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Summary
The article presents a methodology for assessing the tuber-
culin immune response through the tuberculin skin test
(TST) monitored with IR thermal imaging. The authors
claim to demonstrate that through a computer program,
using advanced image-processing techniques, hot areas in
thermal images indicating the tuberculin reaction, facilitat-
ing a faster assessment of the TST.

For the images capture a standard protocol was used for
subjects and room preparation, but no mention is given to
the equipment preparation. The thermal camera used was a
Fluke TiR32, array size of 320x240, NETD < 50mK at
30°C and accuracy of ±2% of the overall temperature
reading. The distance used and field of view is in line with
the guidelines, images were taken from the forearm, having
a coin in the scene for size reference. All images were ac-
quired using the Fluke smartview software, storing the im-
age in a .jpg image and the temperature values were trans-
ferred to a text file. All the subsequent image processing is
made using the software package Matlab 2014b. In order to
uniform the image temperatures, the authors have normal-
ized them using a formula, which consisted of the recorded
value minus the minimal temperature recorded within the
image divided by the difference between the maximum and
minimum temperature recorded.

All images of the forearm were normalised using im-
age-processing techniques such as canny edge detector and
Hough transform into an elliptical region of interest in an
iterative manner. During the normalization process the
pixels with the mean temperature normalized value were
also classified through the intensity transformation (white
expansion) of a centred 5x5 window in region1, Purified
Protein Derivative (PPD) reaction area; region2, erythema;
and background (region 3).

Results showed that in a sample of 34 subjects (12 males
and 22 females), the thermal images had identified all 20
positive TST (papule > 5mm) and the remaining 14 were
negative in both the standard and the thermographic evalu-
ation. From the 20 positive TST, only 6 had tuberculosis
disease demonstrated by other methods (sputum culture

and thorax radiographs). The particularities found in IR
images of TST positives were a most central geometric
area, with elliptical irregular contours when compared with
TST negatives. Significant differences in mean temperature
between both groups for region 1 and region3, region 2 and
region 3, and region 1 and region 2 plus 3 were found. The
diameter of the tuberculin reaction area assessed with stan-
dard method or with thermal immaging did not differ sig-
nificantly (14.35 ± 7.39 mm versus 16.52 ± 6.52) In TST
positive patients, no differences in IR temperatures of re-
gion 1 were detected between subjects with and without
tuberculosis disease.

Comment
This paper is the first known approach to objectify with IR
imaging the current subjective measurement of skin
induration by palpation caused by the tuberculin reaction.
Although an excellent agreement between the standard
method and the thermographic evaluation was observed,
the TST had a high rate of false positive results. The low
specificity of TST does not recommend its use for diagnos-
ing of tuberculosis.

In my view this could be a good application, but I have
doubts with the proposed methodology. The images have
been processed with canny edge detection and Hough
transformation. This process is relatively slow and gener-
ates pixel errors which can affect the temperature readings [1].

The normalisation procedure based on the grey value rep-
resenting pixel temperature minus minimum temperature
in relationship to the total temperature range within the im-
age, could have been avoided if the recording temperature
range intervals were set and kept statically, using the same
temperature window.

A larger sample with images taken using a static tempera-
ture interval and having a second confirmatory method is
recommended. In order to standardize the size, the sim-
plest approach is to have a capture mask as the CTHERM
software package had, and use automatic isotherms to de-
lineate the thermally affected area. The external masks
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would help to facilitate to position and distance of the arms
in the image, warping techniques can standardise the view
using anatomical control points, it would emphasize the va-
lidity of using the concept of hot areas in the identification
of patterns in the lesion caused by the reaction to the TST
test..
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