two sets of search results:

o Indonesia or Ethiopia

Box A2. Details of search strategy for peer-reviewed original publications

o other countries in Africa or Asia (adapting the Cochrane LMIC filter
(https://epoc.cochrane.org/Imic-filters).

for BCG, latent tuberculosis, IGRA and tuberculin skin test appearing in titles

Case reports were excluded where possible

Searches were further specified following examination of 100 references in pilot search, excluding terms

Database Date Number of References Total N
Searched | Retrieved (including retrieved
duplicates) (including
duplicates
)
Ovid MEDLINE(R) 23/10/20 Indonesia & Ethiopia =
1946 to Oct Week 3 2020 180
Other countries = 1,198
Ovid MEDLINE(R) and Epub Ahead of 23/10/20 Indonesia & Ethiopia = 97
Print, In-Process & Other Non-Indexed Other countries = 790
Citations and Daily
2016 to Oct 22, 2020*
Ovid Embase 26/10/20 Indonesia & Ethiopia = Indonesia
1974 to Oct 23, 2020** 237 &
Other countries = 1,783 Ethiopia =
Cochrane Database of Systematic Reviews | 19/10/20 Indonesia & Ethiopia = 2 537
Issue 10 of 12, Oct 2020 Other countries = 11 (plus
one protocol) Other _
Cochrane Central Register of Controlled 19/10/20 Indonesia & Ethiopia = 4 countries
Trials Other countries = 108 =4,348
Issue 10 of 12, Oct 2020
Science Citation Index via Web of Science | 26/10/20 Indonesia & Ethiopia = 17
1900-present 19/10/20 Other countries = 457
Conference Proceedings Citation Index- 26/10/20 Indonesia & Ethiopia = 1
Science (CPCI-S) via Web of Science Other countries = 2
1990-present

* English Language and Human limits removed as do not work correctly in MEDLINE In-Process; ** case report(s) not

publication type in Embase

-4
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11 Excluded after title screening
12 n=2,204

13 v

14 Abstract screening
15 n=770

16
17 Full text not available

18 Excluded after abstract screening: n=4
19 n=506

A

N
o
A

no abstract: n=17

21 does not contain parameters of interest,
P

22 or about a biased population: n=489

24 Full text review
25 n=260

27 Excluded after full text review:
28 n=188

N
\\e]
F Y

Additional reference with relevant

does not contain parameters of interest: information identified :

31 n=188 n=6

33 Data extraction
n=73

35 v

36 Included for informing
37 parameters

38 n=21

40 Figure A2. Prisma flow diagram for systematic literature review on TB diagnostic testing in infants and
41 children.
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Table A2. Overview of papers from which data was extracted in the comprehensive literature review of phase 2 (see Fiﬁure 2 for details).
o

Reference (first Country Child population Age Health care level  Data extracted Mo@i Comment (e.g., reason for
author and year of included (N) range (no. centers) pargeters  not being considered for
publication) infogmed informing model parameters)
Andriyoko, 2019 Indonesia lab-based, stool plus 0-15y  level 3 (1) % of presumptive TB cases with o unclear how study population
(5) sputum/NGA submitted confirmed TB o was composed (laboratory

for TB diagnosis (36) < study)

Ardizzoni, 2015 (6) multiple register review of 0-14y NA % of presumptive TB cases with P Indonesia nor Ethiopia
samples with Xpert confirmed TB N included; data shown on all
results (1,278) o ages but data extracted for

g children and (induced)
3 sputum/NGA only

Assefa, 2015 (7) Ethiopia household contacts of 0-5y level 1 (27) % of child population seeking care é biased population (semi-active
SS+TB patients (230) o] case finding)

Atwebembeire, Uganda lab-based, string testand NS level 3 (1) % of samples MTB-positive = No information on final TB

2016 (8) induced sputum samples % diagnosis
(88) =

Bacha, 2017 (9) Tanzania presumptive TB or 0-14y  level 2/3 (1) % of presumptive TB cases with p_tragth
referred for TB treatment confirmed, probable and possible =
(455) B 3.

Banada, 2016 (10) South Africa  consecutive confirmed 0-14y  levell (NS)and2 % of samples MTB-positive, by type 3 Only includes diagnosed TB
(20) and probable (20) (NS) of sample _‘3" patients
TB cases g

Bates, 2013 (11) Zambia primary or secondary 0-15y  level 3 (1) % of presumptive TB cases spong';'sput
admission diagnosis of submitting respiratory specimen for %

TB (930) TB diagnosis, by type of specimen S
and age group S
% of children with true TB P

van Beekhuizen, Papua New admitted for 0-16y  level 1 (1) Sensitivity and specificity of clinical = Evaluated the sensitivity and

1998* (12) Guinea malnutrition, recurrent diagnosis E specificity of a TB score chart
pneumonia, or N instead of pediatrician’s
signs/symptoms of TB N diagnosis
(301) o

Beneri, 2016 (13) South Africa  presumptive TB in RCT <5y NA % of presumptive TB cases with é considered for informing
on TPT for HIV-exposed confirmed, probable and possible 5 sens.clin and spec.clin, but not
and -infected (219) TB; Sensitivity and specificity of a a representative population

clinical diagnosis 2] (semi-active case finding)

Berggren-Palme, Ethiopia clinically diagnosed with ~ 0-14y  level 3 (1) % of TB cases submitting =1 only diagnosed TB patients

2004 (14) TB (355) spontaneously expectorated sputum 8 included

for TB diagnosis 2
Binua, 2019 (15) Philippines presumptive TB (incl. 4-18y  level 3 (1) % of presumptive TB cases with & abstract only, no detailed
EPTB) (112) definite (smear-positive) TB Q information; EPTB included
2
é.
=
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Reference (first Country Child population Age Health care level  Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parafeters not being considered for
publication) infodhed informing model parameters)
Bojang, 2016 (16) The Gambia  presumptive TB (24) 0-14y  level 1 (NS) & % of presumptive TB cases with & No information on final TB
research unit (1) definite (Xpert) TB S,O diagnosis
Brent, 2017 (17) Kenya presumptive TB (1,442)  0-14y  level 2 (2) % of presumptive TB cases with i did not use standard clinical
confirmed, highly probable and o case definitions, EPTB
possible TB s included which cannot be
N separated from pulmonary TB
Bunyasi, 2015 (18)  South Africa  investigated for incident <4y NA % of presumptive TB cases with N No information on final TB
TB in vaccine trial confirmed TB o diagnosis; non-representative
(active & passive FU) g population
(1,020) 3
Chipinduro, 2017 Zimbabwe presumptive TB (221) 5-16y  level 1 (8) % of presumptive TB cases 3 no data on % spontaneously
(29) submitting induced sputum for TB o expectorating sputum
diagnosis =
Chisti, 2013 (20) multiple acute pneumonia with <By NS (NS) % of children with acute pneumonia g population not representative
SAM and/or HIV being diagnosed with confirmed TB > for children with presumptive
infection (747) g B
Das, 2019 (21) India presumptive TB, partly 0-14y  level 3 (1) % of presumptive TB cases with § no data on % clinically
admitted (171) confirmed (smear/Xpert-positive) 3 diagnosed with pulmonary TB
B =
Dayal, 2020 (22) India diagnosed with probable  0-13y  level 3 (1) % of samples MTB-positive, by type e Only includes diagnosed TB
TB (114) of sample =) patients
Elhassan, 2016 (23) Sudan presumptive TB (197) 0-13y  level 1 (5) % of presumptive TB cases with p_tr%tb
confirmed, probable and possible o
B =
Eliso, 2015 (24) Ethiopia cough of any duration 6-15y  level 1 (4) % of presumptive TB cases with 5 only smear-positive TB
(43) definite (smear-positive) TB >z included
Fekadu, 2017* (25) Ethiopia NA NA level 1 (NA) % of children seeking care at level phc(Ee this study used data from
0/1 health facilities first o multiple sources to estimate
e TB care cascade
Garcia-Basteiro, Mozambique presumptive TB (766) 0-2y NA (Research % of presumptive TB cases with N possible TB not presented in
2015 (26) Center) (1) definite and probable TB :; the paper, limited age bands
Giang, 2015 (27) Vietnam presumptive TB (150) 0-14y  level 3 (1) % of presumptive TB cases with p_trEetb
confirmed, probable and possible =
B 2
Gous, 2015 (28) South Africa  presumptive TB (484) 0-14y  level 2 (1) % of samples MTB-positive, by ) No information on final TB
method S diagnosis
Hanrahan, 2019 South Africa  presumptive TB (119) 2m- level 1 (1, high- % of presumptive TB cases spongsput,
(29) 10y volume) submitting respiratory specimen for  p_trd&th
TB diagnosis, by type of specimen =
and age group g
2
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author and year of included (N) range (no. centers) parafeters not being considered for
publication) infodhed informing model parameters)
Kabir, 2018 (30) Bangladesh clinically diagnosed with ~ 0-14y  level 3 (1) % of samples MTB-positive, by & No information on final TB
TB (102) method 23 diagnosis
Kabir, 2020 (31) Bangladesh presumptive TB (448) 0-14y  level 3 (1) % of presumptive TB cases i no data on % spontaneously
submitting induced sputum and/or o expectorating sputum
stool for TB diagnosis s
Kalra, 2020 (32) India presumptive TB (94,415) 0-14y  level 3 (1) % of presumptive TB cases N no data on % spontaneously
submitting any specimen for TB N expectorating sputum
diagnosis, by type of specimen =
Kalu, 2013 (33) Nigeria presumptive TB (263) 3m- level 3 (1) % of presumptive TB cases with g no data on % clinically
14y confirmed (culture-positive and/or = diagnosed with pulmonary TB
smear-positive) TB 3
Lopez-Varela, Mozambique presumptive TB (789) 0-2y NS (Research % of presumptive TB cases with o limited age bands
2015** (34) Center) (1) definite, probable and possible TB <
Marais, 2006* (35)  South Africa  cough>2 weeks without ~ 0-12y  level 1 (5) Sensitivity and specificity of clinical sensglin,
response to oral diagnosis spec&lin
antibiotics course (428) =
Moussa, 2016 (36)  Egypt presumptive TB (115) 0-15y  level 3 (1) % of presumptive TB cases with p_trigath
confirmed, probable and possible 3
B 3
Mukherjee, 2013 India clinically diagnosed 6m- level 3 (2) % of bacteriologically confirmed TB 3 only includes diagnosed TB
(37) intrathoracic TB (403) 15y =) patients
Mulenga, 2011 (38)  South Africa  two cohorts investigated ~ 0-2y?  NA % of child population seeking care (—: mixture of PHC and hospital
for incident TB in two % care seeking, limited age
vaccine trials (active & Sensitivity and specificity of clinical = bands;
passive FU) (1,445+740) diagnosis S contains % with different
Z combinations of symptoms and
= signs of TB, but no data for
e parameter of interest
Mulenga, 2015 (39) South Africa  investigated for incident ~ 0-2y NA Sensitivity and specificity of clinical ~ contains % with different
TB in vaccine trial diagnosis N combinations of symptoms and
(active FU) (1,017) g signs of TB, but no data for
< parameter of interest
Munoz-Sellart, Ethiopia diagnosed with TB (231) 0-14y  level 1 (7) and 2 % of smear-positive TB T::D only includes diagnosed TB
2009 (40) (1) 24 patients
Mwangwa, 2017 Uganda diagnosed with TB in 0-15y  level 1 (32 % of bacteriologically confirmed TB 2] likely higher than SOC
(42) HIV RCT (42) communities) cases started on treatment S
Myo, 2018 (42) Myanmar presumptive TB (231) 1m- level 3 (1) % of presumptive TB cases with p_tr&tb
12y confirmed and unconfirmed TB e
% of bacteriologically confirmed TB g likely higher than SOC
cases started on treatment o
g
é.
=
Mafirakureva et al., 2021 For peer review only - h'%\ppp/%‘]r%lép']eh. IF}%rcacELr{anfe?g{)%Ut/guidelines.xhtmI 8


http://bmjopen.bmj.com/

Page 33 of 107

oNOYTULT D WN =

BMJ Open

1202-UadolWg/9eTT (

Reference (first Country Child population Age Health care level  Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parafeters not being considered for
publication) infodhed informing model parameters)
Nansumba, 2016 Uganda presumptive TB (137) 3-14y  level 3 (1) % of presumptive TB cases & no data on % spontaneously
(43) submitting respiratory specimen for °O° expectorating sputum;
TB diagnosis; i no data on clinically diagnosed
% of presumptive TB cases with o TB;
confirmed (culture-positive) TB; 5
% of bacteriologically confirmed TB N
cases started on treatment N likely higher than SOC
Negash, 2020 (44) Ethiopia lab-based, any sputum 4-14y  level1 (4 % of presumptive TB cases with :D no data on clinically diagnosed
received for TB hospitals, 34 Xpert-positive TB s B
diagnosis (414) HCs) 3
Nhu, 2013 (45) Vietnam presumptive TB (73) 0-15y  level 3 (1) % of bacteriologically confirmed TB §_ only includes diagnosed TB
) patients
Nicol, 2011 (46) South Africa  admitted for presumptive  0-15y  level 3 (2) % of bacteriologically confirmed Fbc = only includes in-patients in
TB (452) TB; g level-3 hospital
> likely higher than SOC
% of bacteriologically confirmed TB =
cases started on treatment =
Nicol, 2013 (47) South Africa  presumptive TB (115) 0-14y  level 1 (1) and % of presumptive TB cases with p_tr@tb none of the children was
level 3 (1) confirmed, probable and possible .g' diagnosed with possible TB
B w
Nicol, 2019 (48) South Africa  presumptive TB (165) 0-14y  level 3(1) % of presumptive TB cases with p_trllgtb
confirmed and unconfirmed TB; =.
% of bacteriologically confirmed TB 8 likely higher than SOC
cases started on treatment 3
Nissen, 2012 (49) Tanzania presumptive TB (195) 0-14y  level 1/2 (1) % returning for clinical re- e likely higher than SOC as
evaluation after initial exclusion of %’ asked to return by the study
TB = team
Oliwa, 2019 (50) Kenya admitted for presumptive  0-15y  level 2 (13) % of presumptive TB cases that gets 5 not regarded sufficiently
TB (23,741) TST, chest X-ray, and bacteriology I representative for Ethiopia and
offered S Indonesia
Orikiriza, 2018 (51) Uganda presumptive TB, partly 1m- level 2/3 (1) % of presumptive TB cases with g case definitions provided in
admitted (392) 14y confirmed TB, % started on TB ; Methods section were not used
treatment c to present results
Pearce, 2012* (52) NA NA NA NA Sensitivity and specificity of clinical I review, no original data; only
diagnosis T one study identified providing
S a sensitivity score
Ramos, 2013 (53) Ethiopia retrospective review of 0-14y  level 2 (1) % of presumptive TB cases with 3 only smear-positive TB
sputum reports (875) smear-positive TB w included
Ramos, 2019 (54) Ethiopia diagnosed with smear- 0-14y  level 2 (1) % of TB patients diagnosed with g only diagnosed TB patients
positive TB (862) smear-positive TB 2 included
E
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publication) infodhed informing model parameters)
Raizada, 2014 (55) India presumptive pulmonary 0-14y  network of level 1 % of presumptive TB cases with & no data on clinically diagnosed
TB (4,600) HF (x400), bacteriologically confirmed (by °O° B
microscopy SSM/ Xpert) TB i
centers (99), and o
sub-district TB s
units (18) N
Raizada, 2015 (56)  India presumptive pulmonary 0-14y  asRazaida, 2014 % of presumptive TB cases with N no data on clinically diagnosed
TB (517) (55) bacteriologically confirmed (by o B
SSM/ Xpert) TB o]
Raizada, 2018a India lab-based study, 0-14y  central Xpert labs % of bacteriologically confirmed TB 5 also EPTB included, no
(57) presumptive TB (3,045) (4) receiving cases started on treatment S differentiation by type of TB
samples from all o) possible
levels (public & =
private) in 4 big o
cities 3
Raizada, 2018b India lab-based study, <2y as Razaida, 2018a % of bacteriologically confirmed TB = also EPTB included, no
(58) presumptive TB (465) (57) cases started on treatment § differentiation by type of TB
3 possible
Reither, 2015 (59) Uganda, presumptive TB (451) 2m- NA (Research % of presumptive TB cases with p_tr@tb
Tanzania 15y Center) (2), level  confirmed, highly probable and w
2(1) probable TB o
Sabi, 2016 (60) Tanzania presumptive TB (192) 2m- level 2 (1) % of presumptive TB cases E no data on % spontaneously
12y submitting respiratory specimen for 8 expectorating sputum
TB diagnosis; p_trétb
% of presumptive TB cases with S
confirmed, probable and possible _Jc>
B =
Sabi, 2018 (61) Tanzania presumptive TB (277) 6m- NS (Research % of presumptive TB cases with & Focus of report on stored
16y Center) (2) confirmed, highly probable and I sputum samples tested with
probable TB S Xpert Ultra. More relevant data
= presented in Reither, 2015
Sekadde, 2013 (62) Uganda presumptive TB (235) 2m- level 3 (1) % of presumptive TB cases < no data on % spontaneously
12y submitting induced sputum for TB e expectorating sputum;
diagnosis; & no data on clinically diagnosed
% of presumptive TB cases with T B
confirmed TB o
Sharma, 2020 (63) India non-expectorating with 6m- level 3 (1) % of presumptive TB cases with w non-expectorating children
strong clinical suspicion 12y bacteriologically confirmed TB g only; no data on clinically
of TB (210) o diagnosed TB
g
2
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Reference (first Country Child population Age Health care level  Data extracted Mo Comment (e.g., reason for
author and year of included (N) range (no. centers) parafeters not being considered for
publication) infodhed informing model parameters)
Shata, 1996 (64) Malawi presumptive TB (29) 3-15y  level 3(1) % of presumptive TB cases & no data on % spontaneously
submitting induced sputum for TB 2," expectorating sputum
diagnosis >
Singh, 2016 (65) India presumptive TB (50) 0-14y NS (3) % of presumptive TB cases with o no internationally accepted
confirmed (SSM) and probable TB 5 definition used for the clinical
N definition of TB
Sorsa, 2020 (66) Ethiopia presumptive TB (775) 0-14y  level 3(2) % of presumptive TB cases with p_trgth
confirmed (SSM/Xpert) and o
probable TB Q
Ssengooba, 2020 Uganda diagnosed with “minimal  0-15y NS % of samples MTB-positive, by type = only diagnosed TB patients
(67) TB” participating in of sample 3 included
clinical trial (353) 53
Surya, 2017* (68) Indonesia NA NA level 1 (NA) % of children seeking care at level phc@ this study used data from
0/1 health facilities first % multiple sources to estimate
> TB care cascade
Swaminathan, 2008  India presumptive TB (2,652)  6m- level 3 (3) % of presumptive TB cases with = no data on clinically diagnosed
(69) 12y bacteriologically confirmed TB = B
Walters, 2017a (70)  South Africa  presumptive 0-12y  level 3(2) % of presumptive TB cases with 3 population is the same as
intrathoracic TB (188) confirmed and unconfirmed TB S presented in Walters, vd Zalm,
g 2017
Walters, 2017b (71) South Africa  presumptive 0-12y  level 3(2) % TB bacteriologically positive Fbc,g
intrathoracic TB (379) under ideal conditions =
% of presumptive TB cases with p_tr%tb
confirmed and unconfirmed TB =
Walters, 2018 (72)  South Africa  presumptive TB (148) 0-15y  level 3(2) % of presumptive TB cases 5 no data on % spontaneously
submitting stool for TB diagnosis; _Zg expectorating sputum
% of presumptive TB cases with p_trEtb
confirmed and unconfirmed TB ey
% started on TB treatment after I likely higher than SOC
clinical re-evaluation S
Yadav, 2020 (73) India presumptive TB (155) 0-15y  level 3 (1) % of presumptive TB cases g not clear if spontaneous
submitting respiratory specimen for é expectoration was attempted in
TB diagnosis, by type of specimen c all children
Zar, 2005 (74) South Africa  admitted for presumptive  1m-5y level 3 (2) % of presumptive TB cases with m" no data on clinically diagnosed
TB (250) confirmed (SSM/culture) TB o) B
Zar, 2012 (75) South Africa  admitted for different 0-14y  level 3 (2) % TB bacteriologically positive Fbc S
severe conditions with under ideal conditions f_c%
presumptive TB (535) % of presumptive TB cases with w non-representative population
definite (Xpert/culture) and possible g (hospitalized with severe
B o conditions)
g
é.
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Reference (first Country Child population Age Health care level  Data extracted Moqﬁ Comment (e.g., reason for
author and year of included (N) range (no. centers) parafeters not being considered for
publication) infodhed informing model parameters)
Zar, 2013 (76) South Africa  presumptive TB (384) 0-14y  level 1 (1, high- % of presumptive TB cases with p_trl%tb
volume) definite (Xpert/culture) and possible Py
B i likely higher than SOC
% started on TB treatment after o
clinical re-evaluation s
Zar, 2019 (77) South Africa  admitted for presumptive  0-14y  level 3 (1) % TB bacteriologically positive Fbe
TB (195) under ideal conditions )
% of presumptive TB cases with o non-representative population
confirmed and unconfirmed TB % (hospitalized with severe
S conditions)

Abbreviations used in table: EPTB: extrapulmonary tuberculosis, Fu: follow up, HC: health center, HF: healthcare facility, m: months, MTB: Mygobacterium tuberculosis, NA: not

applicable, NS: not specified, RCT: randomized controlled trial, SOC: standard of care, SSM: sputum smear microscopy, TB: tuberculosis, y: ye@s; * Identified from authors’

personal databases, not through the systematic literature review; ** ldentified as paper containing the source data of one of the papers identified ig.the systematic literature review
o

(26).
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Appendix 2a: Model parameter estimation

Model structure and description

Description of parameters from review
Spontaneous sputum expectoration (parameter a)
Fraction of TB bacteriologically positive under ideal conditions (parameter Fbc)
Prevalence of true TB among presumptive TB
Accuracy of clinical assessment in bacteriologically negative TB
Accuracy of bacteriological tests
Level of initial care-seeking
Summary of model parameters from review and distributions
Summary of other parameters
Parameters in common between countries from previous work
Parameters specific to Indonesia
Parameters specific to Ethiopia
Other parameters based on assumption

Description approach to expert opinion
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Model structure and description

The model is implemented as a decision tree that matches our understanding of patient pathways of
care. The structure of the tree is shown in Figure Al along with the names of the probabilities of
going down each path, and the names of the costs associated with each node (underneath node names;
0 if no costs are applied). Quantities such as probabilities or costs can depend on “attributes’ of
patients entering; here, this means true TB status (yes or no) and child age group (0-4 or 5-14 years).
The model calculates mean values of various quantities over the tree for a large number (10 thousand)
of sampled input parameters and cohort characteristics (i.e., make up by attribute) to generate a
probabilistic sensitivity analysis that is used for the generation of results. The quantities calculated
over the tree are: the number of deaths; the cost to healthcare providers; the number of referrals; the
number of assessments performed; the number of bacteriological assessments performed; the number
of anti-TB treatments; the number of bacteriologically-confirmed anti-TB treatments; the number of
anti-TB treatments initiated at PHC level; the number of anti-TB treatments initiated among
bacteriologically-confirmed TB cases; a validation variable that should always total 1. The model was
implemented in R using the HEdtree package.

All fundamental input parameters are treated as random variables with specified distributions to
represent uncertainty. Labelled parameters on Figure A1 may depend in specified ways on these
underlying fundamental input parameters. Most parameters appearing as labels in Figure Al directly
correspond to fundamental input parameters, and are named as such in parameter tables. However,
there are three classes of exception: 1) parameters describing treatment and non-treatment outcomes;
2) parameters on early stages of the care cascade relating to bacteriological testing; 3) parameters
describing the prevalence of attributes in the patient cohort, which are not shown on Figure Al.

The approach to outcomes (class 1 above) are based on previously published work[1] and are
recapped below (see Table A9), along with some additional modelling details. This document focuses
on the review work to inform new input parameters, many of which are related to parameters in
classes 2 and 3 above.

Briefly, we assume that parameters a are determined by the ability of children in each age category to
spontaneously expectorate sputum, i.e., an attempt to collect a spontaneously expectorate sputum is
always made at PHC or hospital. Parameters b are based on data on the diagnostic accuracy of stool-
approaches, but assume that only a fraction of all children in each age group (Fbc) are
bacteriologically-confirmable under ideal circumstances. Since diagnostic accuracy is typically
reported with respect to confirmed cases, we assume test sensitivity only applied to a fraction of Fbc
of patients. Parameters f, d, and h for clinical assessments at PHC or hospital are assumed to be the
same, and are informed by data we found to inform the diagnostic accuracy for clinical diagnosis of
TB in each age group (i.e., these are sensitivity for true TB, and one minus specificity for true not
TB). Importantly, we assume that under the intervention, a bacteriologically negative test is always
followed up with clinical assessment (i.e., this assessment, which will be made in any case, is able to
override a false-negative test result with unchanged sensitivity).
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Description of parameters from review

The model was informed with parameters obtained from ongoing studies using the SOS stool method
where available, a systematic literature search (see Appendix 1), and expert opinion for those
parameters for which no published data was identified. This Appendix provides an overview of the
original data and the summation methods used to quantify a parameter for each of the parameters used
in the model.

Spontaneous sputum possible

For this parameter, we collected data from our own and published studies on the proportion of
children that submitted a spontaneously expectorated sputum sample for diagnostic workup. We
included those studies that accepted spontaneously expectorated sputum from all children that could
produce such a sample and included other respiratory specimens (i.e., nasogastric (lavage) aspirates,
nasopharyngeal aspirates, or induced sputum) for those children unable to spontaneously expectorate,
reporting the number of specimens by type received per age group. Only two studies included in our
comprehensive review of original peer-reviewed papers (Appendix 1) met these criteria[2, 3].

Table Al Proportion of children who submitted spontaneously expectorated sputum, by age group.

Reference Setting Age group | Number Proportion spontaneous
of sputum (95% CI if
children provided)

Kaswandani, | in- and outpatients with symptoms | 0-4 years 222 1.80% (0.67% - 4.72%)

Tiemersma et
al,

or signs of presumptive TB in 10
secondary and tertiary care

unpublished | hospitals on Java, Indonesia 5-10 years | 82 13.41% (7.54% - 22.73%)
Bates etal[2] | in-patients with primary or 0-4 years 663 2.30%

secondary admission diagnosis of

TB at pediatric and child health 5-9 years 124 45.20%

department of Lusaka University

hospital in Zambia 10-14 years | 138 50.00%
Hanrahan et | outpatients with presumptive TB at | 2 months - 4 | 202 3.90%
al[3] 1 primary care clinic in years

Johannesburg, South Africa

5-9 years 17 58.80%

Bates et al[2] collected sputum samples from all children who could expectorate while gastric lavage
aspirates were obtained from children unable to expectorate. Hanrahan et al[3] collected a
spontaneous sputum sample whenever possible. Sputum collection was guided and overseen by a
dedicated paediatrician. If the child was unable to expectorate, one nasopharyngeal aspirate and one
induced sputum sample were obtained by a nurse. We also collected relevant data in a study in
Indonesia on the diagnostic accuracy of the SOS stool method with Xpert. Sample collection was
overseen as per routine procedures in the facilities, but was usually done by a nurse. Collection of a
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spontaneously expectorated sputum or an alternative specimen (either sputum induction (generally for
children of 2 years and older) or nasogastric aspiration (for younger children)) was conducted as per
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nurse’s judgement.

Table A1 summarizes the data extracted while Figure A2 plots the same data with 95% confidence

intervals, using binomial confidence intervals only where counts were provided.

The proportions from the Indonesian studies were lower than those reported from the two published
studies, especially for the older children, but may in fact be closer to the reality on the ground, as in
the Indonesian study, no special efforts were undertaken to obtain spontaneous sputum from all

children.

Hanrahan 1 ——

CTB study in IDN 1

Bates .

Hanrahan 1

CTB study in IDN

Bates

Bates

_._

0%

Figure A2. Proportion of children able to spontaneously expectorate sputum by age group with 95%

uncertainty intervals.

Names refer to first authors of papers (also described in Table A1 and Appendix 1, Table A2). CTB:

20% 40% 60%
Proportion able to produce sputum

Challenge TB project; IDN: Indonesia.

The summary estimates from a random effects meta-analysis after pooling of the results were 2.4%
(95% prediction interval (PI): 1.6 - 3.6%) for the rate of spontaneous sputum expectoration among
children aged 0-4 years, and 38.9% (95% prediction interval [P1]: 0.098 - 78.8%) among children
aged 5 years and above. Note that the 95%CI in this case was much narrower (21.7% - 59.4%).
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Fraction of children bacteriologically confirmable

TB in children, especially children under 5 years of age, is often of paucibacillary nature and often no
M. tuberculosis bacilli can be detected. Most evidence on the sensitivity of diagnostic tests is reported
against a gold standard based on bacteriological confirmation; often sensitivity is very poor among
children with bacteriologically negative TB. For our model, it was therefore important to understand
what the maximum fraction of children for whom TB could be bacteriologically confirmed if an array
of diagnostic tests were used. For this parameter, Fye, we included studies that tested multiple different
specimens of the same child, using sensitive diagnostics such as Mycobacteria Growth Indicator Tube
(MGIT) culture and GeneXpert (Ultra). Four studies meeting these criteria were identified (Table A2).
Figure A3 provides the point estimates with 95% uncertainty intervals.

It should be noted that all these four studies were conducted in Cape Town, South Africa, in only 4
different hospitals (Red Cross War Memorial Children’s Hospital[4-6], New Somerset Hospital[4-6],
Tygerberg Hospital[7] and Karl Bremer Hospital[7]), and included hospitalized children only.
Restriction of the study populations to admitted (i.e., most ill) children may introduce bias to higher
proportions of confirmable TB, as a positive correlation between bacterial load and seriousness of the
illness is expected. For example, in another study including children with minimal TB (defined as
non-severe, symptomatic, smear-negative TB), the disease was bacteriologically confirmed on a
respiratory sample in only 14.16% of the cases.[8] All children had submitted at least 2 specimens of
gastric lavage, gastric washing or sputum, which were tested by culture (MGIT and Lowenstein-
Jensen medium), Xpert MTB/Rif and Xpert Ultra.
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Table A2 Fraction of TB that was bacteriologically confirmed from studies applying sensitive diagnostics to multiple sﬁecimens.

[00)
Number of childrer§

and NPA, n=65 with 1 paired IS
and NPA

treated)

culture-negative

Reference | Setting Type and number of Type of diagnostic tests conducted | Number Bacteriological Fraction with
specimens taken of treatedforTB S confirmation bacteriological
children = confirmation of
enrolled s B
Nicol et children aged <15 years 21S taken at least 4h apart; Fluorescent smear microscopy and 452 n=216: 69/70 definit&TB | n=76: 70 culture- 34.72%
alf4] admitted with presumptive | n=385 with 2 IS, n=67 with one | Xpert MTB/Rif on concentrated , 147/216 possible Tr positive, 6 Xpert
pulmonary TB (incl. atleast | IS specimen sample, MGIT culture (incl. 6 with Xpert M@B+ | positive, culture-
cough of >2weeks plus results) g negative
another sign or symptom) to ?—)
2 hospitals in Cape Town, 2
South Africa Q
Walters et children aged <13 years sputum (5 years or older)/NGA respiratory samples: fluorescent smear | 379 n=170: 73 with % n=73: 71 culture-or 42.94%
al[9] presenting to 2 hospitals in | (<5 years) + IS + NPA), stool microscopy and Xpert MTB/Rif on bacteriologically = Xpert positive on
Cape Town, South Africa (max 7 samples). All respiratory | concentrated sample, MGIT culture if confirmed TB, 69 wigi respiratory sample, 1
with presumptive samples tested on smear + collected by study team. Smear and unconfirmed TB, 28Fith | Xpert-positive on
intrathoracic TB MGIT and partly on GX, stool culture if collected by hospital staff. unlikely TB 3. stool sample and 1
GX Stool samples: Xpert and culture (the 8 culture-positive on
latter only until half-way the study) e stool sample
Zaretal Children aged <15 years 2 NPA (taken at least 4h apart) Fluorescent smear microscopy and 535 n=283: 87 with deﬁnﬁe n=98: 87 culture- 33.92%
(2012)[5] with presumptive TB and 2 IS (taken at least 30 min Xpert MTB/Rif on concentrated TB, 194 with possib% positive and 11 Xpert
hospitalized in Cape Town, | after NPA, and taken at least 4h | sample, MGIT culture B = NPA/IS positive and
South Africa, because of apart); n=396 with 2 paired IS S culture-negative (of
severe pneumonia, need for | and NPA, n=139 with 1 paired IS _g whom 9 were treated)
oxygen/intravenous and NPA =
therapy, or social conditions 2
precluding home care o
Zaretal Children aged <15 years, 2 NPA (taken at least 4h apart) | Fluorescent smear microscopy and 195 n=144: 40 with R n=48: 40 culture- 31.25 - 34.03%*
(2019)[6] hospitalized for suspected and 2 IS (taken at least 30 min Xpert Ultra (for 2 NPA and 1 IS) on confirmed TB, 104 with positive, between 5
TB in Cape Town, South after NPA, and taken atleast 4h | concentrated sample, MGIT culture unconfirmed TB (nd& and 9 Xpert Ultra
Africa apart); n=130 with 2 paired IS sure though if all we@ NPA/IS positive®,

* The exact number of Xpert-positive, culture-negative cases does not become clear from the paper: there were between 5 (IS and

overlap between IS and NPA results) of such cases.

"1ybuAdoo Ag pagsrold
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The summary estimate from a random effects meta-analysis was 38.0% (95% prediction interval [PI]:
33.1-43.1%).

For the above studies, most children were under 5 years of age. The fraction of children with TB in
whom it is possible to obtain bacteriological confirmation is thought to be higher for the 5-14 years
age group, but we did not find any suitable data to directly inform this. For the 5-14 year old age
group, we therefore divided the proportion of children aged 5-14 reported from South African
enhanced surveillance data in du Preez et al.[10] by the spontaneous sputum fraction for this age
group from above. This assumes that the fraction of children bacteriologically confirmed in routine
practice is the product of the fraction who can spontaneously expectorate sputum, and the fraction
who would be bacteriologically confirmed with enhanced sample collection and multiple testing (Fuc).
This yielded an estimate of 58.0% (50.5 - 65.8%) for Fyin this age group.

Study Estimate [95% CI]
Nicol, 2011 - 0.35[0.30, 0.39]
Walters, 2017 ——i 0.43[0.38, 0.48]
Zar, 2012 —— 0.38 [0.34, 0.42]
Zar, 2019 [ — 1 0.36[0.29, 0.43]
RE Model —— 0.38[0.35, 0.41]

I T T T T ]
025 03 035 04 045 05

Observed Outcome

Figure A3. Meta-analytic results for the fraction of children with bacteriologically positive TB under
ideal circumstances.

Prevalence of true TB in presumptive

For this parameter, from our systematic review (Appendix 1), we selected studies that reported the
number of children with presumptive TB and the number of children diagnosed with TB (by method)
during the study period.

We restricted to studies that reported using case definitions based on one of the Graham consensus
definitions,[11, 12] or the NIH definition, including confirmed/probable TB as TB or the number
starting treatment if this was stated (see Table A3). Where age categories reported were not exactly 0-
4 years, 5-14 years or 0-14 years, we approximated the age category reported by the studies by its
closest match, aggregating over counts if necessary. We performed a random-effects meta-analysis for
each age grouping (see Figure A4), finding a summary estimate of 45% (95% prediction interval [PI]:
7.7 - 89%). There was high heterogeneity and wide prediction intervals, with no clear difference
between the 0-4 year and 5-14 year age group. We therefore based our parametrization on the pooled
0-14 year analysis, using the midpoint and prediction interval to inform a beta distribution.
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Table A3 Studies reporting TB prevalence among presumptive TB patients using NIH or Graham case-definitions. &
&
o | Diagnosed
Author |Year [Design Setting Clinical diagnosis Specimens and tests Age group Included® witl?TB Type of diagnosis
=
children evaluated for &
presumptive TB and/or referred : <
Retrospective for TB treatment in 1 regional as per internationally ﬁr?a:\glzqg égsétcg]r:tz Utgmtl?;eligly 8
Bacha[13] [2017 S referral hospital in Southern proposed criteria (see . . o, |0-14 years 455 n©No|120 21 confirmed, 99 probable, 37 possible TB
descriptive Hi . if there was a 2nd sample (89.4% N
ighlands Zone of Tanzania Graham et al. 2015) . :
. h . of children) ]
serving a child population of 3.2 S
min children §
0-18y (0-15y as per g 125 32 confirmed, 56 probable, 37 possible
Methods but 0-18y per 197 o
Tables & Figures) 8|32 LJ culture confirmed
% 47 3 confirmed, 29 probable, 15 possible
Confirmed TB: cough>2wks <=6y 86 =
. . ) AND culture+, Probable: SSM (ZN and auramine =l LJ culture confirmed
Ethassan] | 016 | | Children with presumptive T8 | o) 155 AND CXR fuorescence), 156110 PCR and LJ = ure cont
ross-sectional | presenting to 5 TB centers in . ) =
14] Kh abnormal AND HH contact; | culture on sputum (if 7+y) or NGA .
artoum state, Sudan o : 3[40 10 confirmed, 17 probable, 13 possible
Possible: Cough>2wk AND | (if<7y) 712 63 5
HH contact AND TST+ ey kS
B 110 LJ culture confirmed
1=
._3. 38 19 confirmed, 10 probable, 9 possible
13-18y 48 8
319 LJ culture confirmed
150 5 131 38 confirmed, 60 probable, 33 possible
atleast 1 symptom >
o ~ |suggestive of TB plus a 150 3|38 culture or smear-positive (confirmed) PTB
HIV negative children presenting | positive culture or smear, or concentrated SSM and Xpert —
) et with presumptive TB at a sub- plus CXR suggesting TB, ' i © it
Giang[15] | 2015 | Cross-sectional national TB referral hospital in Ho | positive response to TB zﬂaﬂ-n::l?,i{g)on anaverage of 2 |0-14 years 150 |46 ;(gs;tb’?g f:lztalggs,(ir:l?; g confirmed, probable and
Chi Minh City, Vietnam therapy, documented close P 8
contact with TB patient, or g i i fimed. probable and
positive TST 150 2|39 culture-positive (among confirmed, probable an
© possible cases only)
c
children with presumptive TB incl. | Per Graham, 2015. Confirmed ,a 105 4 confirmed, 101 unconfirmed TB
symptomatic child HH contacts of | TB: microbiologically positive _U
adult TB patients regardless of ~ |by SSM, culture or Xpert on concentrated FM. Xpert and MGIT 3
symptom duration presenting ata |any sample. Unconfirmed TB:  ~PetL, T
Hanrahan . d ; A culture on 1 spontaneous sputum 5
B3] 2019 |cross-sectional |high-volume, primary health-care |no microbiological samole or 1 NPA+1 IS if unable to 60 days to <10 years 119 2
clinic which provides outpatient | confirmation but >=2 of CXR 0 d’l)Jce sputum: 1 stool a4 confirmed TB
care for a densely populated suggesting TB, positive P P ' g
urban and peri-urban response to TB treatment, TB o
impoverished community of about | contact history, or TST+. .8
o
é.
=
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14 .
Author |Year [Design Setting Clinical diagnosis Specimens and tests Age group Include% ‘[')vliz?r.li_gsed Type of diagnosis
o0
©
200,000-300,000 (18% children o
<10y) >
115 E 107 36 confirmed, 61 probable, 10 possible
atleast 1 symptom 1-15 years NS ,
suggestive of TB plus 115 S 36 confirmed PTB
"microbiological confirmation", N ]
children with clinical signs of PTB | or plus CXR suggesting TB, |SSM, LJ culture on 2 (induced) | 1-5 years “ g8 10 confirmed, 25 probable, 3 possible
Moussa[1 2016 |c . . . " . S
6] ross-sectional presgntmg at 1 tertiary care positive response to TB sputum samples, Xpert MTB/Rif on E .
hospital in Cairo, Egypt therapy, documented close |2 stool samples 6-15 years 74 5|69 26 confirmed, 36 probable, 7 possible
contact with TB patient, or o]
immunological evidence of 1-5 years 41 (10 confirmed PTB
MTB infection Q
6-15 years 74 é“ 26 confirmed PTB
3
revised NIH classification: 231 |12 38 confirmed, 83 unconfirmed
culture or Xpert positive, or at °
Children with suspected PTB 'Seu"’St gs‘t)l; Sy%ptggg signs s
Myo[17] |2018 |Cross-sectional przs;e{l?inﬁ at titter':ilaryMcarg | coggistentg with! TB,TB (’\:/(ln%:/e;tfrateéjl_SJSMl,tdirect )ipgrlf A 1 month-12 years %'
Rne ialric hospialin Mandatay, exposure or immunological 1 agEgUIre on 231 Z |38 culture- or Xpert-positive (confirmed) PTB
yanmar evidence of MTB, or a >
positive response to TB g
treatment =
3
. I culture-positive or any other 115 365 17 definite, 48 possible
Children presenting with started gn B treatmgnt or 8 d
presumptive TB at 1 primary not started on TB treatm’ent concentrated Xpert and MGIT on 2 =1
Nicol[18] [2013 |Cross-sectional |healthcare clinic and 1 tertiary but with istent TB IS and Xpert testing of 2 aliquots | 0-14 years >
care hospital in Cape Town, utwi tlperS|s ert1 d from 1 stool 115 8|17 culture-positive (definite) PTB
South Africa suggestive symptoms an =
signs at 3-month follow-up ©
culture-positive or any other 165 B 121 40 confirmed, 81 unconfirmed
Children presenting with started on TB treatment, or Xpert and MGIT on 2118 (2 oral ~
Nicol[19] {2019 |Cross-sectional Eresgtm lptivg B ?rt ! tertéarytﬁare Eot St%;t ed on ;I-B tt |:I(_e§tment S\zabs with quantitative PCR, not | 0-14 years g
ospilal in Lape fown, Sou utwith persisien incl. in diagnosis) 165 « |40 culture-positive (confirmed) PTB
Africa suggestive symptoms and 5
signs at 3-month follow-up 4]
vl .
symptoms suggestive of TB 2 months-15 years 451 § 147 37 confirmed, 48 highly probable, 62 probable PTB
Children presenting with and AFB+ smear or abnormal 451 Bla37 culture-positive (confirmed) PTB
Reither[20 . presumptive TB at 2 research CXR suggestive for TB, or concentrated SSM, Xpert, MGIT o P ( )
2014 | cross-sectional ites in T 2 and 1 hospital in | CXR not clearl i and LJ culture on sputum/IS (1-5 o
] stfes In tanzania and 1 hosprialin notclearly suggesiing samples per child) 211 o|74 16 confirmed, 26 highly probable, 32 probable PTB
Kampala, Uganda TB but no alternative Dx and 2 months-5 years <
i A (@]
complete resolution of 211 8|16 culture-positive (confirmed) PTB
<
é.
=
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O .
Author |Year [Design Setting Clinical diagnosis Specimens and tests Age group Include% ‘[')vliz?r.li_gsed Type of diagnosis
o0
©
symptoms/signs on TB 133 o]39 10 confirmed, 13 highly probable, 16 probable PTB
treatment 6-10 years i
133 o 10 culture-positive (confirmed) PTB
<
106 B 34 11 confirmed, 9 highly probable, 14 probable PTB
11-15 years >
106 g 1 culture-positive (confirmed) PTB
Children presenting with using 4 different published 192 g 40 10 confirmed, 10 probable, 20 possible PTB
presumptive TB in 1 zonal clinical score charts incl. TST =
Sabi[21] [2016 |cross-sectional |hospital in NW Tanzania serving |and CXR resutls; but for FM, Xpert, LJ culture on IS 2 months-12 years 8
a population of 13 min. 91% of | analysis using Graham et al 192 % 10 culture positive (confirmed) PTB
children admitted to hospital 2012 i
% 453 142 confirmed, 311 probable
Confirmed: >=1 TB symptom 775 = )
Retrospective | Children presenting with (cough>=2 wk, contact with 5| 142 confirmed (SSM/Xpert)
document presumptive TB at Asella TB patient, fever, weight loss, =
review Teaching and Referral hospital ~ |failure to gain weight) and | not specified, but likely direct SSM 404 3 254 54 confirmed, 200 probable
Sorsa[22] {2020 |(historical serving a population of approx. 4 | microbiologically confirmed by | or Xpert on a sputum sample, not |<15y (‘before_g
cross-sectional [min in South-Central Ethiopia; | SSM/Xpert; Probable: >=2 of |clear if NGA was also done. period) @ |54 confirmed (SSM)
before- after | Jan 2014-Dec 2017 with Xpert as | TB contact history, clinical =
study) intervention installed Jan 2016 |feature suggesting TB, TST+, 3713|199 88 confirmed, 111 probable
CXR abnormal suggesting TB (‘after- o
period) % 88 confirmed (Xpert)
Children (12.5% HIV+) with S |42 treated for TB
suspected PTB at two public >
referral hospitals offering general SSM, Xpert and MGIT culture on B e 8|63 3 confirmed, 60 unconfirmed
Walters[9] | 2018 prospective and specialized pediatric care er Graham. 2015 1-2 respiratory specimens (1 ?g rsarr:]g;tphrol\gd; d1(;n ;ij;lns 148 -
cohort (Rahima Moosa M&C hospital P ' spontaneous sputum or IS, + 1 GA mo.nths R A ’ ©13 confirmed TB (culture or Xpert+)
Johannesburg and Desmond Tutu in subset of children aged <5) »
TB center serving 2 hospitals in N 9 Culture+
Cape Town) g ulture
Az
Q 258 73 confirmed, 185 unconfirmed TB
@
Children with suspected @ i -
\ ! : 2x(Sputum/GA + IS + NPA), stool - confirmed TB (71 detected on culture/Xpert non
Walters , intrathoracic TB presenting to (Sp A <13 v med- o 3 stool samples, 1 on stool culture, 1 on stool Xpert)
) ! (max 7 samples). All respiratory 13y; med: 15.9 months
vander |2017 |prospective Tygerberg Hospital and Karl per Graham, 2015 samples tested on FM + MGIT and | IR 9.2-29.3 379 3
Zalm[7] Bremer Hospital in Cape Town, e 5] s :
South Africa, Apr 2012-Aug 2015 partly on GX, stool GX % 71 confirmed TB (on non-stool samples)
§ 170 TB treatment initiated (reference standard)
<
Zar[23] |2013 |prospective 384 G197 30 definite, 167 possible TB
<
a
=
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Author

Year

Design

Setting

Clinical diagnosis

Specimens and tests

Age group

Include

€850

Diagnosed
with TB

Type of diagnosis

Children presenting with
suspected pulmonary TB at 1
primary care clinic in Khayelitsha,
Cape Town, South Africa, Aug
2010-Jul 2012

definite TB: culture+; Possible
TB: receiving TB treatment +
all whose symptoms/ signs at
FU did not resolve if not
receiving TB treatment

concentrated FM, concentrated

Xpert, MGIT culture on IS+NPA:

80% 2 paired IS+NPA; 20% 1
paired IS+NPA

<15y; median 38.3 m
(IQR:21.2-56.5)

30

definite TB

180

started on TB treatment
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Giang 2015 ——
Hanrahan 2019
Mousa 2016 Mousa 2016 —_—
Myo 2018 Mousa 2016 —_—
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Nicol 2019
Reither 2014 - Reither 2014 —
Sabi 2016 —e— Nelters 2018
Sorsa 2020 —-—
Walters , van der Zalm 2017 ——
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Zar 2013 — SUMMARY
SUMMARY
2 50% 7 50% 7 50%

25% 5%
Prevalence of TB among presumptive TB

Figure A4 Forest plots for age groups 0-14 years, 0-4 years and 5-14 years of the prevalence of TB
among presumptive TB

Accuracy of clinical assessment in bacteriologically negative TB

Sensitivity and specificity of clinical diagnosis

Assessing the diagnostic accuracy of clinical diagnosis for TB in children under routine care is
challenging given the absence of a gold standard. Pearce et al.[24] systematically reviewed the
accuracy of score-based approaches to diagnosing TB in children, and found one study (van
Beekhuizen[25]) which can be interpreted as giving a sensitivity assessment of 62%, and specificity
of 95%. The more recent cohort study by Marais et al[26] suggested a sensitivity of 62.6% and
specificity of 89.8% among 428 children aged <13 years investigated for TB in South Africa.
Restricting to children under 3 or those living with HIV, sensitivity was lower: sensitivity 51.8%
(specificity 92.5%) for HIV-negative children under 3 years of age; sensitivity of 56.2% (specificity
61.8%) for children living with HIV.

The study of Beneri et al.[27] compared two case definitions within a trial context. Excluding
bacteriologically confirmed TB, and counting NIH-unlikely TB as negative gives the cross-tabulation
in Table A4.

Table A4 Aggregated data from Beneri et al.[27]
National Institute of Health (NIH)

Classification for bacteriologically

negative children TB+ TB-
TB+ 93 1
P1041
TB- 44 7

13
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Evaluating the stricter trial (P1041) against the NIH case definition yields a sensitivity of 67.9% and a
specificity of 87.5%.

A recent paper by Gunasekera et al.[28] developed an optimized scoring approach to TB diagnosis in
children in South Africa, and reported a sensitivity of 71.5% when restricting the tool to inputs only
from clinical evaluation (i.e. excluding Xpert MTB/Rif and chest X-ray).

We also considered the WHO estimated case-detection ratio for TB in each country and age group
(typically 40-50% in relevant contexts). This approach is problematic because these estimates have
large uncertainty, and also because CDR factors in children who did not present for care and who
were diagnosed but not reported. It therefore is likely a lower bound for the sensitivity of TB
detection algorithms in each country.

Given these data, and the likelihood that trials and optimized diagnostic scores may overestimate
accuracy, we opted to use the estimates from Marais et al.[26] We used the estimate for HIVV-negative
children under 3 for all children under 5, and the overall estimate for children aged 5-14 years (see
Table A5).

Table A5 Parameters used for accuracy of clinical diagnosis

Name Distribution Description Source Mean (IQR)
Specificity of clinical dx <5 0.928 (0.908 - 0.945)
spec.clinu3 B(83.25,6.75) years Marais 2006[26]

Sensitivity of clinical dx <5 0.518 (0.482 - 0.554)

sens.clinu3 B(46.62,43.38) years Marais 2006[26]

Specificity of clinical dx 5- 0.901 (0.878 - 0.921)
spec.clin B(80.82,9.18) 14 years Marais 2006[26]

Sensitivity of clinical dx 5- 0.627 (0.592 - 0.661)
sens.clin B(56.34,33.66) 14 years Marais 2006[26]

Accuracy of bacteriological tests

Sensitivity and specificity of Xpert and smear microscopy on sputum, and of Xpert on stool

For diagnostic tests other than stool, we used the accuracies quoted by the systematic review of Detjen
et al.,[29] see Table A6.

Table A6 Diagnostic accuracies reported by Detjen et al.[29]

Diagnostic Sample Reference Sensitivity (95% CI & PI) |Specificity (95% CI & PI)
Expectorated/Ind

Xpert uced Sputum Culture 62% (51-73; 30-87) 98% (97-99; 90-100)

Xpert Gastric lavage  |Culture 66% (51-81; 33-91) 98% (96-99; 91-100)
Expectorated Clinical for C-

Xpert /Induced Sputum |ve 2% (1-3; 0-6) 100% (99-100; 99-100)

Microscopy Expectorated Culture 26% (14-39; 4-69) 100% (99-100; 94-100)

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

L

Y-

- N Y


http://bmjopen.bmj.com/

oNOYTULT D WN =

ocouuuuuuuuuudbhDdDDDBDDADMNDMDAEDAEDWWWWWWWWWWNNNNNNNNNDN=S =2 @22 aQaaa0
cowvwoOoONOUMMNWN-—_,ODVONOOULLDdMNWN OOV OONOUDMMNWN—_,rODVOVONOOULLDdMNWN-_,ODOVUOONOOUED WN = O

/Induced Sputum

BMJ Open

Microscopy

Gastric lavage

Culture

22% (12-35; 6-51)

99% (97-100; 93-100)

For the accuracy of stool for diagnosing TB in children, we used the two systematic reviews and
meta-analyses: MacLean et al.[30] and Mesman et al.[31] (Table A7).

Table A7 Parameters found by review on diagnostic test accuracy

Name Distribution Description Source Mean (IQR)
Sensitivity of Xpert on stool in

sens.stool |B(20.39,15.3) bac+ children Mesman 2019[31](0.571 (0.515 - 0.627)
Specificity of stool in bac+

spec.stool |B(326.97,6.67) children Mesman 2019[31](0.981 (0.975 - 0.986)
Sensitivity for C+ of Xpert on

sens.xpert |B(45.75,28.04) sputum Detjen 2015[29] [0.621 (0.582 - 0.659)
Specificity for C+ of Xpert on

spec.xpert |B(736.91,15.03) sputum Detjen 2015[29] [0.980 (0.977 - 0.984)
Sensitivity for C+ of SM on

sens.sm B(12.03,34.26) sputum Detjen 2015[29] 0.257 (0.215 - 0.302)
Specificity for C+ of SM on

spec.sm B(759.66,3.81) sputum Detjen 2015[29] (0.995 (0.994 - 0.997)

Level of initial care-seeking

We found no data specific to paediatric TB to inform the proportion of children initially seeking care
at primary healthcare level. We ultimately relied on estimates of initial care seeking for Ethiopia and
Indonesia made in two TB patient pathway analysis (PPA) papers, namely Fekadu et al.[32] and
Surya et al.[33] We included care sought in the private and public sectors, mapping primary care level
to the levels LO and L1 defined in the papers. The former suggested 89.6% of children initially seek
care at primary level in Ethiopia; the latter that 92.8% of children initially seek care at primary level
in Indonesia. In the absence of data to inform uncertainty, and given the quality of this evidence for
our question, we assumed the 95% uncertainty interval was at +/- 10% points around the central

estimate.

15
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Summary of model parameters from review and distributions

Table A8 Parameters informed by analyses above

Name Distribution Description Source Mean (IQR)
0.024 (0.020 -
spont.sput.u5 |B(21.572,877.28) |Spontaneous sputum possible (0-4) |see methods 0.027)
Spontaneous sputum possible (5- 0.377 (0.254 -
spont.sput.o5 |B(2.59,4.07) 14) see methods 0.512)
Fraction of children 0.380 (0.363 -
Fbc.us B(137.19,223.84) |bacteriologically confirmable <5 |see methods 0.397)
Fraction of children 0.684 (0.659 -
Fbc.o5 B(97.76,45.12) bacteriologically confirmable 5-14 |see methods 0.711)
Prevalence of true TB in 0.625 (0.484 -
p_truetb B(3.10,1.85) presumptive see methods 0.783)
0.928 (0.908 -
spec.clinu3 B(83.25,6.75) Specificity of clinical dx Marais 2006[26] [0.945)
0.518 (0.482 -
sens.clinu3 B(46.62,43.38) Sensitivity of clinical dx Marais 2006[26] 0.554)
0.901 (0.878 -
spec.clin B(80.82,9.18) Specificity of clinical dx Marais 2006[26] [0-921)
0.627 (0.592 -
sens.clin B(56.34,33.66) Sensitivity of clinical dx Marais 2006[26] 0.661)
Proportion of first care-seeking at 0.896 (0.777 -
phcO_e B(31.18,3.62) PHC for Ethiopia Fekadu 2017[32] [0.973)
phcO_i B(22.89,1.78) Proportion of first care-seeking at | Surya 2017[33] | 0.928 (0.801 -
PHC for Indonesia 0.992)
Summary of other parameters
Parameters in common between countries from previous work
Most the of the CFR parameters are based on Jenkins et al.*
Table A9 Parameters informed by the literature review
Name Distribution Description Source Mean (IQR)
Jenkins et al
cfrontxY |LN(-3.96,0.64) |CFR children <5 on TB treatment |2017[1] 0.019 (0.012 - 0.029)
Jenkins et al
cfrontxO |LN(-4.82,0.48) CFR children 5-14 on TB treatment |2017[1] 0.008 (0.006 - 0.011)
CFR children <5 without TB Jenkins et al
cfrnotxY |LN(-0.83,0.08) treatment 2017[1] 0.436 (0.413 - 0.460)
CFR children 5-14 without TB Jenkins et al
cfrnotxO |LN(-1.90,0.12) treatment 2017[1] 0.149 (0.137 - 0.162)
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Parameters specific to Ethiopia
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r2 in particular was adjusted upwards after consultation to reflect a low confidence with child TB
diagnosis and management at primary level.

Table A10 Parameters specific to Ethiopia not included above

Name |Distribution Description Source Mean (IQR)
Based on fraction
fracu5 [B(7.504,12.47) Fraction of presumptive TB under 5 of WHO TB <5 [0.371 (0.300 - 0.447)
Referral PHC -> H after clinical re-
rl B(1,15) assessment following bac- Expert opinion  |0.045 (0.019 - 0.088)
Referral PHC -> H after initial clinical
r2 B(8,2) assessment w/o bac Expert opinion  |0.800 (0.728 - 0.899)
g.phc B(1,15) Clincial re-assessment, PHC Expert opinion  [0.045 (0.019 - 0.088)

Parameters specific to Indonesia

rl in particular was adjusted upwards after consultation to reflect a low confidence in bacteriologic
testing for child TB.

Table A1l Parameters specific to Indonesia not included above

Name |Distribution Description Source Mean (IQR)
based on fraction of
fracu5 [B(69.37,65.49) Fraction of presumptive TB under 5* [WHO TB <5 0.514 (0.485 - 0.543)
Referral PHC -> H after clinical re-
rl B(2,8) assessment following bac- Expert opinion 0.200 (0.107 - 0.272)
Referral PHC -> H after initial
r2 B(5,5) clinical assessment w/o bac Expert opinion 0.500(0.391 - 0.607)
g.phc B(1,15) Clincial re-assessment, PHC Expert opinion 0.045 (0.019 - 0.088)

* based on the proportion of TB cases under 5 among all child TB cases (<15y)

Other parameters based on assumption

Note: many of these parameters could potentially be made country-specific, but currently are not.

Table A12 Parameters without direct evidence based on assumptions

NAME |DISTRIBUTION |DESCRIPTION SOURCE [Mean (IQR)
Proportion of bacteriologically confirmed )

c.phc  |B(95,5) children initiating anti-TB treatment, PHC assumption (0.953 (0.937 - 0.966)
Proportion of bacteriologically confirmed

c.h B(95,5) children initiating anti-TB treatment, H assumption [0.953 (0.937 - 0.966)

e.phc B(1,15) Clinical re-assessment after bac-, PHC assumption [0.045 (0.019 - 0.088)

e.h B(1,15) Clinical re-assessment after bac-, H assumption [0.045 (0.019 - 0.088)

g.h B(1,15) Clinical re-assessment, H assumption |0.045 (0.019 - 0.088)
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r3

Referral PHC -> H after clinical re-assessment
B(5,5) w/o bac

assumption

0.500(0.391 - 0.607)
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Description approach to expert opinion

For parameters for which no data was found in published literature, our best estimate based on the
practical experience from the authors working in Ethiopia (AB and MG) and Indonesia (NK and RT)
was included. NK and RT are experienced pediatricians working in large tertiary care settings in
Indonesia. Both are active in the TB section of the Indonesian Association of Pediatricians, of which
currently is the chairperson. RT has ample research experience in the field of diagnosing childhood
TB in primary, secondary and tertiary care settings. AB and MG are both working for the local KCNV
office. AB is a pediatrician with experience in the clinical, research and programmatic settings. He is
a member of the Ethiopian Pediatric Association. MG is an senior M&E advisor with up-to-date
practical experience in rural and urban sites involved in childhood TB projects run by KNCV.

Data was needed to inform parameters on the proportion of children with bacteriologically confirmed
TB started on treatment (c.phc and c.h), the proportion clinically reassessed after initial
bacteriological exclusion of TB (e.phc and e.h), the proportion of children clinically reassessed after
short broad-course of antibiotics (g.phc and g.h), and about referrals from the primary to higher
(hospital) levels (r1, r2 and r3).

A data collection tool was distributed to the experts, in which per parameter, their best guess and the
minimum and maximum value they considered reasonable could be filled (Table). Then, several
online sessions were organized. The first session served to explain the data collection tool. The second
session served to discuss the completed tool and solve differences in opinion between the experts
where needed. A third session was organized to present the model output using the experts’ best
estimates. In this session, the set of parameters was further adapted to come to model outputs that
seemed reasonable for the country.
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Xpert Ultra stool testing to diagnose tuberculosis in children
in Ethiopia and Indonesia: a model-based cost-effectiveness
analysis.

Appendix 2b: Overview of cost parameters
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Table A2 Comparison of estimated unit costs for diagnostic visit, sputum collection,
smear microscopy examination and XpertMTB/RIF test with recently published Better
estimates of the costs of TB control (Value TB) project[13]. 10
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General costing assumptions

Identifying resources used

A careful review of the diagnostic and treatment algorithm for childhood TB for Ethiopia
(ETH)[1] and Indonesia (IDN)[2] was performed to identify resource use and costs associated
with the diagnosis and treatment for childhood TB in the current standard of care (SOC) and
under the intervention of using stool with Xpert for the diagnosis of TB (Figures 1-3). The
main activities in both the SOC and the intervention included symptom-based screening for
TB, clinical evaluation, sample collection, bacteriological examination, radiological
examination, empiric antibiotic therapy to exclude other diseases, treatment initiation for
diagnosed TB cases, TB treatment follow-up and TB treatment monitoring laboratory tests.
The following cost components were identified; health facility visit (for TB screening,
rescreening, diagnosis and treatment), sample collection (spontaneous sputum, stool),
bacteriological examination (smear microscopy, GeneXpert), and medicines (anti-TB
medicines, pyridoxine).

CI‘B is suspected on basis of typical and persistent symptoms J

Sputum smear/ Xpert negative ” l
positive Sputum smear or

or not done
Xpert test

1

* Positive contat history
* Physical signs suggestive of PTB
* Chest radiograph (CXR) suggestive of PTB

1

If only one or none of the
features are present

Make a diagnosis of
TB if two or more of
these features are

l present
If child is sick, Admit/ o e l <3
refer to hospital for chila well, Re-
further investigation view after 2-4 TREAT FOR TB
weeks

and management.

Figure 1. Algorithm for diagnosis of tuberculosis in HIV uninfected children in Ethiopia[1]

Measuring resource utilization

The quantities of each resource type consumed in the diagnostic and treatment algorithm for
childhood TB was informed by the national guidelines for the management of childhood TB
in each country (Figures 1-3). Local TB experts collaborating with KNCV on childhood TB
related studies provided country-specific input on resource use.
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EI‘B is suspected on basis of typical and persistent symptoms j

” l

Sputum smear/ Xpert negative

or not done Sputum smear/ Xpert positive

1

( Consider contact history )
Contact is smear/ Xpert Contact is smear/
negative or not done Xpert Positive
v
- _ hd
Physical signs and ¥

: i Physical signs or
CXR suggest other Y g
diagnosis, manage CXR suggestive of —)| TREAT FOR TB
accordingly PTB diagnosis

Figure 2. Algorithm for diagnosis of tuberculosis in HIV-infected children in Ethiopia[1]

Valuation of resources

The costs for each resource were estimated by attaching monetary values using relevant unit
costs for each country. Summing up these costs (per patient) gives an estimate of the total
cost. All costs were estimated from the healthcare provider’s perspective and are reported in
2019 USD. Historical costs were adjusted for inflation to 2019 prices using relevant GDP
deflators[3] and costs from other countries were transferred to Ethiopia and Indonesia by
applying relevant purchasing power parity conversion factors[3]. Costs were assumed to
accrue in the present, with no discounting applied. The following costs were estimated.

Clinical assessment

This cost comprises of the cost of clinical assessment to investigate children with
presumptive TB and the cost associated with collecting the necessary samples for
bacteriological evaluation.

TB assessment at health centre

We assumed the cost for the initial TB assessment at the primary health centre to be
equivalent to the country-specific cost of two outpatient visits (range; 1-3 visits) to a health
centre with no beds based on WHO-CHOICE estimates[4]. This equates to $10.22 (95% Ul,
4.93-15.50) in ETH and $43.35 (95% Ul; 19.11-67.59) in IDN.
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Child with one or more TB suggestive symptom(s):

*  Cough = 2 weeks

*  Fever 2 2 weeks

* Body weight did not increase or has decreased in past 2 months
*  Malaise 22 weeks

* Symptoms persist despite adequate treatment

Results of sputum smear
microscopy/ Xpert MTB/Rif

f v
k.
Positive Negative l Not available |
|
|
:

Access to X-ray No access to X-
and/or TST ray nor to TST
| Use scoring system |
[
v )
TST+ or TST- or no
contact with contact with
pulmonary TB adult pulmonary
patient TB patient
v v
B+TB Clinically Contact with No/uncle?r
. adult pTB contact with
diagnose TB ) .
patient adult pTB patient
_____________________________ Observation for
2 weeks
______________________________ Symptoms Symptoms
persist resolved

TB treatment

Figure 3. Algorithm for diagnosis of tuberculosis in children in Indonesia[2]

TB assessment at hospital

Similarly, we assumed the cost for the initial TB assessment at the hospital to be equivalent
to the country-specific cost of two outpatient visits (range; 1-3 visits) to a primary hospital,
defined as a ‘hospitals intended primarily for treating simple cases (e.g. “district hospital”)’
[4]. This results in an estimate of $14.37 (95% Ul; 7.79-20.96) in ETH and $61.00 (95% U,
30.76-91.23) in IDN. The costs of tuberculin skin test (TST) and chest X-ray were separately
addressed (see below).
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TST

The Indonesian NTP uses a scoring system for the diagnosis of TB if a bacteriological
diagnosis cannot be made (Figure 1). The scoring system uses a combination of tuberculin
skin test (TST) results, chest X-ray results (CXR), symptoms and history of contact with TB
patients (Table 1). TST and CXR are often not available especially at the primary health
centres, hence these costs are currently not modelled.

CXR

The unit cost for CXR for Ethiopia ($8.75) was based on the cost per radiograph reported by
the Ethiopian NTP[5]. The unit cost applied for CXR for Indonesia ($11.52) was based on a
previous MSH estimate[6]. This cost is applied to a proportion of children assessed at the
hospital (80-90%) only since chest X-rays are not available at the primary health centres.

Sample collection

Availability of advanced sample collection procedures is generally limited in both countries,
with sputum induction occurring only in big hospitals in Indonesia and nasogastric aspiration
only available at big teaching hospitals in Ethiopia. We assumed only self-expectorated
sample collection is available and applied the adjusted unit costs for collecting two samples
for testing with smear microscopy ($4.64 in ETH and $3.48 in IDN) or one sample for testing
with GeneXpert ($2.32 in ETH and $1.74 in IDN) per child based on a study done in adults in
South Africa [7]. The unit costs applied for procedures for collecting a single stool sample
($1.67) in the intervention are based on estimates provided by the Paediatric Operational
Sustainability Expertise Exchange group (POSEE group) [8]. The POSEE group developed a
budgeting tool to assist national TB programs in estimating the costs related to the
procurement of devices and consumables needed for sample collection in the paediatric
population. These POSEE group cost estimates currently exclude staff, space, training,
sample transportation and overheads costs.

Bacteriological assessment

The cost for bacteriological assessment for TB comprises of the costs of testing using either a
sputum smear microscopy (SSM) examination or a single GeneXpert test, depending on the
availability of the test at each level of care (primary health centre versus hospital) in Ethiopia
and Indonesia. Bacteriological testing with the GeneXpert is not widely available in both
countries and most testing centres use sputum smear microscopy while some centres refer
samples to a GeneXpert testing facility. We therefore assumed sole use of smear microscopy
in both countries in the standard of care where two samples are collected for testing in the
base case.

Sputum smear microscopy (SSM) examination

The unit cost for SSM for Ethiopia was based on the microscopy cost per test ($1.50)
reported by the Ethiopian NTP[5] resulting in an adjusted cost of $1.69. The unit cost for
SSM in Indonesia ($3.77) was based on a previous MSH estimate[6].

GeneXpert test

The unit cost for the GeneXpert test was estimated based on country specific data available
from the OneHealth Tool[9]. These data include staff times, staff salaries, the Xpert cartridge
and consumables. The cost of the GeneXpert equipment was estimated based on the
procurement cost of the Xpert MTB/RIF 4-module machine and its annual maintenance cost
available from the Global Drug Facility[10]. Costs associated with unused GeneXpert
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equipment capacity were estimated by accounting for the number of tests performed per day
in relation to an assumed daily maximum capacity of 16 tests[11]. Overhead costs were
estimated as 5% of the total direct costs based on recent studies showing overhead costs
contributing 1-10% of total Xpert costs[11-13]. The estimated unit costs for the GeneXpert
test are $ 26.04 (95% Ul; 18.95-33.13) for ETH and $23.70 (95% Ul; 16.59-30.81) for IDN.

Clinical (re-) assessment
This cost comprised of the cost of clinical re-assessment of children with significant clinical
manifestations of TB following exclusion of TB during the initial assessment.

TB reassessment at health centre

We assumed the cost for TB re-assessment at the primary health centre to be equivalent to the
country-specific cost of a single outpatient visit to a health centre with no beds[4]. This
equated to $5.11 (95% Ul; 2.86-7.35) in ETH and $21.68 (95% Ul; 11.16-32.19) in IDN.

TB reassessment at hospital

Similarly, we assumed the cost for TB re-assessment at the hospital to be equivalent to the
country-specific cost of a single outpatient visit to a primary hospital, defined as a ‘hospitals
intended primarily for treating simple cases (e.g. “district hospital)’ [4]. This resulted in an
estimate of $7.19 (95% Ul; 4.51-9.87) in ETH and $30.50 (95% Ul; 17.84-43.16) in IDN.

TB treatment

Treatment cost for bacteriologically confirmed TB comprises of the cost of anti-tuberculosis
drugs including pyridoxine, the costs of follow-up visits (drug pickups or medical review) at
the healthcare facilities and costs of laboratory monitoring.

TB treatment medications

The costs of anti-tuberculosis drugs and pyridoxine were estimated using weight band based
dosing and applying unit costs available from the Global Drug Facility[14]. We assumed a
treatment duration of 6 months. This resulted in the following costs: $11.38, $22.77, $34.15,
and $45.54 for children in the weight bands 4-7kg, 8-11kg, 12-15kg and 16-24kg,
respectively. The cost of pyridoxine for the duration of TB treatment was estimated to be
$2.52[14].

TB treatment follow-up at health centre

We assume the cost for each TB treatment follow-up visit at the primary health centre to be
equivalent to the country-specific cost of a single outpatient visit to a health centre with no
beds (see above)[4]. This unit cost was multiplied by the number of follow-up visits dictated
by the national TB treatment algorithm to estimate the total cost for TB treatment follow-up.
Based on input from the local TB experts, we assumed 6 follow-up visits per child on TB
treatment in IND and 72 follow-up visits per child on TB treatment in ETH where clinic-
based directly observed therapy is used in children. This resulted in the TB treatment follow-
up cost at the health centre of $367.76 (95% Ul; 167.54-814.45) in ETH and $130.05 (95%
Ul; 55.51-307.92) in IDN.

TB treatment follow-up at hospital
Similarly, we assumed the cost for each TB treatment follow-up visit at the hospital to be
equivalent to the country-specific cost of a single outpatient visit to a primary hospital,
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defined as a ‘hospitals intended primarily for treating simple cases (e.g. “district hospital’)’
[4]. This unit cost was multiplied by the number of follow-up visits to estimate the total cost
for TB treatment follow-up. Based on input from the two local TB experts, we assumed 6
follow-up visits per child on TB treatment in IND and 72 follow-up visits per child on TB
treatment in ETH where directly observed therapy is used in children. This resulted in the TB
treatment follow-up cost of $517.48 (95% Ul; 261.52-1033.08) in ETH and $183.00 (95%
Ul; 86.65-390.58) in IDN.

Laboratory monitoring

Laboratory monitoring is usually not done in children, unless they can spontaneously
expectorate a sample. This is only the case for a certain proportion of the oldest age group,
which is likely lower than the estimate that we use for the oldest age class (see Table A8 in
Appendix 2a). Therefore, we currently do not include the cost of laboratory monitoring in our
analysis.

Comparison with other cost estimates

We evaluated the accuracy of our unit cost estimates by comparing them to the recently
published cost estimates for Ethiopia by the Better estimates of the costs of TB control
(\Value TB) project[15]. We compared the unit costs for a diagnostic visit, sputum sample
collection, sputum smear microscopy examination, XpertMTB/RIF test and treatment
monitoring visit. Although not exactly the same, our unit costs were quite comparable to the
Value-TB cost estimates.
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Table Al Costs for Ethiopia & Indonesia

Cost Ethiopia Indonesia References
parameter |Description
TB clinical 10.22 (4.93 - 15.50) 43.35 (19.11 - 67.59) [4]
c_a_phc assessment at
c_clinphc  Iheaith centre
¢ e _phc TB clinical 5.11 (2.86 - 7.35) 21.68 (11.16 - 32.19) [4]
c_g.phc reassessment at
health centre
¢_b.phc.sess Self- 2.32 (1.74 - 2.90) 1.74 (1.30 - 2.17) [8]
expectorated
c_b.h.sess
- sputum sample
c_b.phc.ss Stool sample 1.67 (1.25 - 2.09) 1.67 (1.25 - 2.09) [8]
c_b.h.ss
¢_b.phe.ssm ip:g:gg;;mear 3.39 (1.94 - 4.83) 7.54 (5.96 - 9.12) [5, 6]
c_b.h.ssm by
¢_b.phc.xpert GeneXpert test |26.04 (18.95 - 33.13) 23.70 (16.59 - 30.81) Estimated
c_b.h.xpert based on data
from
OneHealth
Tool[9]
C_Z.prr:c TB treatment at 396.22 (220.27 - 572.18)(158.51 (81.18 - 235.85) [4, 14]
¢_d.phe health centre
c_f.phc
c_h.phc
c_ah TB clinical 14.37 (7.79 - 20.96) 61.00 (30.76 - 91.23) [4]
c_clin.h assessment at
hospital
c_eh TB clinical 7.19 (4.51-9.87) 30.50 (17.84 - 43.16) [4]
c_g.h reassessment at
hospital
c_c.h TB treatment at |396.22 (220.27 - 572.18)|158.51 (81.18 - 235.85) [4, 14]
c_fh hospital
c d.h
c_h.h
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Table A2 Comparison of estimated unit costs for diagnostic visit, sputum collection, smear microscopy exam

BMJ Open

recently published Better estimates of the costs of TB control (Value TB) project[13].

T U0 88£950-T202-uadolwa/9s

ation and XpertMTB/RIF test with

Country Diagnostic visit Sputum collection Smear mi&i‘oscopy XpertMTB/RIF test
examinatign
Health centre ETH 5.84 (1.14-18.14) 4.64 1.69 (2.40-8.96) 26.47 (16.67-49.03)
IND 9.91 (1.89-30.54) 4.22 3.77 S 27.07 (17.04-49.40)
Value-TB ETH 3.33 (1.00-9.18) 3.28 (1-7.77) 4.53 (1.0030.30) 20.83 (16-26.69)
Primary hospital ETH 5.84 (1.61-26.39) 4.64 1.69 (2.40-2.96) 26.47 (16.67-49.03)
IND 9.91 (2.75-18.76) 4.22 3.77 o 27.07 (17.04-49.40)
Value-TB ETH 6.41 (1-14.66) 5.12 (3.00-6.91) 6.24 (4.00-8.43) 37.87 (19-57.78)
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Appendix 3: Supplementary results
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Age 0-4 years
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Cost-effectiveness acceptability curves
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Age 0-4 years
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Results for 5% discount rate sensitivity analysis
Age-specific results
All ages: 0-14 years
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Comparison of ICERs for sensitivity analyses
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Additional results for base case analysis

Age-specific results

Age 0-4 years
Table Al Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated): Standard of care

children with true TB 455 (8.7 - 85.0)
assessments 208.1 (172.8 - 241.7)

bacteriological

investigations 34(21-4.9)

anti-TB treatments (ATT) 36.6 (15.3 - 59.7)
ATT initiated at PHC 68.3 (59.6 - 75.7)

percent of true-positive

receiving ATT 66.2 (55.9 - 75.4)

percent of ATT

bacteriologically

confirmed 0.6 (0.3-1.0)
percent of ATT false-

positive 21.7 (2.4 - 65.8)
referrals, inc. self-

referrals 40.1 (28.3-51.7)
deaths 75(1.4-15.2)

life-years lost 205.9 (37.9 - 418.6)

17934.1 (7124.0 -
cost 35159.0)

Intervention

455 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4 (204 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (1.4-14.7)

202.4 (37.5 - 405.7)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.7 (32.9 - 55.1)

99.8 (84.3 - 109.1)

-0.2(-2.8-2.7)

12.7 (8.0 - 17.4)

0.7 (-3.4-5.1)

30.8 (19.9 - 41.4)

1.0 (-4.2 - 1.9)

-25.4 (-33.2 - -17.4)
-0.1(-1.2-0.7)

-3.4 (-32.0 - 19.9)

-266.2 (-13326.6 -
12081.4)
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Table A2 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

209.4 (173.8 - 242.9)

3.4 (2.1-5.0)

36.8 (15.4 - 60.4)

70.1 (61.1 - 77.4)

66.6 (56.3 - 76.0)

0.6 (0.3 - 1.0)

21.8 (2.4 - 65.8)

415 (29.2 - 53.1)
7.4 (1.4-15.1)

209.8 (38.7 - 429.1)

13672.3 (7286.9 -
22370.9)

BMJ Open

Intervention

455 (8.7 - 85.0)

255.2 (219.1 - 289.2)

103.6 (88.2 - 113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4(20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (1.4 - 14.6)

207.8 (39.0 - 416.6)

14090.7 (8344.4 -
21727.0)

Difference

0.0 (0.0 - 0.0)

45.9 (33.8 - 56.0)

100.2 (84.9 - 109.5)

-0.3(-3.0 - 2.4)

13.4 (8.6 - 18.1)

0.4 (-3.7-4.8)

30.8 (20.0 - 41.3)

1.1 (-4.3-1.9)

-26.3 (-34.4 - -17.9)
-0.1(-1.1-0.8)

-2.0 (-31.0 - 23.2)

418.4 (-8064.8 - 9011.5)
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Age 5-14 years
Table A3 Ethiopia

oNOYTULT D WN =

9 Quantity per 100
children with
presumptive TB (unless
Intervention Difference

stated): Standard of care

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive

receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-

positive
referrals, inc. self-
referrals

deaths

life-years lost

cost

455 (8.7 - 85.0)

197.9 (169.6 - 225.2)

47.1(12.5-82.7)

29.6 (10.6 - 53.8)

74.6 (63.8 - 84.3)

53.6 (31.9 - 72.9)

145 (2.4 - 39.5)

21.6 (2.6 - 65.3)

23.1 (8.8 - 39.1)

3.4(0.6-7.4)

93.7 (16.9 - 203.0)

14407.8 (5303.7 -
29936.5)

455 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2 - 111.6)

42.6 (18.5 - 67.8)

82.4 (71.8 - 90.2)

76.8 (69.4 - 83.1)

33.7 (20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3-3.9)

52.5 (9.6 - 107.9)

20277.4 (8872.7 -
37127.0)

0.0 (0.0 - 0.0)

44.3 (24.8 - 62.7)

54.8 (16.5 - 91.1)

13.0 (1.5 - 30.3)

7.8 (2.1-12.9)

23.2 (5.1 - 45.4)

19.2 (-5.9 - 37.4)

0.8 (-2.5-6.2)

-0.7 (-22.7 - 4.4)

-1.5(-4.0 - -0.2)

-41.1 (-111.6 - -4.3)

5869.6 (-6634.5 -
19361.5)
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Table A4 Indonesia

Quantity per 100
children with

presumptive TB (unless

stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

198.8 (170.2 - 226.2)

47.3 (12.7 - 83.3)

29.6 (10.5 - 54.2)

77.2 (65.5 - 87.0)

53.6 (31.5 - 73.0)

14.1 (2.3 - 38.3)

21.7 (2.6 - 65.3)

23.9 (9.1 - 40.3)

3.4(0.6 - 7.4)

96.6 (17.4 - 210.3)

11270.2 (6013.6 -
18958.7)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (18,5 - 68.1)

85.1 (73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7 (20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5-21.2)

1.9 (0.4-3.9)

53.9 (10.0 - 111.1)

14987.1 (8815.0 -
23229.9)

Difference

0.0 (0.0 - 0.0)

455 (25.6 - 64.3)

54.9 (16.6 - 91.6)

13.1 (1.4 - 30.8)

7.9 (1.5 - 13.5)

23.3 (4.9 - 45.9)

195 (-4.9 - 37.4)

0.8 (-2.6 - 6.1)

-10.1(-23.7 - 4.3)

-15(-4.1--0.1)

-42.7 (-115.7 - -4.3)

3716.9 (-3812.4 -
10646.6)
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Cost-effectiveness acceptability curves

Cost Effectiveness Acceptability Curve

1.00 1

0.751

0.501

Probability of cost effectiveness

0.251

0.001

0 1,000 2,000 3,000 4,000
Willingness to pay

Figure Al Ethiopia

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

5,000

L

Y-

N Y

o~


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Cost Effectiveness Acceptability Curve

1.00 1

0.751

0.50 1

Probability of cost effectiveness

0.251

0.001

0 1,000 2,000 3,000 4,000
Willingness to pay

Figure A2 Indonesia

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

5,000

Page 80 of 107

L

Y-

N Y

o~


http://bmjopen.bmj.com/

Page 81 of 107

oNOYTULT D WN =

BMJ Open

Results for low prevalence sensitivity analysis

Age-specific results

All ages: 0-14 years

Table A5 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 - 42.5)

224.4 (203.7 - 248.1)

32.9 (9.7 - 60.1)

22.3 (11.0 - 35.6)

66.7 (56.8 - 76.9)

60.4 (44.3 - 74.6)

6.9 (15-17.2)

41.2 (17.1-79.8)

41.7 (22.6 - 60.9)
2.3(0.4-4.8)

64.0 (11.7 - 131.4)

11688.2 (5594.7 -
21367.9)

Intervention

22.8 (4.4 - 42.5)

260.5 (239.5 - 281.9)

98.3 (85.7 - 110.0)

25.5 (13.5 - 38.0)

84.0 (72.4 - 93.3)

71.2 (64.4 - 77.6)

29.0 (17.8 - 39.9)

39.7 (16.7 - 78.8)

9.4 (2.0 - 21.6)
2.1 (0.4 - 4.4)

57.3 (10.4 - 120.7)

12666.3 (6357.3 -
21679.1)

Difference

0.0 (0.0 - 0.0)

36.0 (22.2 - 53.2)

65.3 (36.2 - 91.3)

3.2 (-3.1-11.4)

17.3 (8.7 - 26.2)

10.8 (-2.7 - 27.7)

22.1 (9.7 - 34.0)

-15(-5.9-4.2)

-32.2 (-52.2 - -12.2)
-0.2 (-1.1-0.3)

-6.7 (-30.5- 9.3)

978.1 (-7407.9 - 9219.3)
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Table A6 Indonesia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB
assessments
bacteriological

investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive

receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

22.8 (4.4 - 42.5)

221.3 (204.3 - 239.6)

25.5 (8.1 - 43.9)

22.1 (11.2 - 34.2)

70.8 (61.5 - 78.1)

60.3 (48.2 - 71.4)

5.0(1.2-11.2)

40.8 (16.7 - 79.7)

38.2 (27.9 - 48.3)
2.7(0.5-5.4)

77.4 (14.7 - 155.1)

10894.9 (6314.8 -
17164.5)

BMJ Open

Intervention

22.8 (4.4 - 42.5)

271.1 (248.7 - 292.5)

105.5 (90.4 - 113.9)

26.0 (14.1 - 38.5)

82.7 (71.8 - 89.5)

71.8 (65.9 - 77.3)

28.7 (17.8 - 39.1)

40.5 (17.4 - 79.3)

17.4 (12.9 - 23.8)
2.3(0.4 - 4.6)

66.5 (12.4 - 132.3)

12513.6 (7709.2 -
18868.1)

Difference

0.0 (0.0 - 0.0)

49.8 (37.8 - 60.8)

80.0 (56.7 - 100.3)

4.0 (-0.4 - 9.9)

11.9 (7.2 - 16.4)

115 (1.8 - 23.1)

23.6 (13.1 - 34.3)

-0.3 (-4.1 - 5.0)

-20.8 (-29.8 - -10.8)
-0.4 (-1.1- 0.0)

-10.9 (-30.9 - 0.1)

1618.7 (-4945.3 -
8121.1)
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Age 0-4 years
Table A7 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

22.8 (4.4 - 42.5)

235.5 (209.9 - 262.1)

3.7 (2.3-55)

25.5 (12.3 - 39.3)

62.6 (53.4 - 72.7)

69.3 (57.6 - 79.5)

0.6 (0.3 - 1.0)

40.7 (14.3 - 80.7)

56.0 (35.1 - 73.4)
3.4(0.6-7.2)

94.9 (17.3 - 197.9)

13498.5 (6292.1 -
24528.2)

BMJ Open

Intervention

22.8 (4.4 - 42.5)

264.5 (244.8 - 284.9)

98.6 (86.2 - 110.5)

22.6 (11.0 - 34.7)

83.6 (71.9 - 93.1)

64.8 (55.8 - 73.1)

28.8 (17.8 - 39.7)

37.8(14.0 - 77.9)

9.8 (2.1-22.3)
3.9(0.7-7.8)

106.6 (19.9 - 213.9)

11443.3 (5638.1 -
19702.2)

Difference

0.0 (0.0 - 0.0)

29.0 (13.7 - 47.9)

94.8 (82.5 - 106.6)

-3.0 (-6.9 - 0.4)

21.0 (11.6 - 30.7)

-4.5 (-10.6 - 2.6)

28.2 (17.4 - 38.9)

-2.9(-6.6 - 1.8)

-46.2 (-64.8 - -25.7)
0.4 (-0.2 - 1.4)

11.7 (-6.3 - 37.5)

-2055.2 (-11147.7 -
5839.4)

10
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Table A8 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 - 42.5)

228.3 (208.1 - 249.0)

35(22-5.2)

24.4 (11.7 - 37.5)

67.8 (59.3 - 75.2)

66.6 (56.3 - 76.0)

0.5(0.3-1.0)

40.3 (14.1 - 80.3)

475 (38.8 - 55.3)
3.7(0.7-7.5)

104.9 (19.4 - 214.5)

11896.1 (6406.6 -
19196.8)

BMJ Open

Intervention

22.8 (4.4 - 42.5)

274.5 (252.9 - 294.7)

106.0 (90.9 - 114.3)

23.8 (11.8 - 36.2)

82.1 (715 - 88.8)

67.0 (58.5 - 74.8)

28.7 (17.6 - 39.6)

38.8 (14.6 - 78.5)

17.9 (13.4 - 24.4)
3.7(0.7-7.3)

103.9 (19.5 - 208.3)

12176.0 (7451.0 -
18467.1)

Difference

0.0 (0.0 - 0.0)

46.2 (34.0 - 55.8)

102.5 (87.3 - 110.8)

-0.6 (-3.0 - 1.4)

14.2 (9.1 - 18.9)

0.4 (-3.7 - 4.8)

28.1 (17.2 - 38.9)

-15(-4.8-3.1)

-29.6 (-35.9 - -22.1)
-0.0 (-0.5 - 0.4)

-1.0 (-15.5 - 11.6)

279.8 (-7399.6 - 7997.8)

11

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 84 of 107

L

Y-

N Y

o~


http://bmjopen.bmj.com/

Page 85 of 107

oNOYTULT D WN =

Age 5-14 years
Table A9 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 - 42.5)

217.8 (198.9 - 241.4)

50.4 (13.8 - 85.9)

20.3(8.1-35.7)

70.2 (58.8 - 81.9)

55.1 (32.5 - 75.7)

12.7 (2.1 - 35.4)

40.6 (15.3 - 80.4)

33.1(12.2 - 55.5)

1.6 (0.3 - 3.6)

455 (8.0 - 100.0)

10603.2 (4477.3 -
20733.1)

BMJ Open

Intervention

22.8 (4.4 - 42.5)

258.0 (236.2 - 280.4)

98.1 (85.4 - 109.7)

27.2 (14.0 - 40.7)

84.2 (72.7 - 93.4)

75.1 (67.2 - 82.0)

29.4 (16.9 - 41.7)

40.2 (16.0 - 79.7)

9.2 (1.9-21.2)

1.0 (0.2 - 2.1)

27.7 (5.1 - 57.5)

13401.2 (6616.6 -
22999.5)

Difference

0.0 (0.0 - 0.0)

40.3 (25.0 - 58.7)

47.6 (10.1 - 85.7)

6.9 (-2.2 - 18.6)

14.1 (4.7 - 23.9)

20.0 (0.5 - 43.3)

16.6 (-5.9 - 33.0)

-0.4 (-5.3 - 6.7)

-23.8 (-47.1 - -1.3)

-0.6 (-1.9 - -0.0)

-17.8 (-51.9 - -0.3)

2798.0 (-6051.3 -
11513.5)
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Table A10 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

22.8 (4.4 - 42.5)

213.8 (198.0 - 233.1)

48.9 (13.3 - 84.6)

19.6 (7.9 - 34.4)

75.1 (63.7 - 85.5)

53.6 (31.5 - 73.0)

12.2 (1.9 - 34.3)

40.2 (15.1 - 79.9)

28.3 (11.5 - 44.1)

1.7 (0.3-3.7)

48.3 (8.7 - 105.1)

9830.4 (5352.0 -
15979.3)

BMJ Open

Intervention

22.8 (4.4 - 42.5)

267.4 (243.3 - 290.7)

105.1 (89.9 - 113.6)

28.5 (15.0 - 42.2)

83.2 (72.2 - 90.3)

76.9 (69.6 - 83.3)

29.1 (16.6 - 41.3)

41.4 (16.8 - 80.4)

16.9 (12.3-23.3)

0.9 (0.2 - 2.0)

26.9 (5.0 - 55.6)

12871.7 (7911.6 -
19463.3)

Difference

0.0 (0.0 - 0.0)

53.6 (39.5 - 69.5)

56.2 (18.0 - 93.5)

8.8 (0.5 - 20.4)

8.1(0.7 - 14.4)

23.3 (4.9 - 45.9)

16.9 (-4.8 - 33.0)

1.2 (-3.2-8.0)

-11.4 (-26.4 - 5.6)

-0.8 (-2.0 - -0.1)

-21.4 (-57.9 - -2.1)

3041.3 (-3390.0 -
8592.6)

13
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BMJ Open

Results for Xpert baseline sensitivity analysis

Age-specific results

All ages: 0-14 years

Table A1l Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

199.4 (168.3 - 230.2)

30.7 (8.7 - 57.5)

34.3 (14.2 - 56.8)

73.6 (63.9 - 81.8)

62.6 (51.4 - 72.7)

14.0 (3.0 - 32.6)

21.3 (2.7 - 63.8)

29.5 (17.0 - 42.9)
4.6 (0.9 - 9.4)

127.7 (23.8 - 260.7)

16678.2 (6843.1 -
32205.5)

Intervention

455 (8.7 - 85.0)

246.2 (207.3 - 283.3)

102.3 (86.8 - 112.0)

40.3 (17.6 - 64.4)

81.9 (71.6 - 89.5)

73.0 (66.7 - 78.8)

32.8(20.7 -44.1)

21.9 (2.9 - 64.9)

13.8 (8.0 - 21.0)
3.9(0.7-8.3)

108.7 (19.7 - 228.5)

19297.7 (8413.8 -
35444.7)

Difference

0.0 (0.0 - 0.0)

46.8 (33.2 - 59.9)

71.7 (415 - 96.3)

6.0 (0.1 - 15.0)

8.4 (3.2-13.2)

10.5 (1.6 - 22.0)

18.8 (-0.2 - 34.6)

0.6 (-2.4 - 5.1)

-15.6 (-25.8 - -4.9)
-0.7 (-2.0- 0.0)

-19.0 (-55.1- 0.1)

2619.5 (-9141.3 -
14513.1)

14
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Table A12 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

202.3 (170.6 - 232.9)

24.7 (7.8 - 43.2)

35.1 (14.8 - 57.5)

74.4 (64.7 - 81.7)

63.8 (54.3 - 72.8)

10.7 (2.6 - 22.7)

21.6 (2.7 - 64.4)

33.0 (21.5 - 45.5)
5.2 (1.0 - 10.3)

147.8 (28.1 - 294.2)

12852.5 (7260.6 -
20698.7)

BMJ Open

Intervention

455 (8.7 - 85.0)

249.9 (211.2 - 286.5)

103.0 (87.5 - 112.6)

39.5 (17.1 - 63.3)

84.4 (73.2-91.2)

71.8 (65.9 - 77.3)

32.5(20.9 - 43.4)

21.8 (2.9 - 64.6)

145 (8.6 - 21.7)
4.7 (0.9-9.3)

133.1 (24.7 - 264.6)

14525.7 (8603.6 -
22403.0)

Difference

0.0 (0.0 - 0.0)

47.7 (34.7 - 59.6)

78.2 (54.5 - 98.4)

4.4 (-0.4 - 11.1)

10.0 (5.4 - 14.6)

8.0 (0.6 - 16.6)

21.7 (7.7 - 35.3)

0.2 (-2.8-4.2)

-18.4 (-27.6 - -9.5)
-0.5(-1.6- 0.1)

-14.7 (-45.7 - 3.5)

1673.3 (-5630.9 -
8936.4)
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Age 0-4 years
Table A13 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

208.0 (172.6 - 241.6)

3.4 (2.1-4.9)

36.7 (15.4 - 59.9)

68.4 (59.7 - 75.8)

66.5 (56.2 - 75.7)

1.1(05-1.7)

21.7 (2.4 - 65.7)

40.1 (28.3-51.7)
7.4 (1.4-15.1)

204.3 (37.6 - 416.1)

18004.2 (7149.6 -
35253.8)

BMJ Open

Intervention

455 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (1.4-14.7)

202.4 (37.5 - 405.7)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.9 (33.1 - 55.2)

99.8 (84.3 - 109.1)

-0.3(-2.9 - 2.5)

12.6 (7.9 - 17.2)

0.3 (-3.7-4.8)

30.3 (19.7 - 41.0)

-1.0 (-4.1-1.9)

-25.4 (-33.2 - -17.4)
-0.1(-1.1-0.8)

-1.8 (-29.6 - 21.8)

-336.2 (-13382.6 -
11963.8)

16
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Table Al4 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments (ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

209.2 (173.5 - 242.9)

3.4(2.1-5.0)

37.0 (15.5 - 60.7)

70.3 (61.3 - 77.5)

67.0 (56.6 - 76.3)

1.1(05-1.7)

21.8 (2.4 - 65.7)

415 (29.2 - 53.1)
7.3 (1.4-15.0)

208.1 (38.4 - 426.3)

13704.3 (7307.0 -
22423.2)

BMJ Open

Intervention

45.5 (8.7 - 85.0)

255.2 (219.1 - 289.2)

103.6 (88.2 - 113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4 (20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (1.4 - 14.6)

207.8 (39.0 - 416.6)

14090.7 (8344.4 -
21727.0)

Difference

0.0 (0.0 - 0.0)

46.1 (34.0 - 56.2)

100.2 (84.9 - 109.5)

-0.5(-3.1-2.2)

13.3 (8.4 - 17.9)

0.1(-3.9 - 4.5)

30.3 (19.6 - 40.9)

-1.0 (-4.2- 1.9)

-26.3 (-34.4 - -17.9)
-0.0 (-1.0-0.9)

-0.3 (-28.4 - 25.5)

386.4 (-8103.9 - 8967.9)
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Age 5-14 years
Table A15 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments (ATT)
ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

194.2 (164.3 - 224.2)

47.1 (12,5 - 82.7)

32.9 (12.5 - 56.8)

77.2 (66.1 - 87.6)

60.2 (44.6 - 74.9)

235 (4.2 - 56.3)

20.7 (2.5 - 64.1)

23.0 (8.8 - 39.1)

3.0 (0.6-6.3)

81.8 (15.2 - 172.9)

15884.6 (6196.1 -
31393.0)

BMJ Open

Intervention

455 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2 - 111.6)

42.6 (18.5 - 67.8)

82.4 (71.8 - 90.2)

76.8 (69.4 - 83.1)

33.7 (20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3-3.9)

52.5 (9.6 - 107.9)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

48.0 (31.6 - 65.4)

54.8 (16.5 - 91.1)

9.7 (0.9 - 22.5)

5.2 (-2.2-11.8)

16.5 (3.3 - 32.6)

10.2 (-22.8 - 33.6)

1.7 (-1.9-83)
-0.7 (-22.7 - 4.4)
-1.1(-2.9--0.1)

-29.3 (-80.4 - -2.9)

4392.8 (-7520.5 -
16511.0)
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Table A16 Indonesia

Quantity per 100
children with
presumptive TB (unless

stated): Standard of care

children with true TB 45.5 (8.7 - 85.0)

assessments 194.9 (164.8 - 225.1)

bacteriological

investigations 47.3 (12.7 - 83.3)

anti-TB treatments (ATT) 33.1 (12.6 - 57.0)

ATT initiated at PHC ~ 79.6 (67.8 - 90.1)

percent of true-positive

receiving ATT 60.5 (44.7 - 75.1)

percent of ATT

bacteriologically

confirmed 23.5(4.3-56.3)
percent of ATT false-

positive 20.8 (2.5-64.3)

referrals, inc. self-referrals 23.8 (9.0 - 40.3)
deaths 2.9(0.6-6.3)
life-years lost 83.9 (15.8 - 178.7)

11945.9 (6523.9 -
cost 19684.3)

BMJ Open

Intervention

455 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (185 - 68.1)

85.1 (73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7 (20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5 - 21.2)

1.9 (0.4 - 3.9)

53.9 (10.0 - 111.1)

14987.1 (8815.0 -
23229.9)

Difference

0.0 (0.0 - 0.0)

49.4 (32.8 - 67.1)

54.9 (16.6 - 91.6)

9.7 (0.8 - 22.5)

5.5 (-2.4 - 12.6)

16.5 (3.1 - 32.6)

10.2 (-22.6 - 33.6)

1.7 (-1.9 - 8.3)

-10.1 (-23.7 - 4.3)

-1.1(-2.9--0.1)

-30.1 (-83.3 - -2.7)

3041.3 (-4161.7 - 9508.2)
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BMJ Open

Results for 0% discount rate sensitivity analysis

Age-specific results

All ages: 0-14 years
Table Al17 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

201.8 (171.8 - 230.9)

30.7 (8.7 - 57.5)

32.2 (13.2 - 54.5)

71.8 (62.3 - 79.6)

58.3 (43.0 - 71.1)

8.0 (1.7 - 19.8)

21.9 (2.8 - 64.6)

29.5 (17.0 - 42.9)

4.9 (0.9 - 10.0)

339.1 (62.7 - 692.0)

15729.4 (6368.3 -
31027.5)

Intervention

455 (8.7 - 85.0)

246.2 (207.3 - 283.3)

102.3 (86.8 - 112.0)

40.3 (17.6 - 64.4)

81.9 (71.6 - 89.5)

73.0 (66.7 - 78.8)

32.8 (20.7 - 44.1)

21.9 (2.9 - 64.9)

13.8 (8.0 - 21.0)

3.9(0.7-8.3)

271.6 (49.2 - 570.9)

19297.7 (8413.8 -
35444.7)

Difference

0.0 (0.0 - 0.0)

44.4 (29.5 - 58.1)

71.7 (415 - 96.3)

8.1 (0.6 - 20.3)

10.1 (5.8 - 14.2)

14.7 (2.8 - 30.5)

24.8 (10.6 - 37.8)

0.0 (-3.0 - 4.0)

-15.6 (-25.8 - -4.9)

-1.0 (-2.8 - -0.1)

-67.5 (-189.8 - -4.1)

3568.3 (-8472.2 -
16311.6)
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Table A18 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

204.2 (173.4 - 233.5)

24.7 (7.8 - 43.2)

33.3 (14.1 - 55.3)

73.0 (63.2 - 80.3)

60.3 (48.2 - 71.4)

5.9 (1.4 - 12.9)

22.0 (2.8 - 65.1)

33.0 (21.5 - 45.5)
5.4 (1.0 - 10.9)

391.6 (74.2 - 784.5)

12508.1 (7056.4 -
20279.0)

BMJ Open

Intervention

455 (8.7 - 85.0)

249.9 (211.2 - 286.5)

103.0 (87.5 - 112.6)

39.5 (17.1 - 63.3)

84.4 (73.2-91.2)

71.8 (65.9 - 77.3)

32.5(20.9 - 43.4)

21.8 (2.9 - 64.6)

145 (8.6 - 21.7)
4.7 (0.9-9.3)

336.7 (62.6 - 669.4)

14525.7 (8603.6 -
22403.0)

Difference

0.0 (0.0 - 0.0)

45.7 (31.9 - 58.0)

78.2 (54.5 - 98.4)

6.2 (0.1 - 15.2)

11.3(7.1-15.4)

115 (1.8 - 23.1)

26.6 (14.9 - 38.2)

-0.3(-3.5-3.5)

-18.4 (-27.6 - -9.6)
-0.8(-2.2 - 0.0)

-55.0 (-156.1 - 0.6)

2017.6 (-5421.3 -
9470.6)
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Age 0-4 years
Table A19 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB
assessments
bacteriological

investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive

receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

208.1 (172.8 - 241.7)

3.4 (2.1-4.9)

36.6 (15.3 - 59.7)

68.3 (59.6 - 75.7)

66.2 (55.9 - 75.4)

0.6 (0.3-1.0)

21.7 (2.4 - 65.8)

40.1 (28.3 - 51.7)
7.5(1.4-15.2)

514.5 (94.8 - 1046.0)

17934.1 (7124.0 -
35159.0)

BMJ Open

Intervention

455 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

147 (9.1- 21.8)
7.3 (1.4-14.7)

505.9 (93.8 - 1013.6)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.7 (32.9 - 55.1)

99.8 (84.3 - 109.1)

0.2 (-2.8-2.7)

12.7 (8.0 - 17.4)

0.7 (-3.4-5.1)

30.8 (19.9 - 41.4)

1.0 (-4.2 - 1.9)

-25.4 (-33.2 - -17.4)
-0.1(-1.2-0.7)

-8.6 (-79.9 - 49.8)

-266.2 (-13326.6 -
12081.4)
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Table A20 Indonesia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

209.4 (173.8 - 242.9)

3.4(2.1-5.0)

36.8 (15.4 - 60.4)

70.1 (61.1 - 77.4)

66.6 (56.3 - 76.0)

0.6 (0.3 - 1.0)

21.8 (2.4 - 65.8)

415 (29.2 - 53.1)
7.4 (1.4-15.1)

530.6 (97.9 - 1085.3)

13672.3 (7286.9 -
22370.9)

BMJ Open

Intervention

455 (8.7 - 85.0)

255.2 (219.1 - 289.2)

103.6 (88.2 - 113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4 (20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (1.4 - 14.6)

525.6 (98.7 - 1053.7)

14090.7 (8344.4 -
21727.0)

Difference

0.0 (0.0 - 0.0)

45.9 (33.8 - 56.0)

100.2 (84.9 - 109.5)

-0.3 (-3.0 - 2.4)

13.4 (8.6 - 18.1)

0.4 (-3.7-4.8)

30.8 (20.0 - 41.3)

-1.1(-43-1.9)

-26.3 (-34.4 - -17.9)
-0.1(-1.1-0.8)

-5.0 (-78.3 - 58.6)

418.4 (-8064.8 - 9011.5)
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Age 5-14 years
Table A21 Ethiopia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

197.9 (169.6 - 225.2)

47.1 (12.5-82.7)

29.6 (10.6 - 53.8)

74.6 (63.8 - 84.3)

53.6 (31.9 - 72.9)

14.5 (2.4 - 39.5)

21.6 (2.6 - 65.3)

23.1 (8.8 - 39.1)

3.4(0.6-7.4)

234.0 (42.2 - 507.3)

14407.8 (5303.7 -
29936.5)

BMJ Open

Intervention

455 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2 - 111.6)

42.6 (18.5 - 67.8)

82.4 (71.8 - 90.2)

76.8 (69.4 - 83.1)

33.7 (20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3 - 3.9)

131.2 (24.1 - 269.5)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

44.3 (24.8 - 62.7)

54.8 (16.5 - 91.1)

13.0 (1.5 - 30.3)

7.8 (2.1-12.9)

23.2 (5.1 - 45.4)

19.2 (-5.9 - 37.4)

0.8 (-2.5-6.2)
-0.7 (-22.7 - 4.4)
-1.5 (-4.0 - -0.2)

-102.8 (-278.9 - -10.6)

5869.6 (-6634.5 -
19361.5)
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Table A22 Indonesia

Quantity per 100
children with
presumptive TB
(unless stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

45.5 (8.7 - 85.0)

198.8 (170.2 - 226.2)

47.3 (12.7 - 83.3)

29.6 (10.5 - 54.2)

77.2 (65.5 - 87.0)

53.6 (31.5 - 73.0)

14.1 (2.3 - 38.3)

21.7 (2.6 - 65.3)

23.9 (9.1-40.3)

3.4 (0.6 - 7.4)

244.3 (44.1 - 531.9)

11270.2 (6013.6 -
18958.7)

BMJ Open

Intervention

455 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (185 - 68.1)

85.1 (73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7 (20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5-21.2)

1.9 (0.4 - 3.9)

136.3 (25.4 - 281.0)

14987.1 (8815.0 -
23229.9)

Difference

0.0 (0.0 - 0.0)

455 (25.6 - 64.3)

54.9 (16.6 - 91.6)

13.1 (1.4 - 30.8)

7.9 (15 - 13.5)

23.3 (4.9 - 45.9)

19.5 (-4.9 - 37.4)

0.8 (-2.6 - 6.1)

-10.1 (-23.7 - 4.3)

-15(-4.1--0.1)

-108.0 (-292.8 - -10.8)

3716.9 (-3812.4 -
10646.6)
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Results for 5% discount rate sensitivity analysis

Age-specific results

All ages: 0-14 years
Table A23 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

201.8 (171.8 - 230.9)

30.7 (8.7 - 57.5)

32.2 (13.2 - 54.5)

71.8 (62.3 - 79.6)

58.3 (43.0 - 71.1)

8.0 (1.7 - 19.8)

21.9 (2.8 - 64.6)

29.5 (17.0 - 42.9)

4.9 (0.9 - 10.0)

89.0 (16.5-181.7)

15729.4 (6368.3 -
31027.5)

Intervention

455 (8.7 - 85.0)

246.2 (207.3 - 283.3)

102.3 (86.8 - 112.0)

40.3 (17.6 - 64.4)

81.9 (71.6 - 89.5)

73.0 (66.7 - 78.8)

32.8 (20.7 - 44.1)

21.9 (2.9 - 64.9)

13.8 (8.0 - 21.0)

3.9(0.7-8.3)

71.3(12.9 - 149.9)

19297.7 (8413.8 -
35444.7)

Difference

0.0 (0.0 - 0.0)

44.4 (29.5 - 58.1)

71.7 (415 - 96.3)

8.1 (0.6 - 20.3)

10.1 (5.8 - 14.2)

14.7 (2.8 - 30.5)

24.8 (10.6 - 37.8)

0.0 (-3.0 - 4.0)

-15.6 (-25.8 - -4.9)

-1.0 (-2.8 - -0.1)

-17.7 (-49.8 - -1.1)

3568.3 (-8472.2 -
16311.6)
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Table A24 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

204.2 (173.4 - 233.5)

24.7 (7.8 - 43.2)

33.3(14.1-55.3)

73.0 (63.2 - 80.3)

60.3 (48.2 - 71.4)

5.9 (1.4 - 12.9)

22.0 (2.8 - 65.1)

33.0 (21.5 - 45.5)
5.4 (1.0 - 10.9)

101.1 (19.2 - 202.4)

12508.1 (7056.4 -
20279.0)

BMJ Open

Intervention

455 (8.7 - 85.0)

249.9 (211.2 - 286.5)

103.0 (87.5 - 112.6)

39.5 (17.1- 63.3)

84.4 (73.2 - 91.2)

71.8 (65.9 - 77.3)

325 (20.9 - 43.4)

21.8 (2.9 - 64.6)

14.5 (8.6 - 21.7)
47(0.9-9.3)

86.9 (16.2 - 172.7)

14525.7 (8603.6 -
22403.0)

Page 100 of 107

Difference

0.0 (0.0 - 0.0)

45.7 (31.9 - 58.0)

78.2 (54.5 - 98.4)

6.2 (0.1-15.2)

11.3 (7.1 - 15.4)

11.5 (1.8 - 23.1)

26.6 (14.9 - 38.2)

-0.3(-3.5-3.5)

-18.4 (-27.6 - -9.6)
-0.8(-2.2 - 0.0)

-14.2 (-40.3-0.2)

2017.6 (-5421.3 - 9470.6)
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Age 0-4 years
Table A25 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals
deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

208.1 (172.8 - 241.7)

3.4(2.1-4.9)

36.6 (15.3 - 59.7)

68.3 (59.6 - 75.7)

66.2 (55.9 - 75.4)

0.6 (0.3-1.0)

21.7 (2.4 - 65.8)

40.1 (28.3-51.7)
7.5(1.4-15.2)

135.1 (24.9 - 274.6)

17934.1 (7124.0 -
35159.0)

BMJ Open

Intervention

455 (8.7 - 85.0)

252.9 (217.5 - 286.1)

103.1 (87.6 - 112.5)

36.4 (15.2 - 59.3)

81.0 (70.9 - 88.4)

66.8 (58.4 - 74.6)

31.4(20.4 - 42.2)

20.7 (2.4 - 63.4)

14.7 (9.1 - 21.8)
7.3 (1.4-14.7)

132.8 (24.6 - 266.1)

17667.9 (7614.0 -
32685.5)

Difference

0.0 (0.0 - 0.0)

44.7 (32.9 - 55.1)

99.8 (84.3 - 109.1)

0.2 (-2.8-2.7)

12.7 (8.0 - 17.4)

0.7 (-3.4-5.1)

30.8 (19.9 - 41.4)

-1.0 (-4.2 - 1.9)

-25.4 (-33.2 - -17.4)
-0.1(-1.2-0.7)

-2.3(-21.0 - 13.1)

-266.2 (-13326.6 -
12081.4)
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Table A26 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

209.4 (173.8 - 242.9)

3.4(2.1-5.0)

36.8 (15.4 - 60.4)

70.1 (61.1 - 77.4)

66.6 (56.3 - 76.0)

0.6 (0.3-1.0)

21.8 (2.4 - 65.8)

415 (29.2 - 53.1)
7.4 (1.4 - 15.1)

136.9 (25.3 - 280.0)

13672.3 (7286.9 -
22370.9)

BMJ Open

Intervention

455 (8.7 - 85.0)

255.2 (219.1 - 289.2)

103.6 (88.2 - 113.0)

36.5 (15.2 - 59.6)

83.6 (72.6 - 90.3)

67.0 (58.5 - 74.8)

31.4 (20.4 - 42.1)

20.7 (2.4 - 63.7)

15.3 (9.5 - 22.4)
7.3 (1.4 - 14.6)

135.6 (25.5 - 271.9)

14090.7 (8344.4 -
21727.0)

Page 102 of 107

Difference

0.0 (0.0 - 0.0)

45.9 (33.8 - 56.0)

100.2 (84.9 - 109.5)

-0.3(-3.0 - 2.4)

13.4 (8.6 - 18.1)

0.4 (-3.7 - 4.8)

30.8 (20.0 - 41.3)

-1.1(-43-19)

-26.3 (-34.4 - -17.9)
-0.1(-1.1-0.8)

-1.3(-20.2- 15.1)

418.4 (-8064.8 - 9011.5)
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Age 5-14 years
Table A27 Ethiopia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments
(ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

197.9 (169.6 - 225.2)

47.1(12.5-82.7)

29.6 (10.6 - 53.8)

74.6 (63.8 - 84.3)

53.6 (31.9 - 72.9)

14.5 (2.4 - 39.5)

21.6 (2.6 - 65.3)

23.1 (8.8 - 39.1)

3.4(0.6-7.4)

61.4 (11.1 - 133.2)

14407.8 (5303.7 -
29936.5)

BMJ Open

Intervention

455 (8.7 - 85.0)

242.2 (200.8 - 281.7)

101.9 (86.2 - 111.6)

42.6 (18.5 - 67.8)

82.4 (71.8 - 90.2)

76.8 (69.4 - 83.1)

33.7 (20.3 - 46.1)

22.4 (2.8 - 66.2)

13.3 (7.3 - 20.5)

1.9 (0.3 - 3.9)

34.5 (6.3 - 70.8)

20277.4 (8872.7 -
37127.0)

Difference

0.0 (0.0 - 0.0)

44.3 (24.8 - 62.7)

54.8 (16.5 - 91.1)

13.0 (1.5 - 30.3)

7.8 (2.1-12.9)

23.2 (5.1 - 45.4)

19.2 (-5.9 - 37.4)

0.8 (-2.5-6.2)
-0.7 (-22.7 - 4.4)
-1.5(-4.0 - -0.2)

-27.0 (-73.2 - -2.8)

5869.6 (-6634.5 -
19361.5)

30
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Table A28 Indonesia

Quantity per 100
children with
presumptive TB (unless
stated):

children with true TB

assessments

bacteriological
investigations

anti-TB treatments (ATT)

ATT initiated at PHC

percent of true-positive
receiving ATT

percent of ATT
bacteriologically
confirmed

percent of ATT false-
positive

referrals, inc. self-
referrals

deaths

life-years lost

cost

Standard of care

455 (8.7 - 85.0)

198.8 (170.2 - 226.2)

47.3 (12.7 - 83.3)

29.6 (10.5 - 54.2)

77.2 (65.5 - 87.0)

53.6 (31.5 - 73.0)

14.1 (2.3 - 38.3)

21.7 (2.6 - 65.3)

23.9 (9.1 - 40.3)

3.4(0.6-7.4)

63.0 (11.4 - 137.2)

11270.2 (6013.6 -
18958.7)

BMJ Open

Intervention

455 (8.7 - 85.0)

244.3 (202.0 - 284.1)

102.3 (86.7 - 112.2)

42.7 (18,5 - 68.1)

85.1 (73.6 - 92.2)

76.9 (69.6 - 83.3)

33.7 (20.2 - 46.1)

22.4 (2.8 - 66.3)

13.8 (7.5 - 21.2)

1.9 (0.4 - 3.9)

35.2 (6.5 - 72.5)

14987.1 (8815.0 -
23229.9)
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Difference

0.0 (0.0-0.0)

455 (25.6 - 64.3)

54.9 (16.6 - 91.6)

13.1 (1.4 - 30.8)

7.9 (1.5 - 13.5)

233 (4.9 -45.9)

19.5 (-4.9 - 37.4)

0.8 (-2.6 - 6.1)

-10.1 (-23.7 - 4.3)

-15(-4.1 - -0.1)

-27.9 (-75.5 - -2.8)

3716.9 (-3812.4 -
10646.6)
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Comparison of ICERs for sensitivity analyses

Table A29 ICERs by sensitivity analysis for each country

oNOYTULT D WN =

scenario
basecase 132.2

Xpert SOC 137.8

Low prevalence 178.1

0% discount rate 54.8

5% discount rate 199.3

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Ethiopia

93.8
114.8

150.4

38.3

142.2

Indonesia

32

L

Y-

N Y

o~


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 106 of 107

Xpert Ultra stool testing to diagnose tuberculosis in children in
Ethiopia and Indonesia: a model-based cost-effectiveness analysis.

Appendix 4: Consolidated Health Economic Evaluation Reporting

Standards (CHEERS) checklist — Items to include when reporting
economic evaluations of health interventions

Item Reported on page No/

Section/item No Recommendation line No

Title and abstract

Title 1 Identify the study as an economic evaluation or use page 1, line 1 to 2
more specific terms such as “cost-effectiveness
analysis”, and describe the interventions compared.

Abstract 2 Provide a structured summary of objectives, page 2, line 1 to 32
perspective, setting, methods (including study design
and inputs), results (including base case and
uncertainty analyses), and conclusions.

Introduction

Background and 3 Provide an explicit statement of the broader context page 4, line 33 to 38

objectives for the study.
Present the study question and its relevance for health page 4, line 33 to 34
policy or practice decisions.

Methods

Target population and 4 Describe characteristics of the base case population page 5, line 1 to 12;

subgroups and subgroups analysed, including why they were page 6, line 4t0 9
chosen.

Setting and location 5 State relevant aspects of the system(s) in which the page 4, line 39 to 44;
decision(s) need(s) to be made. page 5, line 3 to 26

Study perspective 6 Describe the perspective of the study and relate this to page 7, line 2
the costs being evaluated.

Comparators 7 Describe the interventions or strategies being page 3, line 4 to 32;
compared and state why they were chosen. page 5, line 14 to 32

Time horizon 8 State the time horizon(s) over which costs and page 7, line 5;
consequences are being evaluated and say why page 7, line 24 to 25
appropriate.

Discount rate 9 Report the choice of discount rate(s) used for costs page 7, line 5;
and outcomes and say why appropriate. page 7, line 25

Choice of health outcomes 10

Describe what outcomes were used as the measure(s)
of benefit in the evaluation and their relevance for the
type of analysis performed.

page 7, line 24 to 33;

Measurement of 11a Single study-based estimates: Describe fully the not applicable
effectiveness design features of the single effectiveness study and

why the single study was a sufficient source of clinical

effectiveness data.

11b Synthesis-based estimates: Describe fully the methods page 6, line 17 to 35;
used for identification of included studies and page8, line 7 to 16;
synthesis of clinical effectiveness data. Table 1;
Appendix 2a

Measurement and 12 If applicable, describe the population and methods not applicable

valuation of preference

based outcomes

used to elicit preferences for outcomes.

Estimating resources and 13a

costs

Single study-based economic evaluation: Describe
approaches used to estimate resource use associated
with the alternative interventions. Describe primary or
secondary research methods for valuing each resource

not applicable
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Item Reported on page No/
Section/item No Recommendation line No
item in terms of its unit cost. Describe any
adjustments made to approximate to opportunity costs.
13b Model-based economic evaluation: Describe page 7, line 1 to 40;
approaches and data sources used to estimate resource Table 2;
use associated with model health states. Describe Appendix 2b
primary or secondary research methods for valuing
each resource item in terms of its unit cost. Describe
any adjustments made to approximate to opportunity
Ccosts.
Currency, price date, and 14 Report the dates of the estimated resource quantities page 7 line 2 to 5;
conversion and unit costs. Describe methods for adjusting Appendix 2b
estimated unit costs to the year of reported costs if
necessary. Describe methods for converting costs into
a common currency base and the exchange rate.
Choice of model 15 Describe and give reasons for the specific type of page 6, line 4 to 15;
decision-analytical model used. Providing a figure to Figure 1;
show model structure is strongly recommended. Appendix 2a, Figure 1
Assumptions 16 Describe all structural or other assumptions page 5, line 3 to 40;
underpinning the decision-analytical model. page 6, line 1 to 15;
Figure 1;
Appendix 2a, Figure 1
Analytical methods 17 Describe all analytical methods supporting the page 7, line 29 to 40
evaluation. This could include methods for dealing
with skewed, missing, or censored data; extrapolation
methods; methods for pooling data; approaches to
validate or make adjustments (such as half cycle
corrections) to a model; and methods for handling
population heterogeneity and uncertainty.
Results
Study parameters 18 Report the values, ranges, references, and, if used, page 17, table 1;
probability distributions for all parameters. Report page 18, table 2;
reasons or sources for distributions used to represent Appendix 2a;
uncertainty where appropriate. Providing a table to Appendix 2b
show the input values is strongly recommended.
Incremental costs and 19 For each intervention, report mean values for the main page 8, line 17 to 38;
outcomes categories of estimated costs and outcomes of interest, page 21, Table 3;
as well as mean differences between the comparator Appendix 3
groups. If applicable, report incremental cost-
effectiveness ratios.
Characterising uncertainty 20a Single study-based economic evaluation: Describe the not applicable
effects of sampling uncertainty for the estimated
incremental cost and incremental effectiveness
parameters, together with the impact of
methodological assumptions (such as discount rate,
study perspective).
20b Model-based economic evaluation: Describe the page 9, line 2-16;
effects on the results of uncertainty for all input Figure 2:
parameters, and uncertainty related to the structure of Figure 3;
the model and assumptions. Appendix 3
Characterising 21 If applicable, report differences in costs, outcomes, or page 8, line 25 to 38;
heterogeneity cost-effectiveness that can be explained by variations Table 3;
between subgroups of patients with different baseline Appendix 3
characteristics or other observed variability in effects
that are not reducible by more information.
Discussion
Study findings, 22 Summarise key study findings and describe how they page 9, line 18-29;
limitations, support the conclusions reached. Discuss limitations page 9, line 40-41;

page 10, line 1-32;
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generalisability, and and the generalisability of the findings and how the
current knowledge findings fit with current knowledge.
Other
Source of funding 23 Describe how the study was funded and the role of the page 12, line 16 to 20;

funder in the identification, design, conduct, and
reporting of the analysis. Describe other non-monetary
sources of support.

Information provided via
the submission system

Conflicts of interest 24 Describe any potential for conflict of interest of study
contributors in accordance with journal policy. In the
absence of a journal policy, we recommend authors
comply with International Committee of Medical
Journal Editors recommendations.

page 12, line 15;
Information provided via
the submission system

For consistency, the CHEERS statement checklist format is based on the format of the CONSORT statement checklist
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