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Automated Computer-Vision Detection of Mycobacterium Tuberculosis using 
TBDx™ Multi-Fusion Algorithms on Load Calculated Panel Slides  

 

Abstract: 

Tuberculosis (TB) is the main cause of death due to infectious disease. Several published works 
have addressed the [automated?] detection of TB bacilli under fluorescence microscopy, but fell 
short on delivering a solution that is practical and effective. TBDx™, a fully-automated 
technological approach, offers an end-to-end slide management solution: (i) barcode capture of 
patient and slide information; (ii) camera autofocusing that compensates for staining variances 
and topology of the smear; (iii) high-quality digital image capture (eliminates the requirement for 
oil immersion when using ZN stain); (iv) high-performing computer-vision algorithmic bacilli 
detection; (v)  user-defined report generation; and, (vi) sophisticated communication capabilities 
for automated distribution of diagnostic results, access to images across the Internet, and 
automated patient update to a laboratory information system.  

This abstract focuses on detection, the central most important piece of the solution. TBDx™ used 
artificial (panel) smear slides to demonstrate sensitivity. The benefit of using panel slides is that 
the numbers of AFBs in any slide is known. The panel slides used for this study were sourced from 
the paper titled “Improved Polyacrylamide-Based Artificial Sputum with Formalin-Fixed Tubercle 
Bacilli for Training of Tuberculosis Microscopists” by Hiroyuki Yamada, from the Research Institute 
of Tuberculosis, Japan.  In his paper he states, “we report an improved preparation method for 
PBAS for panel test slides that provides a simplified method and enhanced availability with high 
consistency in each grade and in which only negative PBAS is prepared from polyacrylamide and 
cultured THP-1 cells and mixed with graded formalin-fixed Mycobacterium tuberculosis solution 
(FFTBS) containing oral flora and Pseudomonas aeruginosa on the slides. In the smears prepared 
using this improved method, the numbers (average +/-standard deviation [SD]) of acid-fast bacilli 
(AFB) in 300 fields (2-by 3-cm smear) in eight smears of each grade ranged from 5 to 9 (6.4 _ 1.4), 
from 59 to 88 (74.6 _ 10.0), from503 to 912 (705.0 _ 145.7), and from 1,819 to 3,256 (2133.3 _ 
478.0) in +/-, + , ++  and +++ smears, respectively. In addition, this preparation method provided 
high similarity to the microscopic appearance of bacilli and background seen in the actual patient 
sputum, with high feasibility. These results revealed that our new PBAS had high authenticity in 
the appearance and consistency in each grade, which could make it valuable as reliable artificial 
sputum for the training of microscopists.”  

A Multi-Fusion Algorithm (DFA) combines the outputs of the individual methods to make a global 
decision. We believe that the algorithm needs to make different sets of decisions when 
confronted with certain types of data. TBDXTM makes use of the following: 

1. Adaptive approach based on microbiologist's statistical heuristic decision process when it 
encounters cases that have high numbers of AFBs (e.g. ++, +++). 

2. Reconfirms AFBs detected in a scanty (Cases between 1-9 AFBs) by employing completely 
different imaging techniques and metrics and then comparing the coordinates. 

3. Uses stepwise classification methods to lower the ‘false positive’ cases and identifies debris 
fields just like a microscopist. 
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Supplemental Information 

 Description of purpose: 

Tuberculosis (TB) is the main cause of death due to infectious disease. One-third of the world’s 
population carry TB bacteria, originating about 10 million active TB cases and approximately 3 
million deaths annually. The purpose of this work is to compute the sensitivity and case 
designation of the TBDx™ technology using load specified panel slides. 

 Materials: 

A total of 50 panel slides were received from Japan’s Research Institute of Tuberculosis, 
prepared by Dr. Hiroyuki Yamada. A case severity breakdown of the 50 slides was as follows: (i) 
20 were +/- (scanty), (ii) 10 were +, (iii) 10 were ++, and (iv) 10+++. For the calculation of 
specificity we analyzed 712 cases provided from a clinical study conducted in 2010, in South 
Africa, along with 59 cases received from the National Health Laboratories of South Africa in 
September 2012.  

 Algorithm Definitions: 

Algorithm 1:  Algorithm 1 makes use of color-based segmentation. The primary use of this 
approach was the following: 
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 Color segmentation is attractive because it is not computationally expensive. It can 
essentially be performed with a look-up table. 

 Color segmentation is easily adaptable to un-calibrated color cameras. Although 
one camera's color space is different than another camera's color space. Colors do 
not vary too widely between cameras, and simple training allows different cameras 
to function equivalently. 

 Color can give more information than a luminance only image or an edge 
segmented image. Since pixels are a mixture of three colors, this gives information 
that a luminance only image does not have. 

Typical of any segmentation process, there is always a need to reduce the noise that remains.  
Support vector machines (“SVM”) are supervised learning models, with associated 
learning algorithms, that analyze data and recognize patterns used for classification. In 
addition to performing linear classifications, SVMs can efficiently perform non-linear 
classifications using what is called the kernel trick, implicitly mapping their inputs into high-
dimensional feature spaces. Results show that some obvious residual noise remains. A stepwise 
classification algorithm (SWC) was developed to remove this residual noise. Details of the 
SWC can be found in the paper, “Automated detection of tuberculosis on sputum smeared slides 
using stepwise classification”. 

 
Algorithm 2:  Results generated from Algorithm 1 indicated a need for improvements in 
specificity, but deeper analysis showed that a fixed algorithm carrying out the same set of 
functions on every FOV was not optimal. For example, there was no need to execute the SWC 
algorithm when a certain number of AFBs were detected, because at that point one could 
argue that ‘false positives’ would no longer be an issue.  In short, there was a need to make the 
algorithm adapt during the course of analyzing 100 FOVs.  Hence, Algorithm 2 was called a 
Multi- Fusion algorithm and its description and diagram can be found above. 

 Sensitivity Results 

Panel slide detection ranged from 82% to 90% with 100% concordance between the panel 
slide load designation and TBDx™ detection finding. 

 
TBDxTM Algo 1 ACTUAL CORRECT 

Positives 50 48 90.00% 

SC 20 15 75.00% 

P1 10 10 100.00% 

P2 10 10 100.00% 

P3 10 10 100.00% 

 

TBDxTM Algo 2 ACTUAL CORRECT 

Positives 50 41 82.00% 

SC 20 11 55.00% 

P1 10 10 100.00% 

P2 10 10 100.00% 

P3 10 10 100.00% 

 

http://en.wikipedia.org/wiki/Supervised_learning
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Statistical_classification
http://en.wikipedia.org/wiki/Kernel_trick
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 Specificity Results 

The ‘false positive’ rate from the total of 771(712+59) cases was 27% (specificity of 73%) for 
algorithm 1 and 14% (specificity of 86%) for algorithm 2. 

 
TBDxTM Algo 1 CASES CORRECT 

Nov-10 712 520 73.03% 

Sep-12 59 51 72.88% 

 
 

 

 

 ROC Curve  

 
 

 Conclusion: 

TBDx™ automatically detects and assigns proper case load designation in panel slides (in 
which the exact ranges of AFBs are known) with a high degree of accuracy.  It also 
maintains specificity levels in the mid to high 80s. With its breakthrough autofocussing 
and digital image capture technology,  its patent-pending capability to process ZN slides 
without the requirement for oil immersion, and its robust and real-time reporting 
capability, TBDx™ presents a compelling argument, both economically and operationally, 
to maintain the currently imbedded smear microscopy laboratory  systems, and 
significantly enhance their performance with a fully-automated computer-vision solution 
for TB diagnosis.  
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TBDxTM Algo 2 CASES CORRECT 

Nov-10 712 617 86.66% 

Sep-12 59 51 86.44% 


