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Introduction: Early and accurate diagnosis of pulmonary tuberculosis (TB) is
crucial for timely treatment and prevention of transmission, but diagnostic
challenges persist due to complex symptoms and limitations in diagnostic
tools. Chest X-ray (CXR) is the standard imaging modality, but its sensitivity and
specificity may vary. Recently, some promising alternatives emerged such as
chest ultrasonography (CUS) — particularly valuable in resource-limited settings
— and computer-aided diagnosis (CAD) systems — helping clinicians in the
reading and interpretation of the CXR. However, direct comparisons of CUS,
CXR, and CAD score in TB diagnosis are limited.

Methods and analysis: This cross-sectional study will assess the diagnostic
effectiveness of CUS in diagnosing TB compared to CXR and CAD score among
index cases and household contacts. The study will be conducted at Wolisso St.
Luke Hospital (Wolisso, Ethiopia). Index cases will be subjects with diagnosis of
pulmonary tuberculosis within 7 days. Household contacts will be identified by
administering a screening questionnaire to index cases. They will undergo CXR
as for standard of care and consequent CAD analysis and CUS. The anticipated
sample size is 136 subjects. The common accuracy metrics (sensitivity, specificity,
positive and negative predictive values) will be calculated.

Ethics and dissemination: The protocol was approved by the Oromia Health
Bureau Research Ethics Committee (BFO/MBTFH/1-16/1908). All information
obtained will be confidential. Selected investigators will have access to data,
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while international partners will sign a dedicated Data Protection Agreement.
Eligible subjects will receive a brief information about the study before being
asked to participate and they will provide a written informed consent. Results
will be conveyed to stakeholders and disseminated through conferences and
peer-reviewed journals.

Clinical trial registration: NCT06409780, https://clinicaltrials.gov.
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Highlights

« This study will assess the effectiveness of CUS in diagnosing TB
in a broad population, as opposed to targeted populations such
as people living with HIV.

« This study will also involve household contacts in a deeper
screening program.

o CUS is easy to perform without risks for the patient.

« Index cases will be diagnosed using molecular tests instead of
cultural tests.

o CUS performance may vary according to operator’s skills.

« Cavitations are less frequently observed with CUS.

Introduction

Pulmonary Tuberculosis (TB) is caused by the M. tuberculosis
complex, a slow-growing bacteria with a particular cell wall
composition that confers resistance to the main antibiotics. Despite
being one of the oldest known diseases, TB remains one of the
biggest concerns in global health, especially in at-risk populations
such as HIV/AIDS subjects. In 2022, over 1.2 million deaths were
attributed to TB globally, with 167,000 of these cases involving
coinfection with HIV (1). The clinical presentation of TB can vary
according to the site of infection and the individual’s immune
status. TB typically affects the lungs and is associated with persistent
cough, low-grade fever, night sweats, weight loss and hemoptysis,
while extrapulmonary TB may affect any other site of the body, with
different manifestations and treatment strategies (2). The main
determinant for TB is poverty, and most people developing TB live
in low-middle income countries (LMIC) where healthcare resources
are often limited (3, 4). Further risk factors include diabetes,
malnourishment, and alcohol use disorders (5, 6). Recently, the
COVID-19 pandemic has constrained the TB eradication programs
planned by the World Health Organization due to diagnostic delay
(7), along with climate change and internal and
international conflicts.

Early and accurate TB diagnosis is crucial for timely initiation
of treatment and prevention of transmission, yet it presents
challenges due to several factors including complexity of symptoms
and limitations in diagnostic tools (8). The widespread adoption of
molecular tests such as GeneXpert has significantly simplified and
enhanced the sensitivity of microbiological diagnosis for TB, to the
extent that it has replaced smear microscopy as the diagnostic gold

standard in many national guidelines, especially in LMICs (9).
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Furthermore, GeneXpert provides clinicians with a rapid
assessment of TB strain susceptibility, enabling timely initiation of
appropriate treatment. For instrumental diagnosis of TB, chest
X-ray (CXR) is the standard imaging modality for TB diagnosis,
but its sensitivity and specificity can vary according to some factors
such as disease stage and image quality (10). Computed
tomography scans may offer higher resolution and details, but
availability and accessibility can be limited particularly in resource-
constrained settings (11, 12). In Ethiopia, a recent study on the
facilitators of pulmonary TB diagnosis emphasized the importance
of integrating radiographic screening with symptom-based
screening in health facilities, while acknowledging the high cost of
such implementation (13). The constraints in implementing
CXR-based screening included the requirement for radiological
equipment (which may not always be accessible), the exposure to
ionizing radiation (with potential risks for vulnerable populations
such as children and pregnant women), and the shortage of
personnel trained in acquiring and interpreting quality images in
the health facilities.

In an era marked by the proliferation of artificial intelligence,
efforts have been made to overcome the shortage of trained personnel
(14). Recently, a software for radiographic image analysis (CAD) has
been introduced to provide clinicians with a probability score for TB
detection (15). Furthermore, chest ultrasonography (CUS) has
emerged as a promising adjunctive tool in TB diagnosis, especially in
at-risk populations (16). Its advantages include portability, lack of
radiation exposure, and potential for bedside use, making it
particularly valuable in LMICs where access to advanced imaging
techniques may be limited (15, 17). The initial evidence has suggested
that CUS may offer high sensitivity in detecting microbiologically
confirmed TB among adults, but available data are still limited (18,
19). Furthermore, limited research has directly compared the
diagnostic performance of CUS, CXR, and CAD score in the diagnosis
of TB, and no evidence has been produced for household contacts of
index cases (20).

Understanding the comparative effectiveness of these diagnostic
modalities is essential for optimizing TB diagnosis strategies and
improving patient outcome, especially in high-risk populations such
as household contacts who are at increased risk of TB transmission
(21, 22). Therefore, this study aims to fill this gap by evaluating the
diagnostic accuracy of CUS, CXR, and CAD score in identifying TB
in index cases and household contacts. The findings may provide
valuable insights into the effectiveness of these modalities and inform
the development of contextually appropriate TB diagnostic strategies
to improve patient outcome.
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Methods and analysis
Study design

This study will employ a cross-sectional design to compare the
diagnostic effectiveness of CUS with CXR and CAD score in
identifying TB among index cases and household contacts.

Study setting

The study will be conducted at St. Luke Hospital in Wolisso
(Ethiopia), which is a second level, not-for-profit hospital covering a
catchment area of about 1.2 million inhabitants. The Medical Ward
has 23 beds and accounts for around 1,800 admissions every year.
Wolisso is the largest city in the South-western Shewa area of the
Oromya Region. According to WHO TB Report 2023, in Ethiopia the
incidence of TB is 126 cases every 100,000/people, of which 4.9 cases
of co-infection HIV/TB every 100,000 people, 1.6 case of rifampicin-
resistant/multidrug resistant TB every 100 k people (1,1% of all new
cases), with TB case fatality ratio of 15%.

Participant and eligibility criteria

Eligible subjects will be all consecutive index cases during the
study period and their household contacts. Index cases will
be identified following a microbiological diagnosis of pulmonary
tuberculosis using GeneXpert (Xpert MTB/RIF assay) within 7 days
from the beginning of anti-tubercular treatment, in accordance with
the standard of care in the Outpatient Department or the Medical
Ward at St. Luke hospital. Household contacts will be identified by
administering a screening questionnaire to index cases. Household
contacts are defined as individuals who live in the same household as
the index case or who had close and prolonged interactions with the
index case during the infectious period. To minimize recruitment
attrition, research assistants will reach out to household contacts and
offer transportation to St. Luke hospital to facilitate their participation
in the screening program. Eligible subjects of both sexes and aged over
5 years will be included, and all participants will be asked to provide
informed consent. Exposure to any antitubercular treatment prior
7 days than the enrollment and refusing consent to participate will
be the only exclusion criteria.

Procedures

After enrollment, all participants will undergo imaging
examination including CUS and CXR according to standard protocols.
Considering the high interoperator variability of the ultrasounds, two
expert and trained sonographers will perform CUS. In case of
discordance, the final decision will rest with the senior sonographer.

During CUS, the participant will stay in a supine or seated
position, exposing the chest area for ultrasound examination. A thin
layer of ultrasound gel will be applied to the skin to facilitate acoustic
coupling and improve image quality. During CXR, the participant will
stay in an upright or standing position, facing the X-ray machine.
Images will be captured in the posteroanterior view, ensuring adequate
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visualization of the chest area. The acquired chest X-ray images will
be transferred to the CAD4TB software platform (15), which may
highlight regions of interest and assess a score according to
the findings.

Reference standard for TB diagnosis in household contacts will
be based on microbiological confirmation according to local protocol
(molecular diagnosis with GeneXpert MTB/RIF assay) or clinical-
radiological criteria.

Biological specimens will be collected and managed according to
TB local standard of care. A volume of 5 to 10 mL of sputum is
considered adequate for the purpose and there is no advantage in
collecting a larger volume. The sample should contain recently
discharged material from the bronchial tree with minimal saliva
content. Samples will be handled as per local routine laboratory
procedures and will not be stored for research purposes.

All household contacts will also be screened for the presence of
any symptom suggestive of TB, including cough of any duration,
hemoptysis, fever, poor weight gain or weight loss, night sweats, chest
pain, and shortness of breath.

Standard of care for index cases and household contacts will
be provided according to the Ethiopian National Guidelines for
Tuberculosis. The study procedures are not expected to interfere with
the routinary activities related with the admission and the care of
the patients.

Outcome measures

The primary outcome measures will include the sensitivity and the
specificity of CUS, CXR, and CAD in TB diagnosing. The secondary
outcome measures will include (i) the positive predictive value and the
negative predictive value of CUS, CXR, and CAD in diagnosing TB,
and (ii) the concordance between CUS, CXR, and CAD in identifying
TB cases.

Data collection

Data collection will include demographic and clinical information
(such as age, sex, symptoms and TB risk factors), and data from CUS,
CXR and CAD. Data collection will be performed by previously
trained data collectors. All data will be anonymized and stored into a
dedicated, password-protected database.

Sample size

The sample size calculation is based on the anticipated sensitivity
(0.80) and specificity (0.80) of the diagnostic modalities (CUS, CXD,
CAD). A paired design will be used to test whether the sensibility (and
specificity) of the experimental modality (CUS) is non-inferior to
sensibility (and specificity) of the reference modalities (CXD and
CAD separately), with a non-inferiority difference bound of —0.10.
With a type I error of 5% and a power of 90%, 110 subjects are
required to exclude a difference in favor of the reference group of more
than 0.10. The final sample size is increased to 136 subjects to take into
account the adjustment for multiple testing, both index cases and
household contacts. The calculation was performed according to Liu
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etal. (23) and was carried out using R 4.3 (R Foundation for Statistical
Computing, Vienna, Austria) (24).

Statistical analysis

Two interim analyses are planned at 3 and 6 months of enrollment
to check the assumptions on sensitivity and specificity of CUS, CXR
and CAD in diagnosing TB. The interim analyses will not include any
formal statistical testing. Adjustments to sample size and duration of
enrolling period may be made according to the indications from the
interim assessments. There are no stopping guidelines for harm and/
or futility as none are expected. Categorical data will be summarized
as absolute and relative frequencies. Numerical data will
be summarized using mean and standard deviation (SD), or median
and interquartile range (IQR). In accuracy investigation, the standard
measures will be calculated (sensitivity, specificity, positive predictive
value, negative predictive value). The non-inferiority hypothesis will
be tested using a RMLE-based score test according to Liu et al. (23)
Adjustment for multiple testing will be performed according to
Benjamini-Hochberg procedure. Concordance between CUS and
CXR, and between CUS and CAD will be assessed using Cohen’s
kappa and Gwets ACIl. Comparisons between variables will
be performed with exploratory purpose using Pearson’s or Spearman’s
correlation coeflicients, Student’s t-test, paired Student’s t-test, Mann-
Whitney test, Wilcoxon test, Chi Square test, or Fisher’s test, as
appropriate. Estimates will be reported with 95% confidence intervals
where appropriate. Statistical significance will be set at 5%. The
statistical analysis will be carried out using R 4.3 (R Foundation for
Statistical Computing, Vienna, Austria) (24).

Patient and public involvement

Patients and public were not involved in the design and design, or
conduct, or reporting of our research. Patients and public will
be involved in the dissemination plans of our research.

Ethics and dissemination

The protocol was approved by the Oromia Health Bureau
Research Ethics Committee (BFO/MBTFH/1-16/1908). This study
will be conducted in accordance with the ethical principles outlined
in the Declaration of Helsinki.

Eligible subjects will be informed about the study before enrollment
and participants will provide a written informed consent in an appropriate
language (English/Oromifa). In case of illiteracy, a literature witness will
sign, and the illiterate participant will provide his/her fingerprint.
Participation in the study is voluntary and participants may withdraw at
any time. All subjects will be informed that refusal to participate or
withdrawal from the study will not affect their care.

All information obtained will be confidential, and all data will
be anonymized and stored into a dedicated, password-protected
database. Selected investigators will have access to the data, and
international partners will sign a dedicated Data Protection Agreement.

The risks associated with participating in this study include
minimal radiation exposure from CXR and potential discomfort
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during imaging procedures. However, the potential benefits of this
study include contributing to the advancement of TB diagnostic
strategies and early detection of TB cases, and indirectly contributing
to improved patient outcome. There are no direct benefits to
participants in this study.

The findings will be conveyed to the relevant stakeholders such as
governmental health institutions, hospital management, healthcare
staff, local community and decision-makers. The findings will
be disseminated in scientific and community conferences, and will
be reported in a peer-reviewed journal.

Ethics statement

The studies involving humans were approved by Oromia Health
Bureau Research Ethics Committee. The studies were conducted in
accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants’ legal guardians/next of kin.
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