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Purpose: Rapid molecular assays such as Xpert MTB/RIF and TB-LAMP accelerate pulmonary tuberculosis (TB) diagnosis but are
more expensive than smear microscopy. This study provided an updated economic synthesis for presumptive adult pulmonary TB in
high-burden settings, broadening the evidence from Xpert MTB/RIF to other WHO endorsed tests compared to conventional
strategies.

Methods: Medline, Embase and Scopus were searched through March 2025. The strategy combined search terms related to molecular
diagnostic tests, pulmonary tuberculosis, and economic evaluation study designs. Full economic evaluations comparing molecular tests
with smear microscopy, culture or passive case-finding were eligible. Two reviewers independently screened articles, extracted data,
and adjusted costs to 2025 US dollars (USD) using average exchange rates. Reporting quality was appraised using the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) 2022 checklist. Due to heterogeneity in evaluation criteria, model
structures, time horizons, and outcome measures, meta-analysis were not feasible. Therefore, results were synthesized narratively, and
incremental cost-effectiveness ratios (ICERs) were contextualized against country-specific cost-effectiveness thresholds to enable
meaningful cross-study interpretation.

Results: Eight studies conducted in low- and middle-income countries with high TB burdens were included. All evaluated Xpert
MTB/RIF and the Thai studies also examined TB-LAMP. Five studies reported cost per disability-adjusted life years (DALYs) averted
or quality-adjusted life years (QALYs) gained, while three used TB cases detected or years of life saved (YLS). CHEERS reporting
quality was high (median is 23/28 items). Reported ICERs for molecular testing were either cost-saving or highly cost-effective
compared with country-specific thresholds. Probabilistic sensitivity analyses (five studies) indicated >90% probability of cost-
effectiveness in four studies and 6% in one.

Conclusion: Recent evidence supports the cost-effectiveness and cost-saving of Xpert MTB/RIF and TB-LAMP for diagnosing adult
pulmonary TB. Policymakers should prioritize reducing cartridge costs and implementing models that capture patient-level benefits to
maximize economic benefits.
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Introduction

Tuberculosis (TB) remains a major global health challenge. In 2024, the World Health Organization (WHO) estimated
approximately 10.8 million new cases equivalent to 133 per 100,000 population and 1.25 million TB-related deaths."
Over 80% of this burden occurred in low- and middle-income countries." Achieving the End TB Strategy targets, which
aim for an 80% reduction in TB incidence and a 90% reduction in mortality by 2030, will require timely and accurate
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diagnosis as a critical component.? Conventional sputum-smear microscopy detects fewer than half of active pulmonary
TB cases, and mycobacterial culture generally requires several weeks to yield results. Health economic evaluations are
essential tools that provide policymakers with the evidence needed to guide resource allocation for TB diagnostics.

Consequently, the WHO now recommends rapid nucleic acid amplification tests (NAATSs), including Xpert MTB/RIF
Ultra, Truenat, TB-LAMP, and line-probe assays (LPA), as the initial diagnostic options for individuals with presumptive
TB.? These assays demonstrate pooled sensitivities of >85% and specificities >95%, significantly reducing the median
time from patient presentation to treatment initiation from weeks to days.*> However, the substantial capital investment,
high cartridge costs, and ongoing maintenance requirements raise concerns about affordability in resource-constrained
settings. Table S1 summarizes the strengths and weaknesses of these diagnostic tools.

Two systematic reviews have previously evaluated the economic value of Xpert MTB/RIF. Sagili et al concluded that
Xpert MTB/RIF was highly cost-effective across high-burden settings, while noting considerable heterogeneity in costing
methods, price-year adjustments, and outcome measures.® Subsequently, Hao et al updated the evidence to mid-2019 and
reached similar conclusions but highlighted a lack of economic evaluations for alternative molecular tests such as TB-
LAMP or LPA.” Although Xpert MTB/RIF, TB-LAMP, and LPA differ in technical performance, infrastructure require-
ments, and intended use cases, they are frequently considered alternative or complementary options within national TB
diagnostic algorithms, particularly in high-burden settings. Since 2019, several comprehensive economic evaluations
have emerged, incorporating dynamic transmission or program-level models and accounting for recent reductions in
cartridge price.

In response to this evidence gap, we conducted a systematic review to synthesize economic evaluations of all WHO-
endorsed rapid molecular diagnostics, ie, Xpert MTB/RIF, TB-LAMP, and LPA compared with conventional diagnostic
strategies in presumptive adult pulmonary TB, including individuals with or without HIV infection, using literature
published through March 2025. Although operationally distinct, these tests are WHO-recommended initial diagnostics
and are often weighed as comparable policy alternatives. By standardizing monetary inputs to 2025 local prices and
evaluating reporting quality using the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) 2022
checklist, this review provides an up-to-date, methodologically consistent synthesis to guide policymakers in scaling-up
rapid molecular testing in high-burden, resource-constrained settings.

Methods

This systematic review was conducted in accordance with a pre-registered protocol (PROSPERO registration number:
CRD 42022362042) and reported following the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) 2020 statement, an updated guideline for reporting systematic reviews.®

Data Sources and Searches

Electronic databases were performed across three electronic databases: MEDLINE (via PubMed), Scopus and Embase,
covering all literature published up to March 2025. The search strategy included terms related to interventions (I),
outcomes (O) and study design (S), while population (P) and comparators (C) were excluded to allow broader sensitivity
and irrelevant results were manually excluded during the selection process. The full search strategies were shown in
Table S2.

Search terms for the intervention (I) included: (“Xpert” OR “Cepheid” OR “Genexpert” OR “MTB/RIF’) OR (“loop
mediated isothermal amplification” OR “LAMP”’) OR (“line probe assay” OR “LPA”). For the population (P), the term
used was “tuberculosis”. For the study design (S), terms include: “economic evaluation” OR “cost-effectiveness analysis”
OR “cost-utility analysis” OR “cost-benefit analysis” OR “cost-minimization analysis”. Within each domain, search
terms were combined using the Boolean operator “OR”, and terms across domains were combined using “AND”.

Selection of Studies

Two independent reviewers (NC and PY) evaluated the eligibility of studies based on titles and abstracts. When
eligibility could not be determined, full texts were retrieved and reviewed. Disagreements were resolved through
discussion and, if necessary, consultation with a third reviewer (UC). Studies were included if they met the following
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criteria. Firstly, they were full economic evaluation studies including cost-effectiveness, cost-utility, cost-benefit, or cost-
minimization analyses comparing the cost-effectiveness of molecular testing with conventional culture-based strategies
considered as a gold standard for diagnosing pulmonary TB. Secondly, studies were included if they involved adult
participants (aged >15 years, as defined by WHO') with presumptive pulmonary TB with or without HIV infection.
Studies were excluded if they met any of following criteria. Firstly, they were review articles, editorials, or commen-
taries. Secondly, they lacked both cost and outcome data for the evaluated interventions. Lastly, the full text was not
available in English or Thai. These eligibility criteria are summarized in Table 1.

Data Extraction and Quality Assessment

Two independent reviewers (NC and PY) used standardized data extraction forms to collect information relevant to the
research question, methodology, and study characteristics. Extracted data were cross-checked and validated for com-
pleteness and accuracy. Three key domains were assessed for each included study: methodological variations, transpar-
ency of reporting, and quality of input parameters. Extracted study characteristics included first author’s affiliation,
funding sources, study setting, type of economic evaluation, models used, cost inputs, perspective, time horizon, cycle
length, discount rate, and sensitivity analysis methods.

To evaluate the quality and transparency of reporting, the reviewers applied the CHEERS 2022 checklist,” the current
international standard for health economic evaluations. This updated framework reflects recent methodological advances,
provides clearer guidance for consistent and transparent reporting, and ensures comparability across studies, making it
preferable to earlier versions of CHEERS or other reporting tools. Detailed results of CHEERS assessment are presented
in Table S3.

Data Synthesis and Analysis

This review aimed to compare the cost-effectiveness of Xpert MTB/RIF, TB-LAMP, and LPA in the diagnosis of
pulmonary TB across the included studies. However, direct comparison was not feasible due to substantial heterogeneity
among studies. Contributing factors included variations in perspectives (eg, societal, healthcare provider, governmental),
time horizons, intervention and comparator combinations (eg, Xpert MTB/RIF alone vs Xpert MTB/RIF combined with
other diagnostic tools) and outcome measures. Given this heterogeneity, a meta-analysis was not appropriate. Instead, the
findings were summarized narratively. In accordance with established systematic review guidelines (eg, PRISMA),
a narrative synthesis is an accepted approach when quantitative pooling is not feasible.® While the synthesis is narrative,
this review was conducted using rigorous systematic review methodology, including a registered protocol, comprehen-
sive search strategy, dual independent screening, and formal quality appraisal.

For each study, the reported incremental cost-effectiveness ratios (ICERs) and corresponding cost-effectiveness (CE)
thresholds were extracted and presented. These values were contextualized based on the country-specific thresholds or
other willingness-to-pay (WTP) benchmarks employed by the study authors. Because the included studies varied in time
horizons and outcome measures, eg, quality adjusted life years (QALYs), disability adjusted life years (DALYs), life
years (LYs), years of life saved (YLS), we standardized all reported costs to 2025 United States dollars (USD) and
compared ICERs against country-specific cost-effectiveness thresholds. This approach enabled consistent interpretation

Table | Inclusion and Exclusion Criteria for Study Selection

Criteria Type Description

Inclusion Criteria . Full economic evaluation studies (cost-effectiveness, cost-utility, cost-benefit, or cost-minimization analysis) comparing
molecular testing (eg, Xpert MTB/RIF, TB-LAMP, or LPA) with conventional culture-based strategies
2. Conducted in adult populations (aged 215 years) with presumptive pulmonary TB with or without HIV infection

3. Published in English or Thai Full text

Exclusion Criteria | |. Review articles, editorials, or commentaries

2. Participants with external pulmonary TB

Abbreviations: LPA, Line Probe Assay; TB, Tuberculosis.
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of cost-effectiveness across studies, despite heterogeneity in model structures, time horizons, and outcome metrics.
Additionally, the WHO?s list of high TB burden countries' was used for country classification. For studies that did not
explicitly report the year of cost analysis, the year of publication was used as a proxy.

Results

Study Information

The database search identified 260 records (PubMed=82, Embase=78, Scopus=100). After removing 135 duplicates, 125
titles/abstracts were screened, resulting in the exclusion of 69 records. Of the 56 full-text articles accessed for eligibility,
48 were excluded, leaving eight studies for qualitative synthesis. The full PRISMA 2020 flow chart is presented in
Figure 1. Table 2 presents characteristics of the included studies. Most of the included economic evaluations were
conducted in low- and lower-middle-income countries with a high TB burden. Six studies were based in sub-Saharan
Africa and South-East Asia—Mozambique,10 India,"" South Africa/Zambia/Zimbabwe/Tanzania,'? Ethiopia,13 Zambia'?
and Thailand'>—while two additional studies focused on Thailand’s national TB control context.'®'” All eight studies
assessed Xpert MTB/RIF as the primary molecular diagnostic. The two Thai studies also examined TB-LAMP as an
alternative or add-on diagnostic test.'®'” Of the articles assessed for eligibility, none were economic evaluations of LPA

10-13,15-17

that met the inclusion criteria. In seven of the studies, sputum-smear microscopy served as the primary

[ Identification of studies via databases and registers ]

)

Records identified from: Records removed before
PUBMED (n = 82) screening:
EMBASE (n=78) Duplicate records removed
SCOPUS (n = 100) (n=135)

Identification

[

Records excluded at title/abstract

screening (n=69)

- Not full EE study (n = 63)

Records screened - Not using molecular testing be
(n=125) intervention (n = 1)

- Not active pulmonary TB (n = 1)

- Not in English (n = 2)

- Not Adult (n=1)

- Not sputum sample (n=1)

Screening

Reports excluded at full-text
screening (n=48)
- Not full EE study (n=4)
Reports assessed for eligibility - Cannot access full text (n=4)

(n = 56) - Early HTA (n=1)
- Not in English (n=1)
- Not interesting comparator (n=9)
- Published year before 2018
(n=29)

Studies included in review
(n=8)

[ Included ] [

Figure | PRISMA 2020 flow diagram of study selection process.
Note: Adapted from Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n718
Abbreviations: EE, economic evaluation; HTA, health technology assessment.
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Table 2 Characteristics of Included Studies

Author Country Study Setting Funding Source Intervention Comparator Target Model Type Perspective | Discount | Sensitivity Analysis
(Year) Population Rate
Orlando Mozambique | HIV+ patients in DREAM program Xpert MTB/ Symptom Screening and HIV-positive, Decision model Health 3% One-way sensitivity
(2018)'° Mozambique and Global Fund RIF Sputum smear microscopy antiretroviral provider analysis
treatment-naive perspective
adults
Lee etal | India Public sector (DMCs NIH (NIDA, NIAID, Xpert MTB/ Sputum smear microscopy HIV-negative CEPAC-| Health 3% One-way, two-way,
(2019)"! and PHCs) NIMH) RIF adults with microsimulation provider and scenario
presumptive TB model perspective sensitivity analyses
(215 years old)
Pooran South Primary health-care EDCTP, South Xpert MTB/ Sputum smear microscopy Adults with no simulation Health Not One-way sensitivity
(2019)"? Africa, clinics African MRC, RIF (point of presumptive model provider specified analysis and
Zambia, National Research care) tuberculosis perspective probabilistic
Zimbabwe, Foundation sensitivity analyses
Tanzania
Khumsri Thailand Outpatient department Not specified Xpert MTB/ Sputum smear microscopy Adults 218 years | Decision tree Societal Not One-way and
(2020)"® of tertiary care hospital RIF with presumptive perspective applied probabilistic
pulmonary TB sensitivity analyses
Kaso & Ethiopia Public health facilities in | Addis Ababa Xpert MTB/ Sputum smear microscopy Suspected no simulation Health 3% Scenario analysis on
Hailu Arsi Zone (8 facilities: University & Gates RIF pulmonary TB model provider cost drivers (eg,
(2021)"3 hospitals and health Foundation patients perspective cartridge cost,
centers) machine lifespan)
Jo etal Zambia Community-level mass Stop TB X-ray with Passive Case Finding (PCF) Adults in Zambia, | Decision tree Health 3% one-way, three-way,
(021)"* screening via mobile Partnership’s TB CAD + Xpert including people and Markov provider and probabilistic
units REACH initiative MTB/RIF with HIV model perspective sensitivity analyses
Chitpim Thailand General population Thailand Science Initial Xpert Sputum Smear Microscopy + Thai adults over Hybrid Decision | Societal 3% One-way and
etal suspected of having Research and MTB/RIF, Culture and Drug 15 years with Tree-Markov perspective Probabilistic
(2022)'¢ pulmonary TB Innovation, HSRI, Initial TB- Susceptibility Testing (DST) suspected model Sensitivity Analysis
Mahidol University LAMP pulmonary TB
Add-on Xpert
MTB/RIF,
Add-on TB-
LAMP
Chitpim Thailand General Thai Thailand Science Initial Xpert Sputum Smear Microscopy Suspected TB Dynamic Societal 3% One-way and
etal population, national TB Research and MTB/RIF, with Culture and Drug cases aged 215 transmission perspective probabilistic
(2025)"7 program Innovation, HSRI, Initial TB- Susceptibility Testing years in Thailand | model sensitivity analysis
Mahidol University LAMP (conventional method) (Monte Carlo
Add-on Xpert simulation)
MTB/RIF,
Add-on TB-
LAMP

Abbreviations: DALY, Disability-Adjusted Life Year; ICER, Incremental Cost-Effectiveness Ratio; LY, Life Year; NA, Not Available; YLS, Years of Life Saved.
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comparator, whereas one Zambian study compared a mobile X-ray plus Xpert screening strategy to passive case
finding."*
In terms of methodology, five studies adopted a cost-utility analysis, reporting outcomes in terms of DALYs or

QALYs,'*'%1517 while three studies presented cost-effectiveness in natural units such as TB cases detected or YLS.'!31

Most studies adopted a healthcare provider perspectives, '

while three applied a societal perspective to account for patient-
incurred costs.">!” Decision-tree frameworks were the most commonly used modelling approach, employed in three
studies.'®'*!> These were complemented by a microsimulation model,'' a hybrid decision-tree-Markov structure,'®
a dynamic transmission model'” and pragmatic trial-based or program-specific model.'*'* Time horizons varied: four studies

d,'%1213:15 one assessed a five-year program cycle;'* another modelled

focused on the diagnostic episode or a one-year perio
a 15-year horizon;'” and two projected outcomes over a lifetime period.'"'® A 3% annual discount rate was applied in six
studies, while two studies did not discount due to short analytic time horizons.'*'> All studies conducted one-way sensitivity

analysis, and five included probabilistic sensitivity analyses (PSA) to explore parameter uncertainty.'''4!7

Cost-Effectiveness Analysis Results
Table 3 presents the cost-effectiveness analysis results of all included studies. Rapid molecular testing primarily Xpert
MTB/RIF was found to be either economically dominant or highly cost-effective relative to smear microscopy or passive

case finding. Three analyses'®'*!3

reported that Xpert was cost-saving, reducing total costs by 3570 USD per patient
while improving outcomes in terms of DALYs averted or TB cases detected. The remaining five studies reported
favorable ICERs. In low-income, high-burden settings, the cost per DALY averted ranged from cost-saving to 57 USD'?
and from 222 USD to 340 USD per YLS,!" well below commonly used WTP thresholds, typically 0.5-1 x GDP per
capita. In Thailand, two studies comparing both Xpert and TB-LAMP reported ICERs between 1,290 USD and 1,340
USD per QALY gained,'®!” which remain comfortably within the national threshold of 4,500 USD per QALY gained.
A single Zambian study'* evaluating a mobile digital-X-ray combined with Xpert yielded an ICER of 4,254 USD per
additional bacteriologically confirmed TB initiation, which is below the country’s WTP threshold.

PSA conducted in five studies consistently supported the base-case results. For example, Jo'* demonstrated a 97%
probability that the mobile-X-ray plus Xpert intervention would be cost-effective at a WTP of 4,800 USD per TB death
averted in Zambia. Both Thai studies'®'” revealed more than 95% probability of cost-effectiveness below the national
threshold of 4,500 USD per QALY gained. Khumsri'> found Xpert to be economically dominant in all 1,000 Monte-
Carlo simulations. Moreover, the analysis by Pooran'? was comparatively more uncertain, demonstrating a 61% prob-
ability of cost-effectiveness at its DALY-based WTP threshold. Across all PSA, the parameters with the greatest influence
on ICERs were the price of diagnostic cartridge, the underlying prevalence of TB, and the costs associated with
downstream treatment. Nevertheless, even under plausible variations in these parameters, molecular testing rarely
exceeded country-specific WTP thresholds.

Quality Assessment of Reporting
Reporting quality was generally high among the included studies. Application of the 28-item CHEERS 2022 checklist
revealed a median compliance of 23 items (82%), with individual scores ranging from 21/28 (75%) to 25/28 (89%). The
most comprehensive reporting was observed in Lee,'' which fulfilled 25 items (89%), followed by Jo'* with 24 items
(86%). Five studies'®!""13:1416:17 exceeded the 80% “good” reporting threshold, whereas two studies'*"'>
ized as “moderate” at 75% (Table S3).

All studies consistently reported key elements, including the title, abstract, background and objectives, study

were categor-

population, setting, comparators, perspective, time horizon, currency and price date, resource-use measurement, and
uncertainty analysis. However, no study provided a pre-published health-economic analysis plan (item 4) or discussed
stakeholder engagement (item 20). Only one study'' mentioned the public availability of analytic code or data (item 28).
Justification of model structure (item 16) and formal assessment of heterogeneity (item 18) were either missing or only
briefly addressed in approximately half of the studies. Additionally, two studies with short time horizon did not report

: : 12,1
discounting.'*"?
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Table 3 Cost-Effectiveness Results of Included Studies

number of TB case
diagnosed

versus 6800) TB patients and
avert 502 (611 versus 1113) TB-
associated deaths compared to
the status quo (passive case
finding)

averted

averted (about three
times Zambia’s GDP
per capita in 2018)

Author (Year) Type Time Currency Outcome Effectiveness Results Total Cost Total Cost ICER* CE Threshold CE Results
of EE | Horizon & Year Measures (Intervention) | (Comparator) Used
Orlando CUA | year UsD, 2016 | DALY NA $92,263 $147,226 $ 56.54/ DALYs Not provided NA
(2018)'° averted
Pooran (2019)'? CUA | year USD 2014 Number of NA Tanzania Tanzania: Tanzania: $4254 3x GDP per capita Cost-effective
treatment $304,051 $250,772 Zambia: Dominated per DALY averted
initiation, number Zambia $192,113 | Zambia: Zimbabwe: $1675 Tanzania: $2637
of treatment Zimbabwe $155,010 South Africa: $1373 Zambia: $3534
completion $261,975 Zimbabwe: ALL sites: $4185 Zimbabwe: $3027
South Africa $233,468 South Africa: $15,822
$171,145 South Africa: ALL sites: $8412
$139,306
All sites:
$215,346
Khumsri CUA | year usb Correct diagnosis, | Xpert MTB/RIF had 947.14 $143,110.64 $196,666.84 Dominant (more 160,000 THB per Cost-saving
(2020)"* Time to diagnosis, | QALYs vs 939.84 for AFB smear effective and less QALY ($5079.36)
QALYs gained costly)
Kaso & Hailu CEA | year USD, 2018 Number of TB 221 TB cases detected by Gene $77.9 (per case $55.8 (per case $20 per TB case No WTP threshold NA
(2021)"3 case detected Xpert, 74 by smear microscopy detected) detected) detected used (intermediate
outcome)
Jo etal (2021)"* CEA 5 years USD, 2019 | TB death averted, Incrementally diagnose 407 (7207 | $3,897,000 $2,787,000 $2,284 per death $4800 per TB death Cost-effective

(Continued)
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Table 3 (Continued).

LAMP: 6565 Baht

993 Baht/QALY
gained

Author (Year) Type Time Currency Outcome Effectiveness Results Total Cost Total Cost ICER¥* CE Threshold CE Results
of EE | Horizon & Year Measures (Intervention) | (Comparator) Used
Chitpim et al CUA 15 years Thai Baht, LY, QALY -Initial Xpert MTB/RIF: increased -Initial Xpert 1,320,355,676 -Initial Xpert MTB/ 160,000 Baht per Cost-effective
(2025)"7 2023 9671 QALYs per population MTB/RIF: Baht per RIF: Dominant QALY gained
-Initial TB-LAMP: increased 1,292,192,150 population -Initial TB-LAMP:
14,115 QALYs per population Baht per 6429 Baht/QALY
-Add-on Xpert MTB/RIF: population gained
increased 24,073 QALYs per -Initial TB-LAMP: -Add-on Xpert MTB/
population 1,411,099,374 RIF: 3670 Baht/QALY
-Add-on TB-LAMP: 9135 Baht per gained
increased 24,073 QALYs per population -Add-on TB-LAMP:
population -Add-on Xpert 3563 Baht/QALY
MTB/RIF: gained
1,408,692,323
Baht per
population
-Add-on TB-
LAMP:
1,352,902,142
Baht per
population
Leeetal (2019)'" | CEA Lifetime USD, 2017 | YLS, number of TB | Xpert increased life expectancy by | $120 $80 $222/YLS $990/YLS (50% of Cost-effective
cases detected/ 0.18 years India’s 2017 GDP per
linked to care capita)
Chitpim et al CUA Lifetime Baht, 2021 LYs, QALYs -Initial Xpert MTB/RIF: increased -Initial Xpert 6845 Baht -Initial Xpert MTB/ 160,000 Baht per Cost-saving or
(2022)'¢ 0.84 years MTB/RIF: 7010 RIF: 197 Baht/QALY QALY gained Cost-effective
-Initial TB-LAMP: increased 0.94 Baht gained
years -Initial TB-LAMP: -Initial TB-LAMP:
-Add-on Xpert MTB/RIF: 7626 Baht Dominant
increased 0.53 years -Add-on Xpert -Add-on Xpert MTB/
-Add-on TB-LAMP: increased 0.79 | MTB/RIF: 8924 RIF: 3940 Baht/QALY
years Baht gained
-Add-on TB- -Add-on TB-LAMP:

Abbreviations: DALY, Disability-Adjusted Life Year; ICER, Incremental Cost-Effectiveness Ratio; LY, Life Year; NA, Not Available; YLS, Years of Life Saved; CE, Cost-Effectiveness.
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Discussion

This study presents the most-updated systematic review of economic evaluations of all WHO-endorsed molecular TB
diagnostics, specifically Xpert MTB/RIF, TB-LAMP and LPA compared to conventional diagnostic strategies in
presumptive adult pulmonary TB. Building upon previous systematic reviews, including those by Sagili et al and Hao
et al, this review extends the evidence base to include studies published through March 2025.%7 Notably, it significantly
updates the last comprehensive review by Hao et al,” which included studies only up to mid-2020. Over the past five
years, the evidence base has become more refined. While earlier reviews included numerous heterogeneous conference
abstracts, our analysis incorporated eight peer-reviewed journal articles, five of which were published after 2020. These
studies provide more robust and detailed evaluations of both cost and effectiveness. Importantly, this review is the first to
include dynamic transmission models and programmatic-level evaluations for TB-LAMP and for mobile X-ray combined
with Xpert MTB/RIF, providing a more nuanced perspective on large scale implementation scenarios and their long-term
public health impact.

Our review revealed that all eight eligible economic evaluation studies were conducted in Mozambique,'® India,"!
South Africa, Zambia, Zimbabwe, Tanzania,12 Ethiopia,13 Zambia'* and Thailand,lsf17 countries classified as low-,
lower-middle-, or middle-income countries with a high-TB-burden. According to the WHO’s latest classification for
2021-2025, 30 countries are designated as high-burden for TB, accounting for nearly 87% of global TB cases.'®
However, only nine of these countries have conducted economic evaluations of diagnostic tests for pulmonary TB.
This highlights a significant gap in the evidence base and raises concerns about the lack of such studies in many high-
burden countries.

To enable meaningful cross-country comparisons, an element lacking in previous reviews, we adjusted all ICER
values to local prices, converted to 2025 USD, and compared them against country specific cost-effectiveness thresholds.
Although our findings indicated that rapid molecular testing was either cost-saving or highly cost-effective across all

studies,'®!7

the key drivers of parameter uncertainty were cartridge price, underlying TB prevalence, and downstream
treatment costs. These findings underscore the need for caution when generalizing economic evaluation results across
countries, as differences in epidemiological contexts, health system capacity, and cost structures can significantly
influence outcomes. Beyond the methodological considerations of the economic models, real-world implementation
faces significant challenges, including infrastructural needs, logistical hurdles with supply chains, and the requirement for
trained personnel. Overcoming these barriers is crucial to ensure the effective uptake of these molecular tests.

1017 Wwhile two

In addition, all included studies assessed Xpert MTB/RIF as the primary molecular diagnostic test,
studies from Thailand'®'” also examined TB-LAMP, either as an alternative or as an add-on test compared with sputum-
smear microscopy. These findings are consistent with WHO recommendations, which advocate the use of Xpert MTB/
RIF Ultra, Truenat, and TB-LAMP as the initial diagnostic options for individuals with presumptive TB.?> Remarkably,
our reviewed suggested that the majority of studies (5 out of 6 studies) applied a cost-utility analysis, reporting outcomes
in terms of DALYs or QALYSs, which are particularly relevant for informing policy decisions regarding the inclusion of
TB diagnostic tests in healthcare benefit packages.'®'%'>"'7 Moreover, decision-tree models were the most commonly
used modelling approach,'®'*'> followed by pragmatic trial-based or program-specific model,'*'* microsimulation
model,'" a hybrid decision-tree—Markov structure,'® and a dynamic transmission model.'” Despite TB being an infectious
disease with person-to-person transmission, only one study applied a dynamic transmission model to account for both the
direct and indirect effects of TB transmission.'” This model specifically evaluated the potential impact of diagnostic
delays such as differences in turnaround time between testing with molecular diagnostic tests and sputum-smear
microscopy on disease spread within the community.'” However, conducting such dynamic models is often challenging
due to their significant complexity and extensive data requirements, particularly for country-specific transmission
parameters that are frequently unavailable. These findings suggest that future economic evaluation studies should
incorporate dynamic transmission models to more accurately reflect the epidemiological and public health implications
of diagnostic strategies.

In terms of quality assessment based on the 28-item CHEERS 2022 checklist, we excluded grey literature that
did not meet minimum methodological standards, resulting in a more reliable evidence base. Overall, the reporting
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quality was generally high among the included studies. However, several important elements consistently lacking,
including a pre-published health-economic analysis plan (item 4), stakeholder engagement (item 20), justification of
model structure (item 16) and a formal assessment of heterogeneity (item 18). Future economic evaluations should
aim to incorporate these components to enhance the transparency, methodological rigor and relevance to decision-
makers.

It is important to acknowledge the limitations of our study. First, we included only English-language full-text articles
and excluded grey literatures, which may contain valuable local insights on economic evaluation of molecular tests.
Second, we assessed reporting quality solely using the CHEERS 2022 checklist. Although existing guidelines for quality
assessment of health economics models have been published by the International Society of Pharmacoeconomics and
Outcomes Research (ISPOR) and the National Institute for Health and Care Excellence (NICE),' ' we did not apply
them in this review. Future studies should consider incorporating multiple quality appraisal tools to strengthen the
robustness of their assessments.

Conclusion

In summary, this systematic review synthesized current evidence on the cost-effectiveness of rapid molecular diagnostics
for presumptive adult pulmonary TB, including Xpert MTB/RIF, TB-LAMP and LPA, compared with conventional
strategies, covering studies published up to March 2025. Eight studies were identified, all from high TB burden low- and
lower-middle-income countries. Across diverse settings, these molecular tests were consistently found to be cost-saving
or highly cost-effective. By contextualizing ICERs against country-specific thresholds, our review enabled meaningful
interpretation across studies despite heterogeneity in time horizons, model structures, and outcome measures. In addition,
key drivers of parameter uncertainty included cartridge prices, TB prevalence and downstream treatment costs. Based on
the CHEERS 2022 checklist, the overall reporting quality of included studies was relatively high. However, our review
also highlights a continued lack of economic evaluation studies of molecular diagnostic tests in many high-burden
countries. Moreover, the generalizability of economic evaluation results across different settings should be approached
with caution in policy decision making, given variations in epidemiological and health system contexts. Overall, our
findings provide evidence to guide national TB programs in adopting rapid molecular diagnostics as cost-effective tools
to optimize resource allocation in high-burden settings. This offers a strong economic rationale for policymakers to
prioritize funding and scale-up of these diagnostics over conventional methods. To strengthen the evidence base, future
research should incorporate dynamic transmission models and assess the equity implications of diagnostic strategies to
ensure benefits reach the most vulnerable populations. Linking such evidence into national policy frameworks and donor
funding priorities will be critical to accelerate adoption, maximize health gains, and support sustainable investments in
TB control.
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