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Physical characterization of latent tuberculosis lesions 
from post-mortem human lung tissue
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Approximately one-third of the global population is thought to be infected with tuberculosis (TB). A
latent tuberculosis infection (LTBI) is characterized by a permanent immune response
to Mycobacterium tuberculosis (Mtb) antigens in the absence of any clinical manifestation of the
disease. During an LTBI, Mtb remains in an inactive state for a long time, being phenotypically
insusceptible to anti-tuberculous drugs and retaining its ability to resuscitate and proliferate. Several
historical studies have shown that calcified lesions were identified in latent TB post-mortem (PM)
specimens.

High-resolution digital 3D imaging of TB lesions within human post-mortem lung tissue will improve
our understanding of TB disease. X-ray computed tomography (CT) is an invaluable tool for non-
destructive imaging in medical diagnosis. Compared to medical CT, nano/micro-CT (n/μCT) uses
higher energy X-rays and smaller rotations between the sample and detector (< 1°) to generate
much higher resolution.

Background
Our current understanding of TB is limited by conventional histological methods based on the 2D
assessment of small regions of interest. This requires the need for high-resolution three-
dimensional (3D) imaging techniques to visualize TB lesions within the context of the whole lung.

Study rationale

Given the availability of PM human lung tissue and advancements in 3D imaging techniques, the
objective of this study is to utilize VGStudio Max to determine the physical characteristics and
spatial distribution of TB lesions in PM tissue from decedents that died of causes other than TB.

Study objective

Methods and materials

Complete reconstructed μ/CT scanned
images of the lungs were used for the
analysis.

Results

Subsequent visualization and analysis (e.g.,
dimensions, surface area, volume calculations etc)
were performed in Volume Graphics VGStudio Max.

Grey-scale thresholding was employed for segmentation (demarcation
of 3D regions of interest) and a minimum voxel size of 1000 voxels
was maintained for all the samples to establish consistency.

Conclusion

The ten largest calcified lesions based on volume were
identified. Further, the largest calcified lesion detected had
dimensions of 2.30 mm x 2.75 mm x 2.39 mm, a volume of
4.98 mm3, and a surface area of 18.85 mm2. The smallest
calcified lesion had dimensions of 0.72 mm x 0.50 mm x 0.59
mm, a volume of 0.09 mm3, and a surface area of 1.11 mm2.

The ten largest calcified lesions based on volume were
identified. Further, the largest calcified lesion detected had
dimensions of 2.07 mm x 1.67 mm x 1.58 mm, a volume of
1.48 mm3, and a surface area of 8.33 mm2. The smallest
calcified lesion had dimensions of 0.72 mm x 0.50 mm x 0.59
mm, a volume of 0.11 mm3, and a surface area of 1.20 mm2.

The ten largest calcified lesions based on volume were
identified. Further, the largest calcified lesion detected had
dimensions of 1.53 mm x 1.71 mm x 1.85 mm, a volume of
1.52 mm3, and a surface area of 8.48 mm2. The smallest
calcified lesion had dimensions of 0.50 mm x 0.63 mm x 0.81
mm, a volume of 0.09 mm3, and a surface area of 1.27 mm2.

The results of this study suggest that μCT is a powerful imaging tool while VGStudio Max presents a
useful platform to determine the physical characteristics of calcified TB lesions in PM tissue. Future work
would require segmenting each calcified lesion of interest to determine its 3D structure.

Table 1: The physical parameters for post-mortem 1.

Figure 1: The spatial distribution of the ten largest lesions 
based on volume identified in post-mortem 1.

Table 2: The physical parameters for post-mortem 2.

Figure 2: The spatial distribution of the ten largest lesions 
based on volume identified in post-mortem 2.

Figure 3: The spatial distribution of the ten largest lesions 
based on volume identified in post-mortem 3.

Table 3: The physical parameters for post-mortem 3.
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