
CAD4TB Performance Summary 
Delft Imaging’s AI-powered CAD4TB is the most rigorously validated CAD technology for TB 
screening and triaging. Over 100 publications highlight its technicality, operational performance, 
cost-effectiveness and reliability.  

Various studies suggest that CAD4TB performs significantly better than human readers and meets 
the WHO’s Target Product Profile, reduces Xpert MTB/RIF cartridges consumption, and increases 
daily screening throughput, thus contributing to reducing cost and making TB services more 
accessible, accurate, efficient and effective.  

 

WHO Target Product Profile 

CAD4TB is one of the three CAD software packages included in the evaluation to support WHO's 
recommendation on using CAD for TB screening and triage for individuals aged 15 years and 
older1 (meeting the TPP accuracy standard of 90% sensitivity and 70% specificity). 

An independent, head-to-head comparison of five CAD algorithms accuracy for presumptive TB, 
including key groups (PLWH and diabetes), across seven countries (India, Madagascar, South 
Africa, Tanzania, the Philippines, South Africa, and Vietnam) concluded that CAD4TB (ver. 7) had 
the highest overall accuracy (73.8% specificity at 90% sensitivity), was significantly more specific 
than other algorithms, and achieved the minimum WHO target accuracy for a TB triage test. 
Additionally, the CAD4TB performance was stable regardless of diabetes status, suggesting its 
added value in TB-endemic regions with higher diabetes prevalence. (preprint) (Worodria, W. et 
al. 2024) 

A study in Bangladesh showed CAD4TB (ver.7) achieved a sensitivity of 91.5% (fixed specificity at 
70%) and a specificity of 72.8% (fixed sensitivity at 90%), concluding that CAD4TB performed 
better than human readers and meeting the WHO TPP values (Qin, ZZ. et al. PLOS DIGITAL HEALTH, 
2022).  

Another study in Kenya demonstrated that CAD4TB (ver. 6) achieved a sensitivity of 98.3% (fixed 
specificity at 70%) and a specificity of 90.4 % (fixed sensitivity at 90%) and met the optimal TPP 
(sensitivity of 95% and specificity of 80%) for TB community screening (Mungai, B. et al. PLOS 
GLOBAL PUBLIC HEALTH, 2022). 

 

Publication Highlights  

 
CAD4TB met WHO’s Target Product Profile values 
(Sensitivity > 0.90 and Specificity > 0.70) Multiple studies 

 Performs on par or significantly better than human 
expert readers. Multiple studies 

 
1 WHO consolidated guidelines on tuberculosis. Module 2: screening – systematic screening for tuberculosis disease. Geneva: 
World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO. https://www.who.int/publications/i/item/9789240022676 

https://www.who.int/publications/i/item/9789240022676


 
Daily screening yields 2.5 times higher with CAD4TB in 
comparison to screening without. 

Murphy et al. Nature 
Scientific Reports. 2020. 

 
Case detected 22% more with CAD4TB being used as 
a second CXR reader. 

Philipsen et al. IJTLD. 
2019. 

 
With high throughput scenarios, the per-screen cost 
for CAD4TB is 73% lower than a radiologist for ACF 
and 61% lower for facility-based screening. 

Bashir et al. PLOS One. 
2022 

 
Xpert tests used 75% savings when using CAD4TB at a 
sensitivity of 79.7%. More than 50% saving at a 
sensitivity CAD4TB above 90%.  

Qin et al. The Lancet 
Digital Health, 2021. 

 
TB & Diabetes screening: High accuracy with CAD4TB 
as a TB screening tool among people with diabetes. 

Habib et al. Nature 
Scientific Reports. 2020. 

 

TB & HIV: added-value with universal HIV screening 
increased timelines and completeness of HIV/TB 
diagnosis. 

MacPherson et al. PLOS 
Medicine. 2021. 

 CAD has the potential to be a useful additional 
diagnostic tool for paediatric tuberculosis. 

Palmer et al. PLOS 
Global Public Health. 
2023. 

 

A complete list of CAD publications is included in the submission. 

Performance  

CAD4TB had the highest overall accuracy (73.8% specificity at 
90% sensitivity), was significantly more specific than other 
algorithms, and achieved the minimum WHO target 
accuracy for a TB triage test. 

[India, Madagascar, South Africa, 
Tanzania, the Philippines, South 
Africa, and Vietnam:  Worodria W et 
al. 2024] (preprint) 

The AUC (95% CI) of CAD4TB against the microbiological 
reference standard (Xpert Ultra and/or sputum culture 
positivity) was 0.90 (0.82-0.97). 

[South Africa, Zambia, Zimbabwe: 
Scott A et al. International Journal of 
Infectious Diseases. 2024] 

As threshold determination must be context-specific, our 
analytically-straightforward approach should be adopted to 
leverage prevalence surveys for CAD threshold determination 
in other settings with a comparable proportion of eligible but 
not tested participants.  

[Lesotho: Vanobberghen F et al. ERJ 
Open Res. 2023] 
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Efficiency & Effectiveness 

The overall performance between CAD4TB v5, v6 and v7 was 
similar, but the distribution of scores across the 100-point scale 
varied greatly across the three versions. To accommodate 
intra-version variation, screening programmes need to select 
new triaging thresholds for each new software update.  

[South Africa: Fehr J et al. IJTLD. 2023] 

The newer version (CAD4TB 7) significantly outperformed the 
predecessor (CAD4TB 6), performing better than human 
readers and meeting WHO TPP values. 

[Bangladesh: Qin ZZ et al. PLOS 
Digital Health. 2022] 

CAD4TB v7 and two other CAD software solutions emerged 
from this evaluation as excellent alternatives for human CXR 
interpretation, performing on par with the Expert Reader and 
significantly better than the Intermediate Reader. 

[Vietnam: Codlin A et al. Nature 
Scientific Report. 2021] 

CAD4TB performs significantly better than human readers. 

[Qin ZZ et al. The Lancet Digital 
Health. 2021]  
[Tanzania: Breuninger et al. PLOS 
One. 2014] 

CAD4TB is an accurate tool for community-based TB 
screening for prevalence surveys in Kenya. CAD4TB 6 met the 
optimal WHO TPP. 

[Kenya: Mungai B et al. PLOS Global 
Public Health. 2022] 

CAD4TB is on par with human expert readers. 

[Vietnam: Codlin A et al., Nature 
Scientific Report, 2021],[South Africa: 
Fehr et al., npj digital medicine, 
2021], [G. Tavaziva et al., Clinical 
Infectious Diseases, 2021], [Pakistan: 
Murphy et al., Nature Scientific 
Reports, 2020] [Philippines: Philipsen 
et al., IJTLD, 2019], [London: 
Melendez et al., IJTLD, 2018], 
[Zambia: Melendez et al., IJTLD, 
2017], [South Africa: Hogeweg et al., 
IEEE Trans Med Imaging, 2015], 
[Tanzania: Steiner et al. Public Health 
Action. 2015] 

CAD4TB met the WHO’s TPP at 90% sensitivity. [Qin ZZ et al. The Lancet Digital 
Health. 2021]  

In a community-based multi-disease screening survey in an 
HIV-endemic rural area, CAD4TB achieved comparable 
sensitivity and specificity to the radiologist. CAD4TB has the 
potential to replace radiologists for triaging CXRs in 
prevalence surveys. 

[South Africa: Fehr et al. npj digital 
medicine. 2021] 

In Tanzania, CAD4TB performance was significantly better 
than a clinical officer’s. 

[Tanzania: Breuninger et al. PLOS 
One. 2014] 
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CAD has the potential to be a useful and cost-effective 
screening tool for TB in a resource-poor HIV-endemic African 
setting, assisting active case finding strategies to break the TB 
transmission cycle. 

[Kenya, South Africa, Zambia: Scott 
AJ et al. Open Forum Infectious 
Diseases. 2024] 

In the context of community-based ACF in endemic TB/HIV 
settings, using POC Xpert and x-ray screening with CAD 
analysis is both feasible and had high diagnostic yield for TB 
and COVID-19. 

[South Africa, Zambia, Zimbabwe: 
Scott AJ et al., International Journal 
of Infectious Diseases. 2024] 

Ensuring CXR for all can be operationally challenging in a 
programmatic setting, however, the combined use of digital 
X-ray and CAD4TB in this project replaced the human 
processing and interpretation of X-ray and contributed to the 
high CXR coverage.  
 
The proportion of people diagnosed with TB who had 
symptoms was very small. This suggested that most of the 
detected TB cases (>80%) were asymptomatic and were 
captured by the contribution of CXR. 

[Papua New Guinea: Dakulala et al., 
BMC Public Health. 2024] 

An experimental calibration method achieved a viable CAD 
threshold for testing. High CAD scores can identify subclinical 
TB and those at risk of progression to bacteriologically 
confirmed TB disease in the near term. 
 
To maximize feasibility, acceptability, quality, and yield of ACF 
over time, continuous review and re-calibration of outreach 
strategies, algorithm, and procedures were essential. 

[Nigeria: Eneogu RA et al. PLOS 
Global Public Health. 2024] 

Delft Light portable digital X-ray and CAD4TB in parallel with 
the WHO 4-symptom screen achieved a lower pre-diagnostic 
loss of presumptive TB cases.  
 
The W4SS + portable X-ray with CAD screen-based 
intervention was more efficient for TB case yield: four times the 
number of TB cases yield than symptom-only-based screening 
intervention. 

[Nigeria: Babayi et al. Public Health 
Action. 2023] 

CAD may provide viable options to increase TB detection, 
especially in low-resource areas where there may be no 
available expert radiologists.  

[Gelaw SM et al. PLOS Global Public 
Health. 2023] 

Ultra-portable X-rays with CAD were overall well received to 
decentralise radiological assessment for TB.  [Qin ZZ et al. PLOS ONE. 2023] 

The per-screen costs for the two CAD software programs with 
a perpetual licensing costing structure are considerably lower 
than the cost with radiologists for high throughput in ACF 
scenarios.  

[Pakistan: Bashir S et al. PLOS ONE. 
2022] 
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With high throughput scenarios, the per-screen cost for 
CAD4TB is 73% lower than a radiologist for ACF and 61% lower 
for facility-based screening.  

TB screening using Delft Light Backpack X-ray and CAD4TB 
during community-based ACF in hard-to-reach Niger Delta 
communities of Nigeria showed a high TB prevalence among 
participants. Nationwide deployment of the instrument in 
hard-to-reach areas is recommended. 

[Nigeria: Odume B et al. Public 
Health Action. 2022] 

CAD4TB v7 had a significantly higher AUC than v6, 0.903 (95% 
CI: 0.897–0.908) compared to 0.823 (0.816–0.830). 

CAD4TB 7 results in a steep initial increase of Xpert test saved. 
Until a threshold of 75, greater numbers of Xpert tests can be 
saved using CAD4TB v7. 

[Bangladesh: Qin ZZ et al. PLOS Digital 
Health. 2022] 

A combination of chest X-ray analysis by CAD4TB and 
symptomatology is of immense value in screening a large 
population at risk in a developing, high-burden country. It is 
significantly a more effective tool for screening and early 
diagnosis of TB in individuals who would otherwise go 
undiagnosed. 

[Pakistan: Nishtar et al. Pak J Med 
Sci. 2022] 

Using CAD4TB can save molecular tests such as Xpert tests. 

[Qin ZZ et al. The Lancet Digital 
Health. 2021], [Pakistan: Habib et al. 
Scientific Reports. 2020], [Pakistan: 
Zaidi et al. Nature Scientific Reports. 
2018], [Bangladesh: Rahman T et al. 
European Respiratory Journal. 2017] 

All five AI algorithms (incl. CAD4TB) significantly outperformed 
the radiologists and reduced the number of Xpert tests 
required by 50% while maintaining a sensitivity above 90%. 

[Qin ZZ et al. The Lancet Digital 
Health. 2021]  

Triage using AI-based CXR interpretation can be cost-
effective and even cost-saving relative to standard practice 
among persons with suspected TB in Pakistan. These results are 
likely applicable to other low-income, high-TB-burden settings. 

[Pakistan: Nsengiyumva et al. Open 
Forum Infectious Diseases. 2021] 

Community-based screening with innovative activities, 
comprising sensitive screening and diagnostic tools, including 
a digital X-ray and CAD4TB, effectively improves TB case 
detection. 

[Pakistan; A. Wali et al. Public Health 
Action. 2021] 

CAD4TB, as a triage tool to pre-screen people with diabetes 
for Xpert testing, can improve case-detection while 
potentially reducing program costs with more rational use of 
expensive molecular tests. 

[Pakistan; Habib et al. Nature 
Scientific Reports. 2020] 

https://pubmed.ncbi.nlm.nih.gov/35734009/
https://pubmed.ncbi.nlm.nih.gov/35734009/
https://doi.org/10.1371/journal.pdig.0000067
https://doi.org/10.1371/journal.pdig.0000067
https://doi.org/10.12669/pjms.38.1.4531
https://doi.org/10.12669/pjms.38.1.4531
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(21)00116-3/fulltext
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(21)00116-3/fulltext
https://doi.org/10.1038/s41598-020-63084-7
https://doi.org/10.1038/s41598-020-63084-7
https://doi.org/10.1038/s41598-018-30810-1
https://doi.org/10.1038/s41598-018-30810-1
https://doi.org/10.1038/s41598-018-30810-1
https://erj.ersjournals.com/content/49/5/1602159
https://erj.ersjournals.com/content/49/5/1602159
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(21)00116-3/fulltext
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(21)00116-3/fulltext
https://doi.org/10.1093/ofid/ofab567
https://doi.org/10.1093/ofid/ofab567
https://doi.org/10.5588/pha.21.0050
https://doi.org/10.5588/pha.21.0050
https://doi.org/10.1038/s41598-020-63084-7
https://doi.org/10.1038/s41598-020-63084-7


In Pakistan, the cost per screened subject using CAD4TB v6 is 
almost half in comparison to screening without, while almost 
2.5 times higher daily throughput. 

[Pakistan; Murphy et al. Nature 
Scientific Reports. 2020] 

Used as a pre-screening system in TB-endemic regions, 
CAD4TB allows for the testing of much larger numbers of 
subjects at a fraction of the cost. 

[Pakistan; Murphy et al. Nature 
Scientific Reports. 2020] 

In the Philippines, CAD4TB as a second reader showed a 22% 
increase in TB detection and could help detect additional TB-
positive cases that were initially missed at limited additional 
costs. 

[Philippines: Philipsen et al. IJTLD. 
2019] 

In Pakistan, CAD4TB, as a triage tool, could minimise the use 
of expensive molecular tests in low-resource settings. 

[Pakistan; Zaidi et al. Nature Scientific 
Reports. 2018] 

Reduces cost per identified TB case and the cost per 
screened subject by almost half. 

[Philippines: Philipsen et al., Nature 
Scientific Reports. 2015] 

Useful where trained human readers are scarce. [Zambia: Muyoyeta et al. PLOS One. 
2014] 

 
 
Paediatric TB 

The performance of CAD4TB v7 to identify TB in children (<13 
years) significantly improved after fine-tuning it with a set of 
well-characterised paediatric chest x-rays. CAD has the 
potential to be a useful additional diagnostic tool for 
paediatric tuberculosis. 

[South Africa: Palmer et al. PLOS 
Glob Public Health. 2023] 

 

 

Key and Vulnerable Populations 

TB / HIV 

Urine SILVAMP-LAM/Determine-LAM plus dCXR-CAD4TB 
diagnostics identified more hospitalised PHIV with TB than 
usual care. 

[Malawi: Burke, RM et al. Clinical 
Infectious Diseases. 2024] 

In a community-based multi-disease screening survey in an 
HIV-endemic rural area, CAD4TB achieved comparable 
sensitivity and specificity to the radiologist. HIV serostatus did 
not impact CAD4TB’s performance. 

[South Africa: Fehr et al. npj digital 
medicine. 2021] 

Digital CXR using CAD4TB with universal HIV screening 
significantly increased timelines and completeness of HIV and 
TB diagnosis. 

[Malawi: MacPherson et al. PLOS 
MEDICINE. 2021] 
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Combined use of mobile X-ray and CAD4TB to identify TB 
among high-risk groups to improve early TB diagnosis can 
deliver a major contribution to TB control in Romania. 

[Romania: Mahler B et al. BMJ Open. 
2021] 

In an HIV-negative population, CAD4TB v6 met WHO-
recommended minimal accuracy for pulmonary tuberculosis 
triage tests. 

[Pakistan: Khan FA et al. The Lancet 
Digital Health. 2020] 

 
Diabetes 

CAD4TB performance was stable regardless of diabetes 
status. 

[India, Madagascar, South Africa, 
Tanzania, the Philippines, South 
Africa, and Vietnam:  Worodria W et 
al. 2024] 

CAD4TB offers good diagnostic accuracy as triage for TB 
screening among diabetes patients. 

[Pakistan: Habib et al. Nature 
Scientific Reports. 2020] 

CAD4TB with X-ray systems allowed not only rapid and 
systematic triage to Xpert testing but also found quantitatively 
more TB-like abnormalities in those with Diabetes Mellitus. 

[Bangladesh: Paul KK et al., Science 
Direct. 2020] 

In Indonesia, CAD4TB has the potential as a triage tool for TB 
screening in people living with diabetes, thereby significantly 
reducing the need for microbiological examination. 

[Indonesia: Koesoemadinata RC et 
al. IJTLD. 2018] 

 
Screening in Prison 

Screening by mobile X-ray systems with automated 
interpretation could reduce the number of confirmatory tests 
required and enable screening to be more rapid in high-
burden TB settings while still maintaining sufficient sensitivity. 

[Brazil: Soares et al., The Lancet 
Regional Health – Americas. 2023] 

The inclusion of digital CXR in systematic TB screening 
detected additional TB cases among inmates that would 
otherwise have been missed, and using CAD4TB may also 
improve the performance of the screening algorithm. 

[South Africa: Kim et al., IJTLD. 2020] 

High uptake of new screening tools, such as digital X-rays with 
CAD4TB, may be particularly feasible, reliable, and highly 
acceptable in prison settings. 

[Pakistan: Wali et al. BMC Public 
Health. 2019] 

CAD4TB reliably evaluates CXRs from a mostly asymptomatic 
prison population, with a performance comparable to local 
readers in Tanzania. 

[Tanzania: Steiner et al., Public 
Health Action. 2015] 

 

Non-TB Abnormalities  
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CAD4TB has the potential to simultaneously provide 
information on other non-TB abnormalities that might be of 
clinical relevance in communities alongside TB.  
 
CAD can be useful to LMICs where there is no routine 
screening for non-TB abnormalities, and there is often a 
shortage of qualified radiologists. 

[Zambia, South Africa: Ngosa D. et 
al. BMC Infect Dis. 2023] 

 

Silicosis 

CAD4Silicosis achieved a high AUC of 0,926 and 0,903 against 
readers 1 and 2 (silicosis classified as ILO≥1/1).  On the 90% 
sensitivity criterion, a specificity of 82.6% against reader 1 and 
74.9% against reader 2. 

[South Africa: Ehrlich R et al. Int. J. 
Environ. Res. Public Health. 2022] 
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