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INTRODUCTION
In pulmonary tuberculosis , CT provides valuable information for the 
diagnosis and management of the disease. Furthermore, CT can help 
distinguish active forms of the disease from its inactive forms [1,2]. 
The most common CT findings of active pulmonary TB are 
centrilobular micronodules, tree-in-bud opacities, consolidation, and 
cavitation [2]. Especially, centrilobular micronodules, tree-in-bud 
opacities, and cavitation are considered active disease processes [2–4]. 
Moreover, the bacterial count from the smear correlates with the 
degree of infectiousness of the patient as well as the severity of the 
disease [1]. There have been a few studies about the relationship 
between CT findings and the positivity/grading of sputum smears 
[1,5]. In these studies, the presence of cavitation and consolidation 
correlated with the results of sputum studies. However, the presence of 
micronodules did not. This is unexpected because all micronodules 
(but not miliary) in active TB have been considered to have 
centrilobular distribution representing bronchogenic spread [2,6]. 
Recently, we reported that micronodules with perilymphatic 
distribution are common in pulmonary TB which may represent 
lymphatic spread of TB [7]. We thought that all of the micronodules 
visible on CTs in pulmonary TB may not be centrilobular distribution 
reflecting bronchogenic spread, and that the presence of micronodules 
by exception for ones showing perilymphatic and miliary distribution 
may correlate with results of sputum studies. 

MATERIALS AND METHODS
The study was conducted from March 2023 to July 2024. Analysis of 
200 patients with active pulmonary tuberculosis (TB) to evaluate the 
correlation between high-resolution CT (HRCT) findings and sputum 
microbiology results (AFB smear, PCR assay, and culture). 
Conventional and HRCT scans were obtained using MDCT scanners 
with or without contrast enhancement. CT scans, reviewed by two 
experienced chest radiologists, were analyzed for centrilobular 
micronodules(small rounded opacities with a diameter less than 7 mm 
and were classified by their distribution as either centrilobular, 
perilymphatic or random [8], tree-in-bud opacities, consolidation, 
cavitation, interlobular septal thickening, and bronchovascular bundle 
thickening, which are commonly associated with active TB. The extent 
of these findings was assessed based on the number of affected lobes. 
Patients were divided into sputum-positive and sputum-negative 
groups Results showed a significant increase in the frequency and 
extent of centrilobular micronodules, tree-in-bud opacities, 
consolidation, and cavitation in AFB smear-positive patients 

compared to smear-negative patients (p < 0.05). These findings also 
demonstrated an increasing trend in sputum PCR-positive patients, 
whereas no significant differences were observed between the sputum 
culture-positive and culture-negative groups. Additionally, as the AFB 
smear grade increased, the extent of pulmonary involvement also 
increased. The study highlights the diagnostic value of HRCT in 
predicting sputum smear positivity, providing critical insights into the 
radiological severity of pulmonary TB based on microbiological 
findings

RESULTS
Among 200 patients, all were included in this analysis. CT findings 
(conventional CT, n = 170; HRCT, n = 30) were evaluated in all 200 
patients with pulmonary TB (137 men and 63 women; mean age, 45 
years; age range, 16–92 years).

Fifty patients had a chronic illness, including diabetes (n = 20), chronic 
obstructive lung disease (n = 15), malignancy (n = 6), renal failure (n = 
3), and collagen vascular disease (n = 6). Diagnoses of active 
pulmonary TB were confirmed by positive sputum microbiology 
results (acid-fast bacilli (AFB), n = 115; polymerase chain reaction 
(PCR), n = 110; culture, n = 125) in 180 patients. Twenty patients were 
diagnosed by positive microbiology results from bronchial lavage 
(AFB, n = 10; PCR, n = 15; culture, n = 12). 

The clinical characteristics and frequencies of various CT findings in 
patients are summarized in (Table 1). Both frequencies and extents of 
centrilobular micronodules (68% vs 42%, p = 0.009 for frequency; 1.8 
± 1.7 vs 0.7 ± 1.2, p = 0.001 for extent), tree-in-bud opacities (68% vs 
38%, p = 0.001; 1.8 ± 1.7 vs 0.6 ± 1.0, p < 0.001, respectively), 
consolidation (97% vs 84%, p = 0.002; 2.9 ± 1.6 vs 1.5 ± 1.2, p < 0.001, 
respectively), and cavitation (88% vs 36%, p < 0.001; 1.7 ± 1.3 vs 0.5 ± 
0.8, p < 0.001, respectively) were significantly increased in the sputum 
AFB-positive group compared to the negative group (Tables 2 and 3).

Regarding PCR, consolidation (97% vs 74%, p = 0.001; 2.8 ± 1.7 vs 1.3 
± 1.1, p < 0.001, respectively) and cavitation (82% vs 38%, p < 0.001; 
1.6 ± 1.4 vs 0.6 ± 0.8, p < 0.001, respectively) were more frequent and 
increased in extent in the sputum PCR-positive group. The extent of 
centrilobular micronodules was significantly increased in the sputum 
PCR-positive group (1.7 ± 1.7 vs 0.9 ± 1.3, p = 0.035).

However, frequencies of centrilobular micronodules (68% vs 42%, p = 
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ABSTRACT
Objective: To evaluate whether CT findings suggesting active pulmonary tuberculosis correlate with sputum microbiological studies and to 
determine whether CT could predict infectivity. Total 200 patients with active pulmonary tuberculosis were enrolled. Materials And Methods: 
We reviewed CT findings and sputum microbiological studies. Then, we analysed the statistical difference in CT findings between the positive and 
negative groups of each sputum microbiological study (AFB smear, PCR, and culture). Also, we divided the patients into five groups according to 
sputum AFB smear grade and analysed linear trends of CT findings between the five groups A total of 200 patients with active pulmonary Results: 
tuberculosis were analysed. Both the frequency and extent of centrilobular micronodules (65% vs. 40%, p = 0.008 for frequency; 1.8 ± 1.5 vs. 0.7 ± 
1.2, p < 0.001 for extent), tree-in-bud opacities (66% vs. 35%, p = 0.001; 1.9 ± 1.7 vs. 0.6 ± 1.0, p < 0.001, respectively), consolidation (97% vs. 
83%, p = 0.002; 2.9 ± 1.4 vs. 1.5 ± 1.2, p < 0.001, respectively), and cavitation (89% vs. 35%, p < 0.001; 1.6 ± 1.3 vs. 0.5 ± 0.8, p < 0.001, 
respectively) were significantly higher in the sputum AFB-positive group compared to the AFB-negative group. These four CT findings also 
showed an increasing trend in both frequency and extent in the sputum PCR-positive group, though with varying statistical significance. However, 
no significant difference was observed between the sputum culture-positive and culture-negative groups. Conclusion: CT features representing 
active tuberculosis—centrilobular nodules, tree-in-bud, consolidation and cavitation—strongly correlate with the positivity and grading of AFB 
smear.
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0.069) and frequencies and extents of tree-in-bud opacities (65% vs 
40%, p = 0.078; 1.7 ± 1.7 vs 0.9 ± 1.3, p = 0.062, respectively) were 
insignificantly greater in the sputum PCR-positive group. Frequencies 
and extents of centrilobular micronodules, tree-in-bud opacities, 
consolidation, and cavitation did not show significant differences 
between the sputum culture-positive and negative group.

As the sputum AFB grade increased, the frequencies of centrilobular 
micronodules  (Fig .  1) ,  t ree- in-bud opaci t ies  (Fig .  2) , 
consolidation(Fig. 3), and cavitation(Fig. 4) also increased (p < 0.001, 
p < 0.001, p = 0.004, and p < 0.001, respectively, (Table 4). The sputum 
AFB grade also had a statistically significant and moderate positive 
correlation with centrilobular micronodules (r = 0.428, p < 0.001), 
tree-in-bud opacities (r = 0.475, p < 0.001), consolidation (r = 0.543, p 
< 0.001), and cavitation (r = 0.592, p < 0.001, Table 5).

Figure 1

Figure 2

Figure 3

Figure 4

Table 1 – Clinical characteristics and frequencies of various CT 
findings 

Table 2 – Frequencies of Common CT Findings According to 
Microbiology Test Positivity

Table 3 – Extent (Mean Number of Involved Pulmonary Lobes) of 
Common CT Findings According to Microbiology Test Positivity

Table 4 – Frequencies of Common CT Findings According to 
Sputum AFB Smear Grade

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr



Table 5 – Extent (Mean Number of Involved Pulmonary Lobes) of 
Common CT Findings According to Sputum AFB Smear Grade

DISCUSSION
Cavitation, consolidation, centrilobular micronodules, and tree-in-bud 
opacities were the most significant CT features associated with 
positive sputum microbiology results in pulmonary TB. The 
frequencies of these four findings correlated with sputum AFB grade, 
reinforcing their role in TB infectivity due to their association with 
bronchogenic dissemination and local invasion [4,9,11]. 
Consolidation represents caseous pneumonia, while cavitation occurs 
when TB lesions erode the bronchial tree, leading to expectoration and 
possible bronchogenic spread [9,11]. The onset of caseous necrosis is 
linked to a rapid increase in AFB numbers [12]. Prior studies have 
reported similar findings, indicating that consolidation and cavitation 
correlate with smear-positive TB, though centrilobular micronodules 
were not significantly associated in some cases [1,5]. This could be due 
to the smaller number of micronodules and their distance from the 
central airway [2,6]. Our study found that perilymphatic micronodules 
were more common than centrilobular ones. After excluding 
perilymphatic and randomly distributed micronodules, centrilobular 
micronodules showed a strong correlation with sputum study results. 
Previous studies have reported interstitial and peribronchovascular 
nodules in TB, suggesting pulmonary lymphatic involvement [13-16].
A key limitation of this study was the retrospective analysis of CT 
images with 3–5 mm slice thickness, which may have underestimated 
small cavitations or micronodules. While conventional contrast-
enhanced CT is preferred over HRCT for evaluating lymphadenitis or 
other associated findings, advancements in MDCT technology allow 
for improved assessment of subtle abnormalities using multiplanar 
reconstruction [Syngo.via, Siemens Healthcare]. In conclusion, CT 
features indicating bronchogenic spread and local invasion in active 
pulmonary TB correlate with sputum microbiology results. Thus, CT 
can serve as a valuable tool not only for diagnosis but also for 
predicting TB infectivity.
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