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Background. Tuberculosis remains the leading cause of death by a single infectious agent globally, with Ethiopia among the
highest tuberculosis- and human immunodeficiency virus/tuberculosis-burden countries. Diagnostic gaps—particularly among
household contacts (HHCs) unable to expectorate—hinder early case detection. Computer-aided detection software for chest
radiography and nonrespiratory molecular assays, such as stool-based Xpert MTB/RIF testing, represent promising strategies for
scalable screening.

Methods. We conducted a prospective diagnostic accuracy study at St Luke Catholic Hospital, Oromia, Ethiopia, enrolling 478
participants (152 tuberculosis index patients and 326 HHCs). All HHCs >4 years underwent digital chest radiographic screening,
with or without CAD4TB (Delft Imaging) software assistance, and provided stool and sputum samples for Xpert MTB/RIF testing.
The accuracy of CAD4TB and stool Xpert testing was evaluated against sputum Xpert testing as the reference.

Results. CADA4TB showed strong diagnostic performance, with a sensitivity of 0.77 (95% confidence interval, .70-.83) and
specificity of 0.93 (.90-.96). Performance was higher among adults (sensitivity and specificity, 0.79 and 0.94) than in children
(0.64 and 0.92). Stool and sputum Xpert testing demonstrated high concordance (Cohen’s k = 0.76), with a sensitivity of 0.77
(95% confidence interval, .70-.84) and specificity of 0.97 (.93-.99). During the study, 10.6% of HHCs (34 of 321) were newly
diagnosed microbiologically with tuberculosis.

Conclusions. The combined use of CAD4TB and stool Xpert testing significantly improves tuberculosis detection, particularly
among HHCs in high-burden, low-resource settings. This strategy is especially valuable in children and adults unable to produce
sputum and where radiological expertise is limited.
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Tuberculosis has returned as the foremost cause of death due to the World Health Organization (WHO) [1] has underlined
a single infectious agent and is ranked in the top 10 among all how, after the coronavirus disease 2019 pandemic, the global
causes of death [1]. The 2024 global tuberculosis report from trend in tuberculosis incidence is rapidly increasing, with 8

countries accounting for more than two-thirds of the people

with tuberculosis in 2023. Socioeconomic indicators, such as
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https://doi.org/10.1093/ofid/ofaf725 However, chest radiographic sensitivity and specificity vary

the gross domestic product and undernourishment, are corre-

nourishment alone accounted for 1 million new cases in

In high-income, low-tuberculosis-burden settings, chest
diagnosis—often following an initial screening modality—

chest radiography remains the primary diagnostic tool [4].

Improving Tuberculosis Diagnosis Through AI (CAD4TB) and Stool Xpert MTB/RIF Testing « OFID « 1


https://orcid.org/0009-0004-8783-7221
https://orcid.org/0009-0005-8867-5911
https://orcid.org/0000-0001-8091-7182
https://orcid.org/0000-0001-5276-2603
https://orcid.org/0000-0001-6099-2273
https://orcid.org/0000-0003-0886-9635
https://orcid.org/0000-0002-3101-3926
https://orcid.org/0000-0002-6967-6813
mailto:g.guido13@phd.uniba.it
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ofid/ofaf725

considerably by population, and interpretation is especially
challenging in contexts where clinicians lack access to expert
radiologists [5]. To address these limitations, artificial intelli-
gence (Al)-based computer-aided detection (CAD) software
has been integrated to provide clinicians with a quantitative tu-
berculosis likelihood score derived from chest radiographic im-
ages [6]. CAD4TB, like other AI-based tools, has demonstrated
high sensitivity for tuberculosis detection, and newer versions
have achieved progressively greater specificity [7] and have
been endorsed by the WHO [8].

Concurrently, the WHO is advocating for the incorporation
of nonrespiratory microbiological assays—including stool-
based Xpert MTB/RIF testing for Mycobacterium tuberculosis
complex—to facilitate the identification of asymptomatic and
subclinical tuberculosis cases, which are particularly prevalent
among household contacts (HHCs) [9]. The rationale behind
the stool Xpert assay is that paucisymptomatic individuals
may be unable to produce sufficient sputum for diagnosis, yet
their bronchial secretions can be swallowed and subsequently
excreted in stool. This test is particularly promising in the pe-
diatric population, to avoid the need for more invasive proce-
dures, such as gastric aspiration [5, 10].

Ethiopia is among the countries with the highest tuberculosis
and HIV/tuberculosis burden and among the countries with
the lowest Sustainable Development Goal indicators, with
>27% of the population living below the international poverty
threshold and >24% prevalence of undernutrition [11].
Moreover, 60% of the national budget for the fight against tu-
berculosis remains unfunded [12]. This situation has led to a
high incidence of tuberculosis and poor coverage of
community-based screening among HHCs [1]. Screening
HHCs enables early case detection, interrupts transmission
chains, identifies subclinical infections, and informs preventive
therapy strategies, which is crucial for reducing the tuberculosis
incidence in high-burden settings [13].

To address these knowledge gaps, our study evaluates the tri-
age performance of CAD4TB and the diagnostic accuracy of
stool Xpert testing in pediatric and adult HHCs in Ethiopia.
These findings will guide scalable, automated chest radiograph-
ic and nonrespiratory molecular testing strategies to improve
tuberculosis detection.

MATERIALS AND METHODS

A prospective diagnostic test accuracy study was conducted
during tuberculosis active contact investigation at St Luke
Catholic Hospital, Wolisso, in Ethiopia. This is the referral hos-
pital in the Southwest Shoa zone, Oromia Region, serving a
population from a catchment area of roughly 1.4 million peo-
ple. As of 2024, the hospital bed capacity was 208, with a
mean of 350 patients per day visiting the outpatient depart-
ment. Routine tuberculosis screening at St Luke Catholic

Hospital was based on a patient-initiated pathway with assess-
ment of signs and symptoms suggestive of tuberculosis. In line
with the Ethiopian national tuberculosis guidelines, this rou-
tine screening included assessment for persistent cough (lasting
>2 weeks), fever, night sweats, weight loss, and hemoptysis as
symptoms suggestive of tuberculosis. Tuberculosis cases were
identified through clinical evaluation, which included chest ra-
diographic assessment as the final step of the diagnostic pro-
cess. Chest radiographs were evaluated in digital format.

All patients diagnosed with pulmonary tuberculosis (wheth-
er inpatients or outpatients) were eligible for inclusion as index
patients if they had a positive Xpert MTB/RIF result for M tu-
berculosis on sputum or stool samples. Index patients were ex-
cluded if they had been on antituberculosis therapy for
>72 hours at the time of eligibility screening, to avoid
treatment-related reductions in bacillary load that could lower
the sensitivity of Xpert testing at enrollment, consistently with
previous studies [14]. In our setting, per Ethiopian national
guidelines, acid-fast bacilli microscopy was used only for
follow-up evaluation and not for diagnostic confirmation.

HHCs aged >5 years were eligible for inclusion if they lived
or worked in the same dwelling as the index patient during the
2 months prior to tuberculosis diagnosis in the index patient
[5]. Pregnant women were eligible for the inclusion as well
but, to minimize radiation exposure risk to the fetus, chest ra-
diography was not offered. HHCs already receiving treatment
for active or latent tuberculosis were excluded from the study.

This study has been approved by the Oromia Health Bureau
Research Ethics Committee (reference no. BFO/MBTFH/1-16/
856). All information obtained was confidential. Eligible sub-
jects received brief information about the study before being
asked to participate; for children and adolescents aged 5-17
years, written consent was provided by the legal guardian and
assent by the participant before any study procedure. The study
was conducted according to the principles of the Helsinki
Declaration. The protocol for this study was prospectively reg-
istered on ClinicalTrials.gov (NCT05818059) and has been
published in an international peer-reviewed journal [15].

Close Contact Recruitment, Sequence Randomization, and Screening
Close contacts were identified via administration of a screening
questionnaire to index patients. To minimize recruitment loss-
es, close contacts were approached by research assistants and
were offered transportation to St Luke Catholic Hospital and
meal reimbursement to enter the screening program.

After enrollment, each study participant was assessed ac-
cording to sequence AB (assessment by clinician 1 without
CAD and by clinician 2 with CAD) or sequence BA (assessment
by clinician 1 with CAD and by clinician 2 without CAD).
Allocation to sequence AB or sequence BA was performed
through randomization.
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St Luke Catholic Hospital is provided with a digital radio-
graphic system capable of delivering digital chest radiography
and compatible with the CAD4TB cloud system. Once enrolled,
all participants were screened for the presence of any symptom
suggestive of tuberculosis, that is, cough of any duration, he-
moptysis, fever, poor weight gain or weight loss, night sweats,
chest pain, and shortness of breath.

Chest radiography was performed with posteroanterior im-
aging, following the procedures detailed by local and interna-
tional guidelines to minimize radiation exposure [16]. Images
were then uploaded on the CAD4TB cloud system. The output
of CAD4TB is a score between 0 and 100 (where 0 represents
normal and 100 very abnormal), indicating the likelihood
that the person on the image has tuberculosis. Besides the
abnormality score, a heat map indicating the position of the
potential tuberculosis abnormalities is produced. This heat
map is shown as a color overlay on top of the original chest
radiograph.

A participant was labeled as a “possible tuberculosis” case ac-
cording to the clinical judgment of the attending physician.
Labeling was informed by all available data coming from symp-
tom assessment and radiological abnormalities detected with or
without CAD use. During assessment of possible tuberculosis
cases, clinicians were asked to grade their level of confidence
over the likelihood of tuberculosis on a scale from 0 to 100, fol-
lowing the same scale used in the CAD4Tb scoring system.

All contacts were referred for microbiological diagnosis of
tuberculosis, regardless of clinical presentation and radiological
findings. They were asked to provide sputum and stool samples
for testing with Xpert MTB/RIF. Contacts who were not able to
produce both samples were not excluded, and the inability to
provide either sputum or stool was recorded. For the purposes
of the present study, stool samples were processed according to
the 1-step technique developed by de Haas et al [17]. Sputum
samples were processed for Xpert testing according to routine
local procedures and Ethiopian national guidelines [18].

Outcomes
The primary outcome was represented by the common accura-
cy metrics (sensitivity, specificity, positive predictive value
[PPV], and negative predictive value [NPV]) when assessing
the accuracy of CAD4TB compared with Xpert MTB/RIF as-
says. Secondary outcome measures were the following: (1)
the concordance between stool and sputum Xpert testing; the
common accuracy metrics (sensitivity, specificity, PPV, and
NPV) when assessing the accuracy of stool Xpert compared
with sputum Xpert testing and when assessing the accuracy
of CAD4TB compared with Xpert MTB/RIF assays (both spu-
tum and stool) within the strata; and the prevalence of previ-
ously unknown tuberculosis cases among participants.
Additional outcome measures including the following: (1)
the additional true-positive cases when information from

CADA4TB is available to the clinician; (2) the false-positive cases
when information from CAD4TB is available to the clinician;
(3) the number and type of discordant cases in CAD4TB versus
clinician chest radiographic evaluation; (4) the association be-
tween the CAD4TB score and the clinician’s confidence in his/
her assessment when CAD4TB information is not available;
and (5) the association between the CAD4TB score and the cli-
nician’s identification of a possible tuberculosis case when
CAD4TB information is available.

Sample Size

The initial sample size was calculated assuming 90% confirmed
tuberculosis diagnoses among possible tuberculosis cases; >34
subjects were needed to be 95% confident that such estimate
would be within 10% of the true value in the population.
Because we anticipated finding 15% possible tuberculosis cases
among HHCs, the estimated minimum sample size included
231 HHCs [14]. However, the first interim analysis suggested
a good enrollment pace but a lower proportion of confirmed tu-
berculosis diagnoses. Thus, to allow primary outcome evalua-
tion, index patients were also included in the analysis.
Assuming a 3:1 ratio for HHCs and index patients and an over-
all 60% confirmed tuberculosis diagnoses among possible tu-
berculosis cases in the updated sample, the new minimum
sample size was 350. The study protocol was updated and ap-
proved by the local ethics committee (reference no. BFO/
MBTFH/1-16/856).

Statistical Analysis

Categorical data were summarized as absolute and numerical
data as median and interquartile range. The accuracy analysis
included the standard measures (sensitivity, specificity, PPV,
and NPV) with 95% confidence intervals (CIs). The concor-
dance between stool and sputum Xpert testing was assessed us-
ing Cohen’s k and Gwet’s ACl. CADA4TB scores were
compared among clinician’s identification categories using
the Kruskal-Wallis test. Statistical significance was set at 5%.
Statistical analysis was performed using R 4.4 software (R
Foundation for Statistical Computing) [19].

RESULTS

Interim Analyses

At the 3-month interim analysis, 61 HHCs were enrolled
(about 20 per month); 54 of them had valid data, 8 of 54
(15%) were judged as having possible tuberculosis, and 2 of 8
(25%) were confirmed with tuberculosis. At the 6-month inter-
im analysis, 134 HHCs were enrolled (about 22 per month);
122 had valid data, 30 of 122 (25%) were judged as having
possible tuberculosis, and 9 of 30 (30%) were confirmed
with tuberculosis. At the 12-month interim analysis, 337
participants (236 HHCs and 101 index patients) were enrolled
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Table 1. Characteristics of Study Participants

Table 2. Known Risk Factors and Symptoms of Tuberculosis

Characteristic Participants, No./Total (%)® (N = 478)

152/478 (31.8)

326/478 (68.2)
28 (19-40)

372/478 (77.8)

Index patients

HHCs

Age at enrollment, median (IQR), y
Adults (aged>18'y)

Sex
Female 211/478 (44.1)
Male 267/478 (55.9)
Setting
Rural 332/478 (69.5)
Urban 146/478 (30.5)
Educational level
No education 90/478 (18.8)
Primary 319/478 (66.8)
Secondary 58/478 (12.1)
Tertiary 9/478 (1.9)
Not declared 2/478 (0.4)
Occupation
No work or housewife 57/478 (11.9
Daily laborer, merchant, or other 74/478 (15.5

Farmer

)

)

206/478 (43.1)

Student )

120/478 (25.1

Not declared 21/478 (4.4)
Marital status

Divorced 10/478 (2.1)

Married 274/478 (57.3)

Never married 190/478 (39.8)

Widowed 3/478 (0.6)

Not declared 1/478 (0.2)

Means of diagnosis for index case®

Sputum Xpert assay 148/152 (97.4)

Stool Xpert assay 77/152 (50.7)
Microscopy 0/152 (0.0)
Tuberculosis LAM test 4/152 (2.6)
No. of HHCs reported by index patient
1-3 56/152 (36.8)
4-6 39/152 (25.7)
>7 16/152 (10.5)
Not declared 41/152 (27.0)

Abbreviations:  HHCs,
lipoarabinomannan.

household contacts; IQR, interquartile range; LAM,
“Data represent no. (%) of study participants unless otherwise specified.

®The means of diagnosis were not mutually exclusive; some index cases were diagnosed
using >1 method.

(about 28 participants per month); 318 had valid data, 111 of
318 (35%) were judged as having possible tuberculosis, and
90 of 111 (81%) were confirmed with tuberculosis.

Participant Information

The final analysis included 478 participants (152 index patients
and 326 HHCs) who were enrolled between 27 April 2023 and
13 December 2024. Table 1 summarizes participant character-
istics and specific information on index patients. Data on
known risk factors for tuberculosis and symptoms are summa-
rized in Table 2.

Study Participants, No./Total

Risk Factors and Symptoms (%)* (N=478)
Known risk factors
History of tuberculosis 18/477 (3.8)
Full course of antituberculosis treatment in 15/18 (83.3)
those with a positive history
Pregnancy in women 5/189 (2.6)

Known HIV status

Negative 106/454 (23.3)
Positive 9/454 (2.0)
Unknown 339/454 (74.7)
Results of HIV test
Negative 348/355 (98.0)
Not valid 1/355 (0.3)
Positive 6/355 (1.7)
Diabetes mellitus 5/474 (1.0)
Alcohol use 7/475 (1.5)
Smoker status 5/474 (1.0)
Nutritional status
Good 431/475 (90.7)
Malnourished/underweight 44/475 (9.3)
Silicosis 0/477 (0.0)
Cancer 0/477 (0.0)
Celiac disease 1/477 (0.2)
Renal disease 1/477 (0.2)
Previous gastric surgery None
Cirrhosis 2/477 (0.4)
COPD 2/477 (0.4)
Symptoms
Asymptomatic for tuberculosis 268/477 (56.2)
Symptomatic for tuberculosis 209/477 (43.8)
Cough of any duration 130/209 (62.2)
Cough for >2 wk 100/209 (47.8)
Hemoptysis 3/209 (1.4)
Fever 23/209 (11.0)
Poor weight gain or weight loss 29/209 (13.9)
Night sweats 116/209 (55.5)
Chest pain 16/209 (7.7)
Shortness of breath 28/194 (13.4)
Duration of symptoms at assessment
1-7d 29/209 (13.9)
8-21d 70/209 (33.5)
3 wk to 3 mo 79/209 (37.8)
>3 mo 30/209 (14.3)
Unspecified 1/209 (0.5)

Abbreviations: COPD,
immunodeficiency virus.

chronic  obstructive pulmonary disease; HIV, human

Primary Outcome Measure: Accuracy of CAD4ATB Compared
With Xpert Testing

Data on CAD4TB classification were recorded in 460 of 478
participants (96%). Valid data on both CAD4TB classification
and Xpert assays were available for 455 of 460 participants
(99%) (Table 3). Using Xpert testing as the reference standard,
CADA4TB had a sensitivity of 0.77 (95% CI, .70-.83), a specific-
ity of 0.93 (.90-.96), a PPV of 0.88 (.82-.93), and an NPV of
0.86 (.82-.90) (Table 4).
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Secondary Outcome Measures

Comparison of Stool and Sputum Xpert Testing in Adults. Overall,
367 of 372 adults (99%) were able to produce a stool sample,
and stool Xpert testing was properly performed in 362 of
367 samples (99%). Similarly, 369 of 372 adults (99%) were
able to produce a sputum sample, and sputum Xpert testing
as properly performed in 366 of 369 samples (99%). Data
on both stool and sputum samples were available for 358
of 372 adults (96%), and valid Xpert results on both
stool and sputum samples were available for 340 of 358
(95%) (Supplementary Table 1). Of 478 adults, 8 (1.7%)
were unable to produce stool samples. Notably, among the
6 adults (1.2%) who could not produce sputum, 4 (67%)
were nevertheless able to provide stool samples. The concor-
dance between stool and sputum Xpert assays was good

Table 3. Results According to CAD4TB and Xpert Testing (n = 455)

Xpert Result, No.?

M. tuberculosis M. tuberculosis Not

CADA4TB Result Detected Detected
Unclear 6 4
Possible tuberculosis 131 18
Unlikely tuberculosis 40 256

Abbreviation: M. tuberculosis, Mycobacterium tuberculosis.

aCombined stool and sputum Xpert results.

(Cohen’s k =0.76; Gwet’s ACI, 0.78). Using sputum Xpert
testing as the reference, stool Xpert testing had a sensitivity
of 0.77 (95% CI, .70-.84), a specificity of 0.97 (.93-.99), a
PPV of 0.95 (.89-.98), and an NPV of 0.85 (.80-.90)
(Table 4 and Supplementary Table 2).

Common Metrics (Sensitivity, Specificity, PPV, and NPV) for
Assessing the Accuracy of CAD4TB Versus Xpert Testing Within
Strata of Interest. Table 4 summarizes the common accuracy

metrics for assessing the accuracy of CAD4TB compared
with Xpert assays (both sputum and stool) within the strata
of interest. The small number of participants who were smokers
(n=5) or positive for HIV (n = 7) prevented meaningful strat-
ified analyses in those subgroups. In addition, the small number
of malnourished/underweight individuals with negative Xpert
results (n = 2) led to large Cls.

New Tuberculosis Cases Among HHCs During the Study Period
During the study period, 34 of 321 HHCs with valid data
(10.6%) were positive with stool or sputum Xpert assays.

Additional Outcome Measures

Additional Positive Cases When Information From CAD4TB Was
Available to the Clinician. Among 298 cases categorized as neg-

ative or unclear according to clinician evaluation without
CADA4TB, 22 (7.4%) were judged positive when information
from CAD4TB was available (Supplementary Table 3).

Table 4. Common Accuracy Metrics (Sensitivity, Specificity, and Positive and Negative Predictive Values) According to Each Comparison and Strata of

Interest

Comparison and Strata Sensitivity (95% CI) Specificity (95% ClI) PPV (95% Cl) NPV (95% Cl)
CADA4TB vs Xpert testingt®
All participants .77 (.70-.83) .93 (.90-.96) .88 (.82-.93) .86 (.82-.90)
Age group
Children (<18'y) .64 (.41-.83) .92 (.83-.97) .70 (.46-.88) .89 (.80-.95)
Adults (>18y) .79 (.71-.85) .94 (.90-.97) .91 (.84-.95) .86 (.80-.90)
Sex
Female .74 (.62-.84) .92 (.85-.96) .82 (.70-.90) .88 (.81-.93)
Male .78 (.69-.86) .95 (.90-.98) .92 (.84-.97) .86 (.79-.91)
Nonsmoker status .77 (.69-.83) .93 (.90-.96) .88 (.81-.93) .87 (.82-.90)
HIV status
Negative .83 (.74-.90) .91 (.59-.99) .99 (.93-.99) 40 (.21-.61)
Unknown .72 (.60-.81) .93 (.89-.96) .78 (.66-.87) .91 (.87-.94)
History of tuberculosis
No .76 (.69-.82) .95 (.90-.96) .88 (.81-.93) .87 (.82-.90)
Yes .89 (.52-.99) .83 (.36-.99) .89 (.52-.99) .83 (.36-.99)
Nutrition status
Good .73 (.65-.81) .94 (.90-.96) .85 (.77-.91) .88 (.83-.91)
Malnourished or underweight .88 (.73-.96) .50 (.01-.99) .97 (.85-.99) .17 (.00-.64)
Stool vs sputum Xpert testing
Adults (aged >18y) .77 (.70-.84) .97 (.93-.99) .95 (.89-.98) .85 (.80-.90

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus, NPV, negative predictive value; PPV, positive predictive value.

#Combination of stool and sputum Xpert testing. The small number of smoking participants (n=5) and those positive for HIV (n=7) prevented meaningful stratified analyses in those
subgroups. The large Cls in the malnourished/underweight subgroup were due to the small number of participants with negative Xpert results (n =2). Common accuracy metrics of stool
versus sputum Xpert testing within strata of interest among adults are summarized in Supplementary Table 2.
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False-Positive Cases When Information From CAD4TB Was
Available to the Clinician. Among 149 cases categorized as pos-

itive for TB when information from CAD4TB was available to
the clinician, 18 (12.1%) had negative Xpert results. In addition,
18 of 149 (12.1%) were judged negative when the clinician as-
sessed the same cases without CADA4TB (Supplementary
Table 3).

Discordant Cases With CAD4TB Versus Clinician Chest
Radiographic Evaluation. Seventy-five of 462 assessments

(16.2%) were discordant between CAD4TB and clinician chest
radiographic evaluation (Supplementary Table 3). Among 20
cases assessed as unclear without CAD4TB, 4 were judged as
possible tuberculosis and 12 as unlikely tuberculosis with
CAD4TB. Among 164 cases assessed as possible tuberculosis
without CAD4TB, 4 were judged as unclear and 33 as unlikely
tuberculosis with CAD4TB. And among 280 cases assessed as
unlikely tuberculosis without CAD4TB, 4 were judged as un-
clear and 18 as possible tuberculosis with CAD4TB.

Association Between CAD4TB Score and Clinician Confidence in
Assessments Without CAD4TB Information Available. Lower

CADA4TB scores were associated with lower clinician confidence
on their assessments when CAD4TB information was not avail-
able (Spearman rank correlation coefficient p=0.61; P <.001).

Association Between CAD4TB Score and Clinician Identification of
Possible Tuberculosis Cases. When information from CAD4TB

was available to the clinician, the median CAD4TB scores (in-
terquartile range) were 78 (63-93), 33 (12-49), and 5 (3-13) in
participants categorized as possible tuberculosis, unclear tu-
berculosis, and unlikely tuberculosis, respectively (P <.001)
(Supplementary Table 4).

DISCUSSION

In a country with high burden of tuberculosis, our study dem-
onstrated that CAD4TB achieved good sensitivity and excellent
specificity in detecting active tuberculosis among HHCs, when
compared with a reference standard of sputum Xpert MTB/RIF
testing; in particular, we demonstrated that CAD4TB is a reli-
able tool to discriminate between individuals with and those
without tuberculosis. The sensitivity observed in our study is
consistent with that reported in other studies involving similar
populations [20], and it appears higher than that reported in
other subpopulations, such as pediatric cohorts [20]. We none-
theless observed a decline in both sensitivity and PPV when
stratifying by age, with a sensitivity of 64% in the population
<15 years of age. This finding can be explained by the radiolog-
ical characteristics of pediatric tuberculosis, which more fre-
quently presents with nodular and miliarylike abnormalities
that are not always easily detectable on chest radiographs
and, consequently, by Al [21, 22].

Similar misinterpretation may be expected in the
HIV-positive population; however, the low representation of
this subgroup did not allow any meaningful stratified analyses.
Nevertheless, a multicenter study by Crowder et al [23] found
no significant differences in sensitivity or specificity between
HIV-positive and HIV-negative patients, although the median
CD4 cell count was relatively high. In contrast, other studies
have shown that the area under the curve with CAD systems
was lower in HIV-positive than in HIV-negative patients
[24]. Conversely, a history of prior tuberculosis was associated
with strong CAD4TB sensitivity in detecting active disease,
confirming that it may be an important risk factor for tubercu-
losis activation. However, in patients with a history of tubercu-
losis, using CAD4TB could lead to an increased risk of
unnecessary retreatment, as the algorithm may misclassify re-
sidual lesions (eg, cavitations) from the previous infection as
active disease [25], also proved by the lower specificity observed
in this subgroup. This may pave the way for large-scale
implementation of CAD4TB or other Al systems that can lon-
gitudinally compare predictive scores for the same individual,
thereby distinguishing the increasingly recognized posttuber-
culosis lung disease changes from true reinfection or relapse.

Similarly, the malnourished subgroup also exhibited higher
sensitivity compared to its counterpart, albeit with reduced
specificity. We observed a low NPV with CAD4TB among
malnourished individuals, but only 2 of them had negative
Xpert results, which affected overall performance metrics.
Therefore, from a preventive standpoint, it is essential to ad-
dress both factors, particularly nutritional status, which more
easily leads to increased extent of disease and cavitations in
patients with tuberculosis secondary to impaired immune
response [26].

Stool Xpert testing has already been demonstrated to be a
useful and cost-effective tool for diagnosing tuberculosis in pe-
diatric populations [27], to the extent that it is incorporated
into WHO guidelines [5]. In our study, we observed strong
concordance between stool and sputum Xpert results—both
in index patients and during active case finding among
HHCs. Furthermore, the stool Xpert assay is straightforward
to perform, and obtaining a stool sample from the patient is
generally uncomplicated. A few participants were unable to
submit stool samples, mainly due to transportation challenges
and long travel distances from the hospital, highlighting
logistical barriers to sample collection that may affect diagnos-
tic implementation in rural settings. Recent studies have dem-
onstrated that stool testing in adults and adolescents achieves
high diagnostic accuracy, with newer molecular assays, like in-
house real-time quantitative polymerase chain reaction, out-
performing the reference standard Xpert MTB/RIF Ultra [28,
29]. It is imperative to shift toward diagnostic strategies that
use nonrespiratory specimens, as an increasing proportion of

individuals no longer exhibit cough or sputum production as
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primary symptoms [30]. It should nevertheless be noted that
stool Xpert testing ought to augment or complement, rather
than replace, sputum-based testing whenever feasible, as evi-
denced by the 33 false-negatives that we reported in our study.
CADA4TB and stool Xpert testing represent 2 valuable options
for tuberculosis diagnostic and screening campaigns.

In addition to demonstrating solid performance metrics,
CADA4TB has been shown to increase the nonradiologist clini-
cian’s confidence in interpreting chest radiographs. Notably,
among tuberculosis-negative cases, clinicians without access
to CAD4TB information assigned higher likelihood scores—re-
sulting in 7.4% of chest radiographs being misclassified as pos-
itive. This finding further illustrates that, in settings lacking
expert personnel, chest radiographic interpretation is prone
to frequent misinterpretations which, when combined with
limited microbiological capacity, may lead to overtreatment,
especially in certain subgroups [31]. Conversely, we observed
that the median CAD4TB scores were lower among cases
that clinicians labeled as “unlikely tuberculosis.” This supports
the use of CAD4TB as a first-line screening tool, even in the ab-
sence of trained clinicians.

It should also be acknowledged that multiple studies
have demonstrated the cost of CAD systems to be substantially
lower than that of using a radiologist in low-resource, high-
tuberculosis-burden settings [32, 33]. While this might raise
ethical questions about substituting AI for human expertise,
it is more appropriately understood as a pragmatic investment
to achieve a basic level of diagnostic capability in contexts
where access to a radiologist is not feasible. In such environ-
ments, the implementation of CAD represents the most viable
means to ensure that patients receive timely and accurate
screening, rather than leaving them without any diagnostic
service. The current study paves the way for the applicability
of CAD4TB and stool Xpert in community-based active case
finding, which in our cohort yielded >10% positivity among
HHCs—consistent with anticipated rates in this high-risk
population [15, 33].

Several limitations must be acknowledged. First, this was a
single-center study conducted in a region where tuberculosis
is highly endemic; it does not account for geographic variability
in tuberculosis incidence or HIV prevalence, and therefore its
generalizability may be limited, potentially affecting CAD4TB
performance metrics. Second, we were unable to implement
the latest Xpert MTB/RIF Ultra assay, which constrained our
diagnostic capacity [34]. Third, although our protocol envis-
aged repeat screening of HHCs at 6 and 12 months for those
with negative results at baseline, adherence to this rescreening
schedule was poor, primarily owing to regional political insta-
bility [35] and participants’ low perceived risk of tuberculosis
infection.

Looking ahead, several areas warrant further investigation.
In particular, recalibration of CAD4TB thresholds for specific

subpopulations—such as pediatric patients and individuals liv-
ing with HIV (especially those with AIDS)—is necessary to op-
timize sensitivity and specificity. Moreover, it would be
valuable to compare CAD4TB against CAD systems applied
to lung ultrasonographic imaging, given that chest ultrasonog-
raphy may represent a more feasible modality for community-
based screening in outreach programs [36, 37], where even por-
table digital chest radiography is not feasible, in the so-called
hard-to-reach areas [38].

In conclusion, to summarize, the combined use of CAD4TB
and stool Xpert testing presents a powerful strategy for improv-
ing tuberculosis detection in regions with high disease burden
and limited resources. By integrating Al-assisted chest radio-
graphic analysis with broader molecular testing that does not
rely solely on sputum samples, health programs can identify
cases that might otherwise be overlooked, thereby moving clos-
er to the objective of comprehensive tuberculosis screening and
timely intervention.
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