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Background I 

 1.2 million miners from all over Southern Africa passed through the South African 
gold mines between 1973 and 2012  (and many more since then).  Since 1988 annual 
employment has  shrunk from 500 000 in 1988 to 93 000 in 2020.

 Besides silicosis, a disease of extraction of gold from hard rock, pulmonary TB is 
recognized as an occupational disease in miners.   Silicosis increases the risk of TB 4-
fold, and silica inhalation on its own 2-fold (Ehrlich et al. 2021)

 The legacy is a very large number of ex-miners with high burdens of occupational lung 
disease, with rights to benefit examinations under South Africa’s miners’ 
compensation legislation and under a 2018 civil class action suit ($330m, over 12 yrs)

 In addition, the high burden of active TB (prevalence 6%) makes this population one 
of the most severely affected in the world.



Background II
Occupational setting

Need to examine large number of former miners for silicosis and TB – number unknown (> 100 000 
+) plus (annually) another 90 000 employed miners. 

 MBOD
 Tshiiamiso Trust 
 Medical surveillance (mining companies)

 Screening (unselected, i.e. “all comers”)
 Triage  (symptomatic or referred)
 Adjudication

 Large backlogs in the post-employment (compensation) arena.  
 Shortage of radiological expertise and funding, particularly in neighbouring countries.

Public health setting

Renewed interest in plain CXR for  screening and triage in the diagnosis of active TB.



Background III 

 Computer aided detection (CAD) in development for many decades, including 
application to chest radiology

 Use of artificial neural networks and deep learning has greatly increased the 
accuracy of CAD systems, including the detection and diagnosis of active TB

 potential utility for the tasks described above.

 However,  CAD faces difficulties in a population with high rates of silicosis, prior 
TB and active TB, as well as HIV infection.

 Some CXR examples:



Five phases from CAD development to use  

Development – Neural network 
analysis, deep learning

Training  - Source of images 
ideally target population.

Validation - Reference standard 

• Silicosis:  CXR reading (human)  and exposure history.

• Prior TB:   CXR reading  medical history.

• Active TB:  Bacteriology - sputum - NAAT (e.g. Xpert)  microscopy, 
culture, etc.  



Five phases (cont.)

Draw

Receiver 
Operating 
Characteristic 
(ROC) curve

Measure

Area under the 
Curve (AUC)

Choose

Threshold 
criterion, e.g., 
90% sensitivity
(avoid false 
negatives)

Derive

Specificity (avoid 
false positives)

Analysis                                          Prediction



Three systems, one reader: ROC, AUC, sensitivity and specificity for detecting 

TB (n =501)

System Sensitivity Specificity

At Youden-index maximum:

A 83.7% 82.7%

B 82.8% 82.5%

C 24.4% 91.8%

At fixed minimum 90% sensitivity:

A 90.4% 70.9%

B 91.9% 66.8%

C 90.4% 18.5%



Conclusions

• CAD can be used to identify TB and silicosis in this population on the CXR, but at 
the cost of substantial false positives. 

• Has promise in identifying negative CXRs for silicosis and TB, with positives 
subject to second line confirmation (including bacteriological TB diagnosis.)

• Can alter the threshold to get a different sensitivity- specificity combination, but 
user needs to decide what is acceptable. Depends on cost, legal and political 
considerations.    

• In the absence of TB as a confounder, accuracy for silicosis would be even higher.

• Systems vary in their accuracy – need to understand training protocol, validation 
outcomes in different contexts. 

• Need to monitor and evaluate operational utility, and contribute to continual 
upgrading of CAD systems.
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