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Abstract

BACKGROUND—The objective of this analysis was to assess the cost-effectiveness of TB
diagnosis using Microscopic Observation Drug Susceptibility (MODS), Xpert MTB/RIF (Xpert),
and empiric treatment for all patients, in addition to current clinical diagnostic practices in
children less than 5 years of age in a national tuberculosis (TB) referral hospital in Uganda.

METHODS—A decision analysis was conducted from the healthcare perspective, with a primary
outcome of incremental cost effectiveness expressed as cost per year of life gained (YLG).

RESULTS—Cost-effectiveness of the algorithms depended strongly on three variables: the
prevalence of TB, probability of death if TB was untreated, and accuracy of existing diagnostic
algorithms. Xpert and MODS had similar cost-effectiveness profiles and were preferred in settings
where the prevalence of TB and probability of death from untreated TB were low. As the
underlying probability of TB disease and death increased, treating all children with clinically
suspected disease became more cost-effective. In settings where the probability that an untreated
child will die of TB — whether a result of high prevalence of TB or high mortality from untreated
TB, treating all children for TB is likely to be the most cost-effective approach until better
diagnostic tests can be developed.

CONCLUSION—The cost-effectiveness of diagnostic tools for TB in children depends on the
population, natural history of untreated TB, and existing diagnostic practices. In settings where the
risk of TB death is high, empiric treatment of all children for TB should be considered until a
more sensitive, low-cost diagnostic test is available.
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INTRODUCTION

Nearly 10% of the estimated 9.6 million annual incident cases of active tuberculosis (TB) (1,
2) and 8% of the 1.5 million estimated deaths occur in children, and these projected case and
mortality numbers likely underestimate the true disease burden in this population due to
difficulties in pediatric TB diagnosis (2). TB in children under 5 is more difficult to diagnose
because of the low bacillary burden and difficulty in obtaining appropriate samples; as a
result, less than 15% of children with active TB are positive using sputum smear
microscopy, the current cornerstone of TB diagnosis worldwide (3). Whereas newly
developed diagnostic tests for pulmonary TB have high sensitivity and specificity when
performed on sputum samples from adults, their performance in children remains
suboptimal (4, 5). As a result, diagnosis of active TB in children is rarely confirmed
microbiologically. Most current algorithms for diagnosis of pediatric TB rely on approaches
which perform poorly in the pediatric population (6). As none of these tests are specific for
active TB, diagnosis of TB in children younger than five is often delayed or missed,
resulting in increased morbidity and mortality in a population that is particularly susceptible
to rapid clinical progression of TB disease (7).

Economic considerations are important for diagnosis of TB in young children, and are likely
to be different than for adult pulmonary TB (5). Most young children presenting with
possible TB undergo an initial battery of tests that may include physical examination, non-
specific laboratory testing (e.g., complete blood count), and chest radiograph. This clinical
evaluation may also include TB-specific tests such as smear microscopy, mycobacterial
culture, and nucleic acid amplification testing (e.g., Xpert MTB/RIF, now recommended for
use in children (8)). Given the poor sensitivity of these tests in children, particularly those
less than five years, a reasonable alternative in settings of high pre-test probability (e.g.,
national TB reference hospitals) may be to treat all children who present with suspected TB.
We performed a cost-effectiveness analysis from an economic perspective to understand the
settings in which current clinical diagnosis alone, current clinical diagnosis augmented with
MODS or Xpert, or empiric treatment for all children (the decision to treat all children who
present for suspected TB) might be preferred.

METHODS

We developed a decision analysis model based on previous analyses of TB diagnostics
(9-11) (Figure 1). We considered a hypothetical cohort of 1,000 children under age 5
presenting to a national TB referral hospital in Uganda, a high TB-burden country, for
consideration of pediatric TB diagnosis (“children with suspected TB”). We did not model a
specific algorithm as each child will have his/her own diagnostic work up before presenting
to the referral center. Therefore, we did not hold strictly to the NIH consensus criteria for
pediatric TB (12). We understand that clinical practice will vary based on the setting; as
such, we modeled the baseline variables applying rates from an analysis of symptom-based
approaches (13). There are instances in which some children will receive additional workup
after presentation to the referral center, whereas others (for example, those being treated
empirically) will not. In those cases, as our reference scenario for the current standard of
clinical care (“current clinical diagnosis”), we assumed that the incremental cost of the
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additional workup would be comparable to the cost of clinical assessment, chest X-ray,
smear, and the collection of gastric aspirate specimens. We compare this reference to a
scenario in which the standard of care is augmented by 1) MODS, 2) Xpert, and/or 3) a
broad policy to treat all children empirically for TB, without confirming that diagnosis using
any TB-specific test.

Model parameters were extrapolated from ongoing studies at the National TB Referral
Hospital in Uganda and existing literature from similar settings, where available (Table
1(14-17)). There is substantial uncertainty regarding many parameters, reflecting the
heterogeneity of diagnostic practices and the paucity of literature in the absence of a true
“gold standard” for pediatric TB diagnosis. Thus, we explored which model parameters were
most important to the consideration of cost-effectiveness and then described the settings in
which different diagnostic strategies would be preferred. We assumed that 14% of children
under five presenting to the TB referral hospital had underlying TB, a low estimate based on
culture confirmation (18). We conservatively assumed (i.e., favoring the standard of care)
that, in the reference case, TB could be diagnosed on clinical grounds with a sensitivity of
68% and specificity of 81% (13). We did not presume any particular algorithm used, but
rather assumed that children diagnosed by any such algorithm (e.qg., those with persistent
non-remitting cough and failure to thrive) would be treated in all scenarios. Thus, if
clinically diagnosed positive, a negative Xpert or MODS test would never be taken as an
indication not to treat, and all remaining parameters (for example, test sensitivity/specificity)
refer not to all children, but to the 32% of children with underlying TB (and 81% of those
without underlying TB) who would not be treated on the basis of these reference tests.

The probability of death if TB goes undiagnosed and untreated was assumed as 35% based
on extrapolation of age-stratified mortality risks observed in the pre-chemotherapy era (19).
We assumed that, upon presentation to the referral hospital, children would have one
diagnostic attempt, consisting of multiple tests completed over the course of multiple visits
in a confined timeframe. Where MODS was included in the attempt, we incorporated an
attendant delay (and increased mortality risk) while waiting for results. Similarly, a delay
was included for treatment based on current clinical diagnosis given the probability of
seeking care but not completing treatment. If TB was not diagnosed at the referral hospital,
we assumed that children with underlying TB would experience the natural history of
untreated TB (i.e., that no other diagnostic options would be pursued after evaluation at the
referral center). The sensitivity of Xpert (and MODS) in children under five differs markedly
from the sensitivity in adults and adolescents. We applied the sensitivity reported comparing
Xpert and MODS to positive clinical diagnosis, similar to the setting in this analysis (20).
We accounted for the possibility of pediatric multidrug-resistant (MDR) TB, including the
fact that MDR-TB could only be diagnosed with Xpert or MODS (incorporating imperfect
sensitivity).

We performed our economic evaluation from the healthcare perspective. Our primary
outcome was the incremental cost-effectiveness ratio (ICER), expressed as the incremental
cost per incremental year of life gained (YLG). We measured YLG rather than health utility
(e.g., disability-adjusted life years, DALYSs) because morbidity in young children is difficult
to quantify and strongly outweighed by mortality in any health utility calculation related to
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pediatric TB (21). Our analytic time horizon was the episode of illness (up to one year,
allowing for complete treatment based on diagnosis). We adopted a lifetime time horizon for
estimation of YLG, based on an estimated life expectancy in Uganda of 54 years and an
average age at presentation of 2.5 years (22). Costs were inflated to the year 2014 using
inflation factors from the International Monetary Fund and converted to US dollars using the
2014 exchange rate (23). Future costs and YLG are discounted at 3% per year (24).

Given the uncertainty in many model parameters, we subjected all variables to wide
sensitivity analysis, first in one-way fashion and then as multi-way sensitivity analyses
including the parameters on which the primary outcome depended most strongly. In multi-
way analyses, incremental cost effectiveness of clinical diagnosis, Xpert, and MODS were
evaluated across a range of values for TB disease prevalence among children (conservatively
estimated at 14% in baseline calculations) with suspected TB. Likewise, the probability of
death from untreated TB disease (estimated at 35%) was varied greatly, as the true value for
this parameter is unknown. Rather than conduct probabilistic uncertainty analysis to provide
uncertainty ranges around specific outcome values, we attempt to describe situations in
which different diagnostic algorithms are more likely to be economically preferred, given
specified thresholds of willingness to pay (WTP) for one YLG. Analyses were performed
using TreeAge Pro 2014 (25).

In our initial calculations evaluating 1000 children presenting with symptoms suggestive of
TB to a National TB Referral Hospital, we projected that 140 would have true underlying
active TB. Under the current clinical diagnosis, we estimated that 96 of these children would
be diagnosed on clinical grounds, of whom 90 would start treatment (Table 2). We estimated
that an additional 171 children without TB would be diagnosed as false-positives, of whom
147 would start treatment (Table 2). Of the remaining 44 children with TB whose diagnosis
would be missed using the current clinical diagnosis scenario, we estimated that Xpert or
MODS would result in treatment of an additional 18 to 20, while also resulting in up to 16
additional false-positive treatments (Table 2). The incremental cost of Xpert (or MODS),
relative to standard care, was estimated at $39 ($29) per child evaluated, or $126 ($106) per
YLG. The incremental cost of treating all children empirically relative to the incremental
cost of clinical diagnosis plus Xpert was estimated to be $232 per YLG (data not shown).

Incremental cost-effectiveness varied widely, the strongest determinants of cost-effectiveness
included: accuracy of the existing diagnostic algorithm, probability of underlying TB in the
population, accuracy of the TB-specific diagnostic test (Xpert or MODS), and probability of
death in children with untreated TB (Figure 2). We, therefore, conducted a series of multi-
way sensitivity analyses in which these parameters were varied across reasonable ranges, to
identify those settings in which the standard diagnostic algorithm, standard algorithm plus
Xpert or MODS, or decision to treat all children with suspected TB would be the most cost-
effective option at a WTP of $1716 per YLG (three times the per-capita gross domestic
product of Uganda (26, 27)). In these analyses (Figures 3 and 4), we found that addition of
Xpert or MODS was preferred to the standard diagnostic algorithm in almost all settings.
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In comparing the standard algorithm plus Xpert or MODS to a decision to empirically treat
all TB suspect children, the latter was preferred in most settings considered, including the
parameters for the referral setting presented in Table 1. In settings where the sensitivity of
Xpert or MODS for pediatric TB was assumed to be higher, Xpert- or MODS-based
diagnosis became more cost-effective relative to treatment for all (Figure 3b-c). If current
clinical diagnosis is assumed to have a high sensitivity of 86%, clinical diagnosis alone
(without Xpert, MODS, or empiric treatment) had a more favorable cost-effectiveness
profile, but empiric treatment of all children was still preferred when the probability of death
from untreated TB was high (Figure 4c). After accounting for the possibility of treating all
children empirically, preference for the standard algorithm plus Xpert or MODS was limited
to a small subset of possible settings (green areas in Figures 3 and 4). The decision to treat
all empirically was generally preferred in settings where the probability that a given child
would die if not treated for TB (i.e., prevalence of underlying TB * probability of death from
untreated TB) was greater than 10%.

DISCUSSION

This analysis highlights settings in which different algorithms for diagnosis of pediatric TB
in a high-burden national TB referral hospital are likely to be cost-effective. Specifically, we
found that the addition of TB-specific tests (whether Xpert or MODS) was almost always
cost-effective relative to the existing diagnostic algorithm alone. However, in settings where
the probability that a given child would die, if not treated for TB, approaches 10% (whether
due to high prevalence of TB or high mortality from untreated TB), a broad decision to treat
all children under five with suspected TB may be more appropriate.

Our findings support the recent WHO recommendation to use Xpert MTB/RIF as a
diagnostic test for pediatric TB, especially in settings where the prevalence of underlying TB
is low (or the specificity of existing diagnostic algorithms for TB is high). Where MODS is
equally or more accessible than Xpert, MODS is also a reasonable alternative. MODS is
used as an example of liquid culture that is inexpensive and equally sensitive and specific to
other types of liquid culture. These tests are likely to be highly cost-effective relative to no
additional TB-specific testing unless their sensitivity for TB (accounting also for the fact that
not every child with TB can produce an adequate sputum sample) is <10%. Since these tests
are unlikely to be available at the periphery in most high-burden settings, it is likely that they
would only be used on patients with a higher underlying TB prevalence than these
thresholds. Thus, while this analysis of TB testing at a referral hospital cannot be
generalized to lower-level clinical settings, it is likely that Xpert/MODS would make a cost-
effective addition to TB testing algorithms in most referral-hospital settings where the pre-
test probability of TB is reasonably high.

Perhaps more controversial is the finding that a decision to empirically treat all children for
TB might be cost-effective, relative even to Xpert or MODS (plus all other clinical
diagnostic tools), in a reasonable range of settings characterized by high TB prevalence
and/or high TB mortality. Treating even ten children with TB drugs to prevent one TB death
is likely to be cost-effective from the healthcare perspective. Importantly, such treatment
may be beyond the capacity of the existing healthcare system or pose an unacceptable

Pediatr Infect Dis J. Author manuscript; available in PMC 2018 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Debes et al.

Page 6

burden to parents — in other words, a cost-effective algorithm might still not be
implementable due to other important considerations. Nevertheless, our findings suggest
that, until better diagnostic tests for pediatric TB can be developed, universal empiric
treatment may be the most cost-effective approach to diagnosing TB among children under
five in settings where the risk of death from untreated TB is reasonably high.

Our results have important limitations. TB is very difficult to diagnose in young children,
such that the true sensitivity and specificity of any diagnostic algorithm for pediatric TB is
uncertain. Given this limitation, we have used reasonable values from the literature, but we
acknowledge that these estimates may differ in many clinical settings. As such, we
attempted to use conservative estimates (i.e., biased against empiric treatment of all
children), including low rates of TB disease, high accuracy of the standard diagnostic
algorithm, low rate of death if TB left untreated. In this analysis, we used a conservative rate
of disease for children presenting to the referral TB clinic (14%), per a recent publication
from Uganda (18). This estimate is based on culture-confirmed TB in a study with a small
sample size, and therefore, likely to be an underestimate. Similar studies defining children
under 16 with varying specimen collection methods report culture-confirmed TB in children
from 5% to 41% (28-32). Two studies including clinical diagnosis as the reference standard,
reported higher rates of TB disease in the study populations. Given the difficulties in culture-
based methodologies in children under five, TB disease rates based on culture confirmation
are likely to underestimate true burden of TB disease in young children (28, 32). There is
little information on the sensitivity of a clinical, non-microbiological pediatric TB diagnosis.
We chose conservative estimates based on a study reviewing a symptom-based diagnostic
approach in childhood pulmonary TB in an endemic area. The study combined different
symptoms upon presentation to provide the highest degree of accuracy of diagnosis. The
combination of different symptoms increased sensitivity in different risk-groups according to
age in HIV-uninfected children. A 2-symptom approach including non-remitting cough and
failure to thrive provided the best diagnostic accuracy when considering the high risk group
of children <3 as well as the lower-risk group of children >3, providing a sensitivity of
68.3% and a specificity of 80.1% with sensitivity being increased in each group with the
addition of symptoms appropriate for specific risk groups (13). Similarly, information
regarding the sensitivity of MODS or Xpert in a pediatric population is limited, even more
so in children under five. In addition, there are few studies comparing the sensitivity of these
tests to clinical diagnosis as opposed to culture confirmed samples, which are unlikely in
children under 5.

The sensitivity and specificity estimates used in our analysis are based on a study comparing
MODS and Xpert, among other diagnostics, to clinical diagnosis in children under 16 (20).
The categorization of children 0 - 16, rather than children under 5, likely results in an
overestimation of the sensitivity of these diagnostics. The estimated probability of death in
TB patients not treated for TB (35%) was extrapolated from a study in the 1950s reporting
that 90% of deaths in children occurred within the first year of discovery of primary TB. In
infants first diagnosed at <6 months of age, 55% died; 28% of children ages 1-2 years and
up to 15% of children ages 3-9 years old died of TB (19). These data were not stratified at
age 5; therefore, we considered a mortality probability of 35% with a broad sensitivity range
to cover estimates in the literature.
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The prevalence of MDR-TB in this analysis was low, reflecting the rates of MDR-TB among
children in Uganda; however, these rates may not be generalizable to other settings where
MDR-TB transmission is more widespread. While this analysis was not primarily intended
as an analysis of MDR-TB outcomes, we included costs of MDR-TB given that they often
comprise a large proportion of overall TB control costs. The cost of treatment for both drug-
sensitive and MDR-TB were adapted from the Vassal et al study in 2011 in which they
estimated costs for Uganda, specifically. We converted these values to 2014 prices. While
these estimates were validated with previous costing studies, the costs were estimated for
treatment of adult TB, and the treatment costs may be different on a per patient basis to treat
pediatric TB.

We did not include HIV-infected children in the analysis. With increased implementation of
highly effective regimens for the prevention of mother to child transmission of HIV, the
number of newly infected children is dramatically decreasing. For the relatively small
number of newly infected children, it is recommended that HIV treatment start immediately
upon diagnosis. In addition to lessening HIV progression, it also decreases likelihood of
other infections such as TB. However, it is important to note that HIV is still a factor of
importance in high prevalence settings as the rates of TB will remain higher than those of
the non HIV-infected population.

We did not include the risk and associated costs of hepatotoxicity as it would not change any
of the conclusions of the analysis. While adverse events associated with empiric treatment
are important considerations, the risk of hepatotoxicity in the adult population is small,
ranging from 0.1-0.6% (33). This risk is even smaller in children. The data on children less
than 5 years is extremely limited, with a recent publication reporting zero cases of
hepatotoxicity among more than 1000 children with latent TB (34). Our analysis does not
ultimately claim that Xpert, MODS, or universal treatment are cost-effective in a generic
sense, but rather provides guidance as to likely cost-effectiveness under different local
conditions of TB prevalence, Xpert/MODS test sensitivity, sensitivity of the existing
diagnostic algorithm, and probability of death if TB is untreated in an under-five population.

Given the lack of data on societal costs of pediatric TB treatment in kids, we performed this
from a healthcare perspective. Future analyses could refine our estimates by collecting local-
level data from different settings and incorporate these estimates into the analysis. Other
important directions for future research include patient-level costing, evaluation of more
peripherally located clinical centers, and evaluation of the impact of empiric TB treatment
among young children with TB symptoms across a range of clinical settings. While waiting
for these data to emerge, greater consideration should be given to the possibility of universal
empiric treatment in referral settings where the risk of death from untreated TB remains
unacceptably high. The findings of this analysis underscore the urgent need for rapid and
accurate diagnostic tests for TB in children, so that more targeted treatment algorithms can
be effectively implemented.
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Abbreviated decision tree.
2 Branches corresponding tocurrent clinical practice (or current practice + MODS) follow a similar structure to current practice +Xpert, with removal of Xpert or substitution of MODS as appropriate.
b-Where branches end inopen circles (choice nodes), a larger treeis hidden, the structure of which is similarto the branchdirectly above (which is shown infull).

Figure 1. Simplified Diagram of the M odel detailing two arms

This is an abbreviated version of the study decision tree depicting the analytic famework for
the decision analysis. The branches for the base case (Current Clinical Practice) is compared
to the 3 algorithms, as described in the text. Values for each node, including probabilities,

costs and YLG are presented in Table 1.
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ity range for each is shown. ICERs were negative (indicating a less costly and more effective intervention) at the opposite end of each variable's range. 'The ‘Low Value' for Prevalance of TB disease is 0.10 (denoted by blue bars) is

$136/ YLG. “The 'High Value' for Sensitivity of Current Clinical Practice for TB is 0.9 (denoted by red bars) is $715/YLG.

Figure 2. One-way sensitivity analyses of incremental cost-effectiveness, comparing Xpert to
current clinical practice alone for TB diagnosisin children

Bars denote the ICER of Xpert relative to the standard of care at the high or low value of
each parameter shown. Xpert was highly cost-effective relative to the standard of care except
in settings of low probability of death from untreated TB, low Xpert sensitivity, or high
sensitivity of current clinical practice. Results are similar for the diagnostic scenario of
Clinical Diagnosis plus MODS (data not shown).
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A |

Figure 3. Multi-way sensitivity analysis of the incremental cost-effectiveness of diagnostic
algorithmsfor pediatric TB in a high-burden referral hospital, accounting for varying
Sensitivities of the Gene Xpert system*

The color of the graph at any point denotes the diagnostic algorithm that is most cost-
effective (at WTP $1716) under conditions of underlying TB prevalence in the tested

|

(B).

*Resu

lts a

re similar for MODS (data not shown).
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population (x-axis) and probability of death if TB goes untreated (y-axis). Panel A assumes
a 22.6% sensitivity of Xpert (35), Panel B: 58% (36), and Panel C: 68%(18). Where the

probability of death due to untreated TB exceeds, 30-35%, empiric treatment of all children
is generally preferred.
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Figure 4. Multi-way sensitivity analysis of the incremental cost-effectiveness of diagnostic
algorithmsfor pediatric TB in a high TB-Burden country referral hospital, accounting for
varying Sensitivity of Current Clinical Diagnosis

This figure evaluates three different scenarios of sensitivity under the current standard of
care: Panel A assumes a 30% sensitivity of the current clinical algorithm, Panel B a
sensitivity of 50%, and Panel C a sensitivity of 86%. Improving the Current Clinical
Diagnosis makes Xpert (or MODS) more likely to be cost-effective relative to empirically
“Treat All” children, because fewer children with true underlying TB are left without a

diagnosis.
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Table 1
Parameter Estimates
Parameter BaseCase Sensitivityrange References
TB Dynamics
Prevalence of TB Disease 0.142 0.1-0.5 (18)
MDR Prevalence among all TB in Uganda 0.01 0.006-0.022 2)
Sensitivity in Children Under Five
Sensitivity of Current Clinical Practice for TB 0.68 0.3-0.9 (13)
Sensitivity of MODS for TB 0.47 0.3-0.9 (20)
Sensitivity of Xpert MTB/RIF (Xpert) for TB 0.44 0.09-0.9 (20)
Sensitivity of MODS for resistance to rifampin 0.83 0.749-1.0 (31)
Sensitivity of Xpert for resistance to rifampin 0.83 0.66666-1.0 (31)
Specificity for TB
Specificity of Current Clinical Diagnosis for TB 0.80 0.22-0.93 (13)
Specificity of MODS for TB 0 9717 0.86 - 0.997 (20)
Specificity of Xpert for TB 0 9717 0.86 - 0.997 (20)
Specificity of MODS for resistance to rifampin 0.99 0.819-1.0 (31)
Specificity of Xpert for resistance to rifampin 0.99 0.819-1.0 (31)
Treatment
Probability of not completing treatment 0.14 0.112-0.168 (14)
Probability of death due to MODS treatment delayc 0.06 0.01-0.10 (19)
Treatment Outcome
Probability of Death in Patients with Untreated TBd 0.357 0.15-1.0 (19)
Probability of Death in Patients Without T8¢ 0.10 0.01-0.34 (15)
Probability of Death in patients appropriately treated for MDR TB 0.18 0.144-0.216 (16)
Probability of Death in patients appropriately treated for non-MDR TB 0.13 0.113-0.138 17
Probability of Death in patients appropriately treated for DS TB after delay in diagnosing 0.18 0.160-0.195 (17,19)
Probability of Death in patients appropriately treated for MDR TB after delay in diagnosing 0.23 0.206 - 0.252 (17, 19)
Outcome measure
Life Expectancy after TB cure (years) 50 37-54 (22)
Unit Cost Estimates
Variable costs Costs($) Sensitivity Range Reference
Specimen collection - Gastric Aspirate 8.99 8.09-9.90 (26)
Current Clinical Practice - cost including X-ray and potential 14.00 12.60-15.40 Current costs USD - Mulago Hospital,
. f Uganda
microscopy
f 20.00 8.80-22.0 Current costs USD - Mulago Hospital,
MODS Uganda
Xpert f 30.00 30.00-82.00 Current costs USD - Mulago Hospital,
pe Uganda
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Unit Cost Estimates

Variable costs Costs($) Sensitivity Range Reference
Total Cost of treating a single case of drug-sensitive TB 193.66 152.83-234.49 (5)
Total Cost of treating a single case of RTF resistant TB 1841.36 1345.17-2337.56 (5)

a.. . . . . . . . .
Given wide uncertainty about this parameter, multiple values were tested in the primary analysis as per figures 3 and 4. Values shown here were
used to generate results in table 2.

bGiven no evidence of differential specificity between MODS and Xpert, we used the same value in this analysis.

cThis probability was calculated to account for patients who get diagnosed too late due to diagnostic delay

dThe probability of death in untreated TB is assumed to be the same for patients with MDR TB if not treated appropriately.
eThis probability was conservatively assumed to be equal whether TB treatment was initiated or not.

f . . . . . .
The unit costs are estimated from lab charges in the National TB referral lab in Kampala, Uganda. They are assumed to be representative of market
costs, including labor. Therefore, they are all-inclusive from the healthcare perspective.
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