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Abstract

Background Tuberculosis (TB) symptom screening and testing using either smear microscopy or GeneXpert MTB/
RIF Ultra (Xpert Ultra) have been the mainstay for diagnosing TB disease in case finding. Reliance on symptom-based
TB screening results in missed TB cases, and universal TB testing approach might be more suitable to find missing TB
cases in high-risk populations. Universal TB testing involves testing for TB disease regardless of TB symptoms in those
at risk of TB. However, limited evidence exists to support its adoption including cost-effectiveness. In this study, we
will evaluate the effectiveness of universal TB testing for detection of TB and uptake of TB preventive therapy (TPT)
among eligible household and community contacts in high TB settings as per country guidelines.

Methods This is a pragmatic cluster-randomised trial conducted in Lesotho and Tanzania. Drug-sensitive TB (DS-TB)
index patients aged > 18 years, who have at least one contact, will be enrolled if they are microbiologically confirmed
with TB within < 6 weeks of diagnosis at the time of recruitment by study team at health facilities in selected districts
or regions. Each TB index patient and their contact(s) will be randomised into either universal TB testing or standard
TB screening arms. Household and community contacts listed by each TB index case will be enumerated and invited
to participate in the study after providing informed consent or assent during household visits. The study has four
sub-studies including health economics and modelling, paediatrics, microbiology, and socio-behavioural. A prepara-
tory cross-sectional study will be conducted before delivery of the pragmatic cluster-randomised trial. It will deter-
mine the prevalence of TB infection (TBI), TPT eligibility in household contacts (HHCs), and compare the performance
of QuantiFERON-TB-Gold-Plus (QFT-Plus) and QlAreach for diagnosing TBI among HHCs of TB index patients. Cluster-
randomised trial and community contact tracing will be conducted in phase II.
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have been undertaken.

Protocol version number and date.
Version 1.2, dated 15 January 2023.

Date recruitment began.

1 March 2022.

Estimated date of recruitment completion.
31 July 2025.

Tuberculosis infection, High TB burden

Significance This trial will provide evidence for a more intensive approach which is hypothesised to increase cost-
effectiveness of TB case finding. In addition, it will provide evidence for high TB burden countries with inherently dif-
ferent cost structures compared to intermediate and low burden settings where previous cost-effectiveness analyses

Clinical trial registration number BMC Trial Registry ISRCTN10003903. Registered on December 22, 2020.

Keywords Tuberculosis, Universal TB testing, Household contacts, Household contact tracing, TB preventive therapy,

Introduction

Tuberculosis (TB) is a communicable disease caused by
Mycobacterium tuberculosis [1]. Despite being curable
and preventable, TB remains one of the deadliest infec-
tious diseases worldwide [1]. In 2023, 10.8 million peo-
ple fell ill with TB, but only 8.4 million notified, and more
than 1.23 million succumbed to the disease [1]. Contacts
of people diagnosed with TB are at high risk of develop-
ing TB as a result of their close proximity and persistent
exposure to infectious TB at household and community
levels [2]. As a result, national TB programmes have
prioritised TB case detection among TB contacts to
curb the ongoing transmission in this population group
through active case finding methods such as household
contact tracing (HHCT), TB screening or testing, and TB
preventive therapy (TPT) [3-5].

HHCT is a well-established method for detecting and
preventing TB transmission, through increasing the
number TB cases detected for treatment and offering an
opportunity for TPT. However, its programmatic adop-
tion remains mixed [3-5]. One of the key challenges is
the varying yield of TB patients reported among contacts
aged >5 years, ranging from 1.5% to 7.8% [6—9]. Symp-
tom-based screening has been most commonly used
in low resource settings. However, the symptom-based
screening has demonstrated sub-optimal sensitivity for
identifying individuals with undiagnosed TB, leading to
missed cases [10]. The universal TB testing approach,
testing for TB using rapid-molecular tests regardless of
symptoms, might help increase the yield and prove to be
cost-effective. A trial in South Africa reported a five-fold
increase in TB case detection among HIV-positive preg-
nant women when universal TB testing was employed

[11-13]. However, there is a lack of evidence on the uni-
versal TB testing in the general population and other
groups, including contacts, and its cost-effectiveness is
unknown.

Moreover, it is not known how universal TB testing
impacts TPT uptake in contacts. Global TPT uptake
remains far from optimal. According to the 2023 World
Health Organization (WHO) global TB report, only 10%
(2 million) of contacts aged > 5 years and 49-55% of those
aged <5 years received TPT between 2018 and 2022 [14].
One of the challenges is the need to rule out active TB
and the fear of generating drug resistance. While X-ray-
based screening is recommended by the WHO, its avail-
ability is limited. A simplified algorithm, employing the
universal screening and TB testing, may facilitate the ini-
tiation of TPT by addressing need to rule TB and address
risk of drug resistance.

We hypothesise that universal testing of high-risk pop-
ulations such as contacts of TB patients will: [1] increase
the number of contacts reached for TB screening; [2]
increase the yield of undiagnosed TB; and [3] assist in
ruling out active TB disease thereby increasing the num-
ber of contacts started on TPT. This will ultimately pro-
vide simplified algorithms for TB contact investigation.

Another knowledge gap in the implementation of
contact tracing relates to defining who is deemed a
significant ‘contact’ and the extent to which contact
tracing should be conducted. The evidence for defin-
ing this threshold is limited and at times conflict-
ing and requires further evaluation. Limited evidence
has suggested that more emphasis should be placed
on ‘community contacts’ with a higher proportion of
linked transmission occurring outside than within the
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household when using genotyping. Among children
in the Gambia, where extended family compounds are
common, nearly half of all co-prevalent TB disease
diagnosed in child contacts would have been missed if
contact tracing was restricted to the immediate house-
holds [8]. In contrast, a study in Vietnam did not report
finding any undiagnosed TB among extended contacts
of multi-drug resistant TB (MDR-TB) index patients
[15]. Concerns of stigma and disclosure of TB sta-
tus to community contacts also arise when extending
the reach of contact tracing and thus needs additional
evaluation.

We are conducting a pragmatic cluster-randomised
trial with the primary objective to evaluate the effec-
tiveness of universal TB testing compared to standard
TB screening for detection of TB among household and
community contacts in Lesotho and Tanzania. As the
secondary objectives, the study will also compare the
uptake of TPT in the households that offered univer-
sal TB testing compared to standard TB screening per
country guidelines.

The study aims to enhance TB case detection among
these community contacts through systematic screen-
ing and testing for TBI. One of the primary objectives
is to determine the prevalence of TPT eligibility among
these contacts, particularly focusing on those who are
people living with HIV, children under 5 years of age in
Tanzania and children under the age of 15 in Lesotho,
or those who test positive on the TBI test. By including
community contacts in the screening process, the study
seeks to compare the uptake of TPT and the diagnos-
tic yield of TB cases between those offered universal TB
testing and those undergoing standard TB screening.

Year 1 Year 2-3

100 TB index patients

per country

l I Randomised I

600 TB index patients per country
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This approach is expected to provide valuable insights
into the effectiveness of extending TB screening beyond
HHCs, ultimately contributing to improved TB control
strategies in the targeted regions.

Methodology

Study design and setting

We will conduct a pragmatic cluster-randomised con-
trolled trial, with the cluster as household, in the peri-
urban communities of Lesotho (Maseru, Thaba-Tseka,
Berea, and Quthing districts) and Tanzania (Songwe and
Mbeya regions). The chosen study sites are situated in
geographies with varying TB incidence rates, socio-eco-
nomic profiles, and differing human immunodeficiency
virus (HIV) prevalence [1]. The study will comprise of
phase I, a preparatory study, and phase II where ran-
domisation will occur (Fig. 1).

Study population and eligibility criteria

We will enrol drug-sensitive TB (DS-TB) index patients
and their household and/or community contacts. TB
index patients who: [1] are aged > 18 years; [2] are micro-
biologically confirmed with TB within <6 weeks of diag-
nosis at a time of recruitment; and (3) have at least one
household contact. Household contacts are defined as
a person who shared the same enclosed living space for
7 nights or for frequent or extended periods during the
day with the index patient during the 3 months before
commencement of the current treatment episode and
community contact as any individual that spends more
than 1 h a day with the index patient at least 3—4 times
a week (typically work colleagues, friends, school mates,
caregivers).

TB household

Universal Testing of 1
contacts

Universal Testing ’ l

Standard TB Household
Screening Contacts

Fig. 1 Schematic representation of our study design

100 TB index patients per
country

‘ Standard TB
Screening

Community
Contacts
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Description of study arms

Intervention arm

The intervention arm will be universal TB testing
which will involve testing for TB of all HHCs (regard-
less of TB symptoms) with Xpert MTB/RIF Ultra
(Xpert Ultra) and referral of TB-positive patients for
TB treatment at their chosen or nearest health facility.
Those that do not have symptoms or test negative on
Xpert Ultra will be referred for TPT to their preferred
health facilities.

Standard of care arm

The standard of care will involve standard TB screening,
using WHO four-symptom screening questions (cough,
fever, night sweats, or unintentional weight-loss). All
HHCs who self-report one or more TB symptom will be
asked to provide a spot-sputum sample for investigation
using Xpert Ultra. Those who test positive with Xpert
Ultra will be referred for TB treatment at their chosen
or nearest health facility. HHCs that do not report symp-
toms or test negative on Xpert Ultra will be referred for
TPT as per national guidelines.

Description of study procedures

Recruitment procedures

Recruitment of TB index patients will take place
at health care facilities, through collaboration with
national TB programmes in each country. HHCs will
be recruited during household visits at addresses given
by TB index patients. Written informed consent will be
obtained from all participants prior to any study-spe-
cific procedures.

Phase I will be a cross-sectional study conducted to
inform the need for and type of TBI test to be used in
the pragmatic cluster-randomised trial (phase II). Phase I
objectives include: [1] to determine the prevalence of TBI
and TPT eligibility among TB contacts and [2] to assess
the diagnostic agreement of QFT-Plus and QIAreach
for diagnosing TBI among HHCs of TB index patients.
In phase I, to assess TB infection status, blood samples
will be collected from HHCs aged>5 years. A single
lithium heparin tube will be used to collect blood sample
for QuantiFERON-TB-Gold-Plus (QFT-Plus) process-
ing, testing, and interpretation following manufacturer’s
guidelines. Those with positive QFT-Plus results will be
considered to have TBL

In phase II, following consent, index cases and their
households will be randomised together to the same arm
of the study. In the intervention arm, contacts aged >5
years will be requested to provide sputum samples for
microbiological testing using the Xpert Ultra test regard-
less of whether they exhibit TB symptoms.
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Clinical procedures

Sputum samples will be collected from TB index
patients for culture (Liquid MGIT TB culture system,
Becton Dickinson) testing. Among HHCs, sputum sam-
ples will be collected for Xpert Ultra testing according
to their randomised arm, with additional culture test-
ing performed only among those with positive Xpert
Ultra results. Alternative sampling methods such as
stool, urine, and induced sputum will be employed in
children who cannot spontaneously produce sputum in
Tanzania. HIV testing will be provided to HHCs who
are HIV negative, have an unknown HIV status, or
have not been tested in the last 6 months (3 months for
Lesotho).

Household follow-up visits
A first household follow-up visit will be conducted to: (i)
provide Xpert Ultra and QFT-Plus results, (ii) refer those
who test positive on Xpert Ultra to start TB treatment,
(iii) collect second sputum samples among those who had
positive Xpert Ultra results, and (iv) refer eligible partici-
pants for TPT per country guideline and those with posi-
tive QFT-Plus results and negative Xpert Ultra results.
A second household follow-up visit will be conducted:
(i) to check if those who were referred at first follow-up
visits went to the clinic for appropriate care and (ii) to
ascertain the outcome of TB treatment or TPT initiation.
Table 1 illustrates the schedule of events, procedures, and
flow of participants in the different intervention arms
throughout the study, while Fig. 2 shows the overview of
the study project and phases.

CRF, case report form; TB, tuberculosis; LTBI, latent
TB infection; TPT, TB preventive therapy; Xpert, GeneX-
pert MTB/RIF.

Description of substudies

Economic evaluation—health economics and modelling

We will perform a full economic costing from a societal
perspective including both provider and patient costs to:
(i) determine the relative cost-effectiveness in terms of
incremental cost per additional case detected through
a universal TB testing strategy using Xpert Ultra vs. the
standard TB screening using symptoms and (ii) evaluate
cost-effectiveness and model the effect on TB incidence
of the interventions: universal TB testing vs. standard
TB symptom screening and household testing vs. com-
munity testing. Provider costs include all resources uti-
lised in the two contact tracing strategies. To the extent
possible, patient costs of TB treatment will be based on
published literature and complemented with data from
local surveys as required. Modelling is an efficient means
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Study Timelines and Recruitment Status

Preparatory Phase (2020-2021)

« Initjiate consortium and prepare for the
main trial.

« Develop project management structure
and study procedures.

 Conduct regulatory submissions and
training.

Organize key meetings (Start, Interim,
Final).

Post-Study Activities (August 2025
onwards)

+ Data cleaning and analysis (TB yield,
subgroup analysis).

* Interim and final evaluations.

+ Disseminate results and conduct policy
briefings.

* Project closure: scale -up meetings
capacity building, and website updates.

Fig. 2 Overview of the study project and phases

of testing different combinations of innovations to pro-
ject their potential impact, thus reducing the need for
costly, large-scale primary research studies. We will build
a Markov model with activation to active TB as the main
outcome. TPT uptake (for a specific subset of children
in Tanzania) will be based on empirical data generated
within the project.

Paediatric evaluation

All child contacts will be evaluated for TB to improve
TB screening and uptake of TPT in child contacts.
Informed consent will be obtained from parents or
legal guardians in preferred local languages in addition
to English. The assent form will be used when the child
age is 7—17 years.

Child contacts will be screened as per country spe-
cific guidelines; however, specific screening approaches
will be implemented for child contacts <10 years who
are typically unable to expectorate sputum. In chil-
dren < 10 years, sputum will not be collected if they are
asymptomatic and cannot spontaneously produce spu-
tum. In children < 10 years in Tanzania, only those who
are symptomatic will be invited at the childhood TB
clinic for sputum induction, and in addition stool for
Xpert Ultra and urine for LAM will be collected.

-

Phase 1 (2021-2022)

» Conduct a 6-month pilot study (up to 100
patients per countryﬁ

 Assess LTBI treatment eligibility using Xpert
Ultra and IGRA tests.

* Decision point: If eligibility <80%, reconsider
LTBI testing for Phase 2.

Phase 2 (2022-2025) No cost extension
Included to end of July 2025

¢ Run main trial (18-24 months) in Lesotho and
Tanzanla.

« Enroll up to 600 patients per country.
« Evaluate effectiveness (primary objective).

* Assess secondary outcomes: TPT uptake, test
comparisons, socio-behavioral feasibility,
stigma, and health economics.

Microbiology methods

The study aims to understand transmission dynamics
using next generation whole genome sequencing (NG-
WGS) between TB index patients and their household
and community contacts. We will do this to determine
what proportion of co-prevalent TB cases identified
among household and community contacts are related
to the index TB patient.

Qualitative evaluation—socio-behavioural component

A descriptive qualitative study design will be used for this
study. In-depth interviews will be the key method of data
collection to understand how drivers, facilitators, stigma
marking, experiences, and practices influence imple-
mentation of TB case finding and TPT uptake for HHC
and community contacts of index cases. The study will
also aim to understand the caregivers’ (parents and legal
guardians) experiences of caring for children on TPT.
As secondary objectives, this component will seek to
describe the stigmatisation process across a socio-ecolog-
ical spectrum in the context of TB testing and treatment,
specifically universal TB testing and TPT. In addition, we
will explore stigma that intersect with TB, such as HIV
co-infection, symptoms of TB, age, race, gender, and pov-
erty. Lastly, we will assess barriers to TB screening, as
well as initiation of TPT in child TB contacts.
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The study population will consist of participants
recruited in the main cluster-randomised trial in Tan-
zania and Lesotho, as well as TB index patients access-
ing treatment from the study facility. We will interview
at least 75 participants per country: 20 TB index
patients, 15 caregivers of children on TPT, 20 HHCs,
and 20 community contacts. We will assess the data for
saturation of themes and if convergence has not been
attained then we will continue with the interviews to a
maximum of 105 participants per country: 30 TB index
patients, 15 caregivers of children on TPT, 30 HHCs,
and 30 community contacts. We will ensure that there
is a variation in gender and age within and across
countries.

Trial outcomes

For the preparatory study (phase I), the key outcomes will
be: [1] prevalence of TBI, defined as proportion of HHCs
with a positive QFT-Plus test; [2] TPT eligibility among
HHCs, defined as proportion of HHCs with a positive
TBI test, or HIV positive or child less than 5 years of age
in Tanzania and less than 15 years in Lesotho; and (3)
diagnostic concordance of QIAreach compared against
QFT-Plus.

For phase II, the primary endpoint is TB case finding
yield which will be measured as the proportion of new
microbiologically confirmed TB patients (positive on
smear, Xpert Ultra, or culture) identified among contacts
screened for TB comparing universal TB testing and
standard TB symptom screening. The secondary end-
points of the trial will be: [1] the uptake of TPT, defined
as the proportion of eligible HHCs (adults or children)
started on TPT in accordance with country specific
national guidelines, and [2] TB treatment uptake, defined
as proportion of HHCs (adults or children) diagnosed
with microbiologically confirmed TB initiated or started
on TB treatment in accordance with country specific
national guidelines.

For the community contact tracing component, TB
case finding yield will be the key endpoint, defined as
the proportion of new microbiologically confirmed TB
patients (positive on smear, Xpert Ultra, or culture) iden-
tified among community contacts screened for TB, com-
paring universal TB testing (intervention) and standard
TB screening.

For economic evaluation (health economics and mod-
elling), the outcome will be the cost-effectiveness of the
effect of the intervention on TB incidence: universal TB
testing vs. standard TB screening. For paediatric evalu-
ation sub-study, the outcome will be the proportion of
child contacts under 10 years of age who start TPT. For
the microbiology component, the outcome will be TB
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transmission dynamics by determining genomic rela-
tionship between TB diagnosed among household and
community contacts to the TB index patients using NG-
WGS. Qualitative outcomes will be perceived barriers
and facilitators to universal TB testing, TPT initiation
and completion. These will also include universal TB
testing and impact on stigma that affects TB case finding
and uptake of TPT. Stigma and caregivers’ experiences
with children on TPT will also form part of our qualita-
tive outcomes.

Sample size considerations

For the cluster-randomised trial (phase II), we aim to
enrol 600 TB index patients in each of the two countries.
Among these patients, 300 will be assigned to the stand-
ard TB screening arm, while the remaining 300 will be
allocated to the universal TB testing arm. In addition to
this among 100 index cases from each arm, community
contacts will be screened.

The total number of community contacts to be
screened per country in the CUT-TB study is approxi-
mately 3 community contacts per TB index patient.
Given that the study plans to enrol around 100 TB index
patients per country, this results in a total of about 300
community contacts per country to be screened. Com-
munity contacts are defined as individuals who have close
interactions with TB index patients but do not reside in
the same household.

It is anticipated that there will be 3 to 5 HHCs per TB
index patient, resulting in a total of 900 to 1500 HHCs
per country per arm. The chosen sample size ensures
good precision for estimating the difference in TB yield
between the two arms specifically 6% and 3% in inter-
vention arm and the standard of care arm, respectively.
Specifically, the effective sample size (ESS) per arm for
Tanzania and Lesotho will be approximately 923 and
1071, respectively. Consequently, the expected preci-
sion for the difference in yield is approximately+1.9%
and + 1.8%, respectively.

Data management and analyses

Data management

In this study, REDCap is utilised as the database for
collecting and managing data, with a structured ques-
tionnaire tool designed and tested before deployment.
Research assistants will administer the REDCap survey
to collect data, utilising its features for defining study
attributes, managing user access, and facilitating data
extraction. The platform allows data entry and clean-
ing within the system, accessible via web or mobile app.
Health economics, microbiology, and paediatrics data
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will be integrated, with a focus on data quality and secure
input processes.

The analysis plan for phase I study will focus on the
prevalence of criteria for treatment of TBI, expected to
be around 80%, with a precision of 5% (95% confidence
interval of 75-85%). The data will be analysed to deter-
mine the proportion of contacts eligible for TPT based
on their test results and demographic factors. This phase
will also assess the feasibility of including TBI testing in
the main trial, depending on the eligibility rates observed.
Statistical methods will include logistic regression to
evaluate the outcomes and adjust for potential confound-
ers, ensuring robust findings that can inform the subse-
quent phases of the study.

Data analysis principles

The study design for the phase II, cluster-randomised
trial focuses on defining primary and secondary out-
comes related to TB screening and treatment. The pri-
mary outcome is determined for all HHCs who consent,
even though not all contacts are part of the intention-to-
treat (ITT) population due to randomisation methods.
The analysis considers that the trial arm should not influ-
ence the proportion of contacts agreeing to screen. TB
detection is a secondary outcome among all HHCs, seen
as the ITT population.

Per-protocol analysis will be used for TPT uptake, TB
treatment uptake, and TB treatment outcomes. Results
will be reported for both standard TB screening and uni-
versal TB testing arms, with further stratification by TB
symptoms in the universal testing arm. Community con-
tacts are excluded from the primary analysis but will be
considered in secondary analyses for TB yield, TPT eli-
gibility, and initiation. These outcomes, however, will not
be included in the primary results publication.

The study design for the cluster-randomised trial is
meticulously planned, focusing on key aspects such as
confidence intervals, p values, baseline factors, and com-
parability between randomisation arms. Adjustment for
design and baseline factors is carefully considered, with
a weighting method as a sensitivity analysis to achieve
balance between arms. Anticipated low levels of missing
data for main outcomes will allow for available case anal-
yses, and effect measures will be expressed as adjusted
odds ratios with 95% confidence intervals. The conduct
of a pooled analysis across countries will provide a com-
prehensive overview, with comparisons between house-
hold and community contacts to assess TB prevalence
and intervention effectiveness.

Detailed analysis plans encompass recruitment, inter-
vention uptake, and follow-up procedures following
CONSORT guidelines. Sensitivity analyses and subgroup
analyses by country and age groups will be conducted to
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ensure robust results. Sensitivity analyses will explore
how results might change with different diagnostic
thresholds or methods, while subgroup analyses will
break down the population into specific age groups (e.g.
children under 5 and those aged 5-10) and countries
(like Tanzania and Lesotho) to identify trends and differ-
ences in TB screening and treatment efficacy. This dual
approach is crucial for ensuring that the study’s conclu-
sions are valid across diverse populations, allowing for
the development of tailored public health strategies that
effectively address the unique characteristics and needs
of each subgroup affected by TB.

Regression diagnostics will help diagnose model fit
issues, with analysis checking procedures in place to
verify primary outcome results. The thorough approach
to data analysis and reporting in this trial aims to pro-
vide reliable insights into TB screening and treatment
outcomes across different settings and populations.
The Technical Data Manager at The Aurum Institute
will manage the final data set, while other staff such as
investigators will have role-based access to REDCap
data system specific to the site. Predefined permissions
will ensure confidentiality and compliance with ethical
standards.

Ethics considerations

The study obtained ethical clearance from Johns Hop-
kins Bloomberg School of Public Health’s Institutional
Review Board (Ref: 16,967) and Lesotho National Health
Research Ethics Committee (Ref: 37-2021) in Lesotho. In
Tanzania, ethical clearance was received from Tanzania
Medical Research Coordinating Committee (Ref: NIMR/
HQ/R.8a/Vol.IX/3799) and Mbeya Medical Research and
Ethics Review Committee (Ref: SZEC-2439/R.C/V.1/55).

Prior to commencement of study procedures, we will
seek informed consent from all study participants using
written informed consent and information sheet availa-
ble in the commonly used local languages. Assent will be
obtained from participants aged 7-17 years. An impartial
witness is used to witness the verbal consent for illiter-
ate participants. Privacy and confidentiality will be main-
tained throughout the study. Every attempt will be made
to ensure that the study procedures are conducted in a
safe, secure, and private environment to ensure confiden-
tiality and dignity of all study participants.

Participants will be informed that the study has mini-
mal risks associated with participation, and that no post
care will be offered by protocol except routine care as
guided by national TB treatment guidelines. No formal
compensation is planned except that participants will
retain the right to withdraw consent at any point in the
study. Electronic database will be password protected and
only the designated researchers and regulatory bodies
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will have access to the database. In addition, study per-
sonnel will be trained on ethical processes and practices
through good clinical practice course. All paper-based
documents with personal identifiers will be kept under
lock and key. Lastly, the study has a trial steering com-
mittee that meets biannually to discuss study progress.

Discussion

This study aims to evaluate the effectiveness of univer-
sal TB testing in increasing the detection of new micro-
biologically confirmed TB cases among household and
community contacts in Lesotho and Tanzania. The
researchers highlight the importance of HHCT as an
effective strategy, which can identify significantly more
undiagnosed TB cases compared to passive case finding
[5, 16]. Evidence from other high TB prevalence settings,
such as Vietnam, supports the cost-effectiveness of con-
tact tracing when combined with passive case finding
[16]. The study hypothesises that universal TB testing
will increase the number of contacts screened, yield more
undiagnosed TB cases, and help rule out active TB, ulti-
mately reducing transmission.

However, there are counterarguments to the imple-
mentation of universal TB testing. Symptom screening,
the current standard, has shown sub-optimal sensitivity
and missed cases, leading to the exploration of universal
testing [10]. But the reliance on advanced genomic tech-
niques for TB transmission dynamics and drug resistance
analysis may limit feasibility in resource-limited settings.
Additionally, the complexity and resource demands of
genomic data analysis could delay the practical applica-
tion of findings. Economic evaluations using models may
not fully capture real-world variability, potentially affect-
ing the accuracy of cost-effectiveness analyses.

The study also consists of four sub-studies. Firstly,
a paediatric TB screening and preventive therapy, aim-
ing to improve outcomes for children under 10 years. A
second sub-study will be a health economic cost-effec-
tiveness evaluation of universal TB testing relative to
symptom based TB testing. Thirdly, a socio-behavioural
sub-study will assess drivers, facilitators, stigma mark-
ings, experiences and practices that influence TPT
uptake. Lastly, the microbilogy sub-study will evaluate
the genomic co-prevalence dynamics between household
transmission and community transmission. The multifac-
eted nature of the research activities in the protocol high-
lights the need for careful planning and consideration for
the implementation of the study.

Strengths and limitations
The study will be implemented as a pragmatic trial in two
countries with differing epidemics and socio-economic
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profiles, using existing processes for TB contact tracing.
This is a strength of the study as it ensures that we can
generalise our findings to similar settings and also meas-
ure the true impact of introducing universal TB testing
within the routine programme, rather than under clinical
trial conditions, which are often not reproducible in pro-
grammes. As the trial is pragmatic, it will rely on routine
systems for sample collection, laboratory processing, and
accessing results. We will also rely on routine systems
to ensure that contacts are started on TPT, and follow-
up of persons diagnosed with TB. This is a strength in
that using the available non-experimental real-world
resources captures the effectiveness of the intervention
without confounding through experimental manipula-
tion. In addition, the sub-studies ensure a comprehensive
approach that includes economic, paediatric, microbiol-
ogy, and qualitative components to bring about a holistic
conclusion on the effectiveness of the two interventions.

Other limitations are a high probability of low sputum
MTB load and quality in asymptomatic participants, ren-
dering some tests not effectively usable. Some HHCs may
not be contacted by random chance, as these are socio-
economically active people or children at school who
might not be available for study procedures. Finally, other
limitations are in relation to existing known limitations
of Xpert Ultra testing, such as availability, cost, electricity
dependence, and cartridge shelf life. Ultimately, the goal
of our intervention is to reduce TB incidence both within
households and to reduce transmission to communities.
Lastly, although the study will be conducted in multiple
regions in each of the two countries, the sample size will
be relatively smaller and therefore will make it difficult to
generalise our findings to other regions.

Dissemination

The plan involves the development of a communica-
tion strategy through formative activities, network
meetings, and community engagement to ensure wide
visibility and maximise the impact of the project out-
comes. The dissemination and publication of results
will entail submission to peer-reviewed journals,
engagement with local and international civil society
and community groups, communication and dissemi-
nation strategies, presentations at local, national, and
international conferences, and networking. The plan
also includes the development of information materials
and the use of media, the introduction of the project
to relevant regional and global initiatives, networks,
and groups, as well as the dissemination of results to
health care workers involved in the trial, national gov-
ernments, WHO, and other international agencies and
organisations.
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Reporting item Page and Reason if not
The study is currently in its final stages of implementa- line number applicable
tion, with a projected completion date of 31 July 2025. Roles #5c  Role of study % Sponsor had
Year 1 activities included contract management, prepara-  and respon- sponsor the follow-
tory tasks, and the phase I component, while years 2 and sibilities: and funders, ing roles:
sponsor if any, in study Design
3 focused on the enrolment and follow-up of phase II, the 4 nder design; collec- Data collection
cluster-randomised trial. Years 4 and 5 will be dedicated tion, manage- Management
; ; ; ment, analysis, Data analysis
to comPletlng all work packages, data cleaning, analysis, and interpreta. Resuoa it
and write-up. tion of data; writ- pretation
ing of the report; Report writing
and the deci- Decision
sion to submit to submit
Appendix the report for publication
for publica- Funder
tion, includ- had no role
ing whether they in the above
Table 2 SPIRIT checklist will have ultimate
authority
Reporting item Page and Reason if not over any of these
line number applicable activities
. . . Roles #5d  Composi- 24 Coordinating
Administrative information and respon- tion, roles, centre
Title #1 Descriptive Page 1 sibilities: and responsibili- Steering com-
title identifying committees ties of the coor- mittee
the study design, dinating centre, Endpoint
population, steering com- adjudication
interventions, mittee, endpoint committee
and, if applicable, adjudication Data manage-
trial acronym committee, data ment team
Trial regis-  #2a  Trial identifier Page 3 management
tration and regis- team, and other
try name. If individuals
not yet regis- Orgroups over-
tered. the name seeing the trial,
of the intended if applicable (see
registry item ‘213 for data
i i ) monitoring com-
Trial regis-  #2b  Allitems N/A No data mittee)
tration: data from the World from WHO
set Health Organiza- data set Introduc- Page 4
tion Trial Registra- was used tion
tion Data Set Background #6a  Description Page 4
Protocol #3  Dateand version Page 3 and rationale of research
version identifier question
] and justification
Funding #4 Sources 25 for undertaking
and types the trial, includ-
ofﬁnanoal, mate- ing summary
rial, and other of relevant stud-
support ies (published
Roles #5a  Names, affilia- 26 and unpublished)
and respon- tions, and roles examining ben-
sibilities: of protocol efits and harms
contributor- contributors for each interven-
ship tion
Roles #5b  Nameand con-  Page 24
and responsi- tact information
bilities: spon- for the trial
sor contact sponsor

information
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Reporting item  Page and Reason if not Reportingitem  Page and Reason if not
line number applicable line number applicable
Background #6b  Explanation Page 4 Interven- #11b  Criteria for dis- In this
and ration- for choice tions: modifi- continuing version
ale: choice of comparators cations or modifying allo-  of the pro-
of compara- cated interven- tocol, there
tors tions foragiven  was no fur-
Objectives  #7  Specific objec-  Page 5and 6 trial participant  ther change
tives or hypoth- (e.g.drug in interven-
eses QOse change tions
i ' o in response
Trial design ~ #8 Description Page 7 and 8 to harms, par-
of trial design ticipant request,
including type or improving/
of trial (e.g. worsening
parallel group, disease)
crossover, facto- ) )
fial, single group), Interven- #11c Str_ateg\es Page 9, 10, T_he dls;us—
allocation ratio, tions: adher- to improve and 21 sion points
and framework ence adherence out that the
(e.g. superiority, to interven- sﬁudy uses rou-
equivalence, tion protocols, tine systems
non-inferiority, and any proce- for adherence
exploratory) dures for moni- to procedures
. . . toring adherence of TB treat-
Methods: participants, interventions, and outcomes (e.q. drug tablet ment
Study set-  #9 Description Page 3 return; laboratory
ting of study settings tests)
(e.g. community Inter- #11d Relevant con- N/A The study
clinic, academic ventions: comitant care isnota
hospital) and list concomitant and interventions medical drug
of countries care that are permit- comparative
where data wil ted or prohibited interventional
be collected. during the trial study. Par-
Reference ticipants are
to where the list randomised
of study sites can into different
be obtained screening arms
Eligibility #10  Inclusion Page 9 not medical
criteria and exclu- interventions
sion criteria Outcomes ~ #12  Primary, second- 14and 15
for participants. ary, and other
If applicable, outcomes, includ-
eligibility criteria ing the specific
for study centres measurement
and individuals variable (e.g.
who will perform systolic blood
the interventions pressure),
(e.g. surgeons, analysis metric
psychotherapists) (e.q. change
Inter- #11a Interventions Page9to 11 from baseline,
ventions: for each group final value,
description with sufficient time to event),

detail to allow
replication,
includ-

ing how and

when they will be

administered

method of aggre-
gation (e.g.
median, propor-
tion), and time
point for each
outcome.
Explanation

of the clinical rel-
evance of chosen
efficacy and harm
outcomes

is strongly recom-
mended
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Page and Reason if not
line number applicable

Reporting item

Page and Reason if not
line number applicable

Reporting item

Participant
timeline

Sample size

Recruit-
ment

#13

#14

#15

Time schedule 11
of enrolment,
interventions
(including any
run-ins and wash-
outs), assess-

ments, and visits

for participants.

A schematic

diagram is highly

recommended

(see Figure)

Estimated 15and 16 Version
number of par- after SA
ticipants needed is removed—
to achieve does it specify
study objec- how many
tives and how it ppts in Leso-
was determined, tho and Tan-
including clinical zania?

and statistical

assumptions

supporting any

sample size

calculations

Strategies 9

for achieving
adequate partici-
pant enrolment
to reach target
sample size

Methods: assignment of interventions (for controlled trials)
#16a Method of gener- 9

Allocation:
sequence
generation

ating the alloca-
tion sequence
(e.g. computer-
generated ran-
dom numbers),
and list of any
factors for stratifi-
cation. To reduce
predictability
of a random
sequence, details
of any planned
restriction (e.g.
blocking) should
be provided

in a separate
document

that is unavaila-
ble to those who
enrol participants
or assign inter-
ventions

Allocation
concealment
mechanism

Allocation:
implementa-
tion

Blinding
(masking)

Blinding
(masking):
emergency
unblinding

#16b

#16C

#17a

#17b

Mechanism N/A

of implementing

the allocation

sequence (e.g.

central tel-

ephone; sequen-

tially numbered,

opaque, sealed

envelopes),

describing any

steps to conceal

the sequence

until interven-

tions are assigned

Randomisa-
tion will occur
at the house-

Who will gener- 9
ate the allocation
sequence, who

will enrol partici- hold level
pants, and who of the index
will assign partici- patient
pants to interven-

tions

Who will N/A The trial

be blinded isnota
after assignment blinded design
to interven-

tions (e.g. trial

participants, care

providers, out-

come assessors,

data analysts),

and how

If blinded, N/A The study
circumstances is a cluster-
under which randomised
unblinding unblinded
is permissible, design

and procedure
for revealing

a participant’s
allocated
intervention dur-
ing the trial
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Page and Reason if not
line number applicable

Reporting item Page and Reason if not

line number applicable

Reporting item

Methods: data collection, management, and analysis Statistics: #20a Statistical meth-  Page 16-17
Data collec- #18a Plans forassess-  Page 16-17 outcomes ods for analysing
tion plan ment and collec- primary and sec-
tion of outcome, ondary out-
baseline, comes. Reference
and other trial to where other
data, includ- det'alls ofthe.sta—
ing any related tistical analysis
processes plan can be .
to promote data found, if not in
quality (e.g. dupli- the protocol
cate measure- Statistics: #20b Methods forany  Page 16-17
ments, training additional additional analy-
of assessors) analyses ses (e.g. subgroup
and a descrip- and adjusted
tion of study analyses)
|nstruments_ g Statistics: #20c Definition Page 16-17
questionnaires, analysis of analysis popu-
Iaborato_ry test_s) population lation relating
along with their and missing to protocol non-
rellablll‘.(y. data adherence (e.g.
and validity, as randomised
if known. analysis), and any
Reference statistical meth-
to where data ods to handle
collection forms missing data (e.g.
can b? found, multiple imputa-
if not in the pro- tion)
tocol
Methods: monitoring
Data col- #18b Plans to pro- Page 16-17 ) =
lection plan: mote par- Dgta moni-  #21a Composmon N/A The .CUT_.
retention ticipant retention tormg:‘forma\ gf data monitor- TB trial vv|I‘I
and complete committee ing commit- not establlsh
follow-up, includ- tee (DMC); . a dgta moni--
ing list of any summary of its toring commit-
outcome data role and report- tee (DMOQ),
to be collected ing structure; as the §tudy
for participants statement is consid-
who discon- 'of.vvhether it gred low
tinue or deviate is independent risk. Irjstead(
from intervention from the sponsor overaght will
protocols gnd.compet— be prqwded
ing interests; by an inde-
Dataman-  #19  Plans for data Page 16-17 and reference pendent trial
agement entry, coding, to where further steering com-
security, and stor- details about its mittee (TSC),
age, includ- charter can be which will
ing any related found, if not in meet biannu-
processes to pro- the protocol. ally to review
mote data quality Alternatively, progress
(e.9. double data an explanation and includes
entry; range of why a DMC external
checks for data is not needed experts
values). Reference with no com-
to where details peting
of data manage- interests

ment procedures
can be found,

if not in the pro-
tocol
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Reporting item  Page and Reason if not Reportingitem  Page and Reason if not
line number applicable line number applicable
Data #21b  Description N/A The pro- Consent #26a Who will obtain 12
monitor- of any interim tocol does or assent informed con-
ing: interim analyses not include sent or assent
analysis and stopping plans from potential
guidelines, for interim trial participants
including who analyses or authorised
will have access or stopping surrogates,
to these interim guidelines. No and how (see
results and make procedures will item 32)
the final decision be outlined Consent #26b  Additional 12
toterminate for early trial orassent: consent provi-
the trial termination, ancillary sions for collec-
and no roles studies tion and use
will be of participant
assigned data and bio-
for reviewing logical specimens
interim results in ancillary stud-
or making ies, if applicable
decisions
to stop the trial _anﬁden— #27 ﬁow per;onal 18-19
early tiality information ‘
: about potential
Harms #22  Plans for collect-  N/A The interven- and enrolled par-
ing, assessing, tions are low ticipants will be
reporting, risk, such collected, shared,
and manag- as preven- and maintained
ing solicited tive therapy in order to pro-
and spontane- and stand- tect confidential-
ously reported ard of care ity before, during,
adverse events tuberculosis and after the trial
and other unin- treatment ) ) )
tended effects Declaranon #28  Financial 24
of trial interven- of interests anq other com-
tions or trial peting interests
conduct for prth|paI
. investigators
Auditing #23  Frequency N/A The study for the overall
and procedures only has steer- trial and each
for auditing trial ing committee studly site
conduct, if any, that meets
and whether the biannually Data access  #29 Statemen} 18
process will be of who will have
independent access to the final
from investigators trial dgtaset,
and the sponsor and disclosure
. . . of contractual
Ethics and dissemination agreements
Research #24  Plans for seeking  N/A Approval that limit such
ethics research ethics from ethics access for investi-
approval committee/insti- was obtained gators
tutional review Ancillary #30  Provisions, 19
board (REC/IRB) and post-trial if any, for ancil-
approval care lary and post-
Protocol #25  Plans for com- N/A No protocol trial care,
amendments municating amendment and for compen-

important proto-
col modifications
(e.g. changes

to eligibility cri-
teria, outcomes,
analyses) to rel-
evant parties (e.g.
investigators,
REC/IRBs, trial
participants, trial
registries, jour-
nals, regulators)

sation to those
who suffer harm
from trial partici-
pation
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Reporting item

Page and Reason if not
line number applicable

Dissemina-
tion policy:
trial results

Dissemina-
tion policy:
authorship

Dissemina-
tion policy:
reproducible
research

Appendices

Informed
consent
materials

Biological
specimens

#31a

#31b

#31c

#32

#33

Plans for investi-
gators and spon-
sor to communi-
cate trial results
to participants,
healthcare
profession-

als, the public,
and other
relevant groups
(e.g. via publica-
tion, reporting

in results data-
bases, or other
data sharing
arrangements),
including any
publication
restrictions

Authorship eligi-
bility guidelines
and any intended
use of profes-
sional writers

Plans, if any,

for granting
public access

to the full proto-
col, participant-
level dataset,
and statistical
code

Model con-

sent form

and other related
documentation
given to partici-
pants and author-
ised surrogates

Plans for collec-
tion, laboratory
evaluation,

and storage

of biological
specimens

for genetic

or molecu-

lar analysis

in the current trial
and for future use
in ancillary stud-
ies, if applicable

22

22

22

Page 2
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Abbreviations

@ Confidence interval

CuTTB
DSTB
EDCTP
ESS
HHC
HHCT
HIV

TT Intention-to-treat

Community and Universal Testing for TB among Contacts
Drug-sensitive tuberculosis
European & Developing Countries Clinical Trials Partnership
Effective sample size
Household contact
Household contact tracing
Human immunodeficiency virus
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MDR-TB Multi-drug resistant tuberculosis

MTB Mycobacterium tuberculosis

NG-WGS Next generation whole genome sequencing
NTP National TB programme

QFT-Plus QuantiFERON-TB-Gold-Plus

B Tuberculosis

TBI Tuberculosis infection

TPT Tuberculosis preventive therapy

WHO World Health Organization

XpertUltra  GeneXpert MTB/RIF Ultra
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