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Abstract
Purpose: Pulmonary tuberculosis (PTB) is one of the major health problems in the elderly population, causing signif-
icant morbidity and mortality. The aim of this study is to evaluate the significance of the high-resolution computed 
tomography (HRCT) modality for the diagnosis of PTB, in comparison to culture test.

Material and methods: Thoracic HRCT images of the study population, comprising 124 patients clinically suspected for 
PTB with smear and culture reports, were analysed for sensitivity and specificity of the HRCT test. Features of active 
PTB were centrilobular nodules, ‘tree-in-bud’ pattern densities, macro-nodules, consolidations, cavitary lesions, 
ground-glass opacities, and miliary nodules.

Results: Among the study population, 108 cases presented HRCT features of active PTB and the remaining cases were 
negative but had presented a few features mimicking PTB. As inferred from positive culture test results, 106 cases 
had active PTB, the remaining cases were culture negative for PTB. False-positive (FP) or ‘type I error’ cases, and 
false-negative (FN) or ‘type II error’ cases were ascertained by Bayes’ theorem. Sensitivity (true positive rate) and 
specificity (true negative rate) of HRCT test were 0.8125 and 0.8571, respectively.

Conclusions: For proper diagnosis the predictive capability, as two values of ‘a posteriori probability’, was computed; 
the mean value of ‘a posteriori probability’ for HRCT was 0.6358. When its culture test was positive, the HRCT test 
was 69.56-92.85% efficient in ascertaining positive results with a sample; on the other hand, when its culture test was 
negative it was 66.66-100% efficient for a negative result. Thus, the HRCT test is considerably dependable.
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Introduction
Pulmonary tuberculosis (PTB) caused by Mycobacterium 
tuberculosis is a common health problem in the elderly 
population with the presence of several predisposing fac-
tors such as poverty, crowded living conditions, and lack 
of disease awareness. Obviously, the inability to give an 
accurate account of symptoms is an underlying problem 
among the elderly, which contributes to the late recogni-
tion of the disease. Moreover, associated chronic co-mor-
bidities alter the presentable clinical picture, leading 

to delayed diagnosis and aiding in advancement of the 
disease. The diagnosis of active PTB on high-resolution 
computed tomography (HRCT) is based on the pattern of 
parenchymal involvement with features of endo-bronchial 
spread in the form of centrilobular nodules and ‘tree-in-
bud pattern’ densities [1]. Because conventional radiogra-
phy cannot ordinarily detect the above features of active 
infection, HRCT has become the modality of choice for 
diagnosis of active PTB as well as for detection of subtle 
cavitary changes in large pneumonic consolidations and 
dense nodular lesions [2]. Due to higher frequency of tu-
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berculosis (TB) related mortality in elderly patients, main-
tenance of a high index of clinical suspicion for PTB in 
this vulnerable population is undoubtedly justifiable [3].

Bayes’ theorem is used for analysing the available data 
to assess the role of the HRCT test as a preferential imag-
ing modality for diagnosis of PTB. This analysis quantifies 
cryptic errors in this coveted test method used for diag-
nosis of active PTB infections. Thus, the error of treating 
false-positive (FP) or ‘type I error’ (HRCT-positive, cul-
ture-negative for PTB) cases with anti-tubercular therapy, 
which looms large to a patient normally, as well as the con-
sequent spate of non-target treatment complications, could 
be avoided. Moreover, false-negative (FN) or ‘type II error’ 
(HRCT-negative, culture-positive for PTB) cases should 
not be neglected, because the chance of disease aggrava-
tion is obvious at the elderly stage. True positives (TPs) 
(HRCT-positive, culture-positive for PTB) and true neg-
atives (TNs) (HRCT-negative, culture-negative for PTB) 
are the coveted results of a correct diagnosis. HRCT mo-
dality through a set of test statistics was compared with 
the gold standard culture test. The HRCT test may appear 
less reliable than the culture test, in the face of a few other 
diseases often presenting features mimicking PTB. Thus, 
an all-out analysis of both of these diagnostic test meth-
ods for active PTB infections is essential for assessment 
of their diagnostic accuracy using Bayes’ theorem, but 
because that is unavailable in the literature, this work is 
anticipated to strengthen confidence levels on these tests.

Bayesian analysis

The concept of Bayesian analysis regarding the accuracy of 
a test method is vividly described [4]. The area under re-
ceiver operating characteristic (ROC) curve, or area under 
the ROC curve (AUC), a graphical analysis drawn with 
values of sensitivity and specificity for diagnostic efficien-
cy, allows estimation in parallel to the predictive capability 
of a posteriori probability, apart from the arithmetic com-
putation for a posteriori probability as a post-test analysis 
of the data [5].

Material and methods
The study population comprised of 124 elderly patients 
(82 males) aged over 65 years, had attended the Radiology 
department for HRCT test of the thorax during September 
2015 and August 2019. The abovementioned patients clin-
ically suspected for PTB with sputum smear and culture 
test reports for Mycobacterium tuberculosis, were includ-
ed under the study population. Thoracic HRCT images 
of the study population were retrospectively analysed and 
were grouped into two cohorts: 1. Patients having typical 
HRCT features of active PTB infection (HRCT-positive); 
and 2. Patients not having any HRCT finding of active 
PTB (HRCT-negative), but presenting a few HRCT fea-
tures mimicking PTB infection. The main objectives were 

to evaluate the diagnostic accuracy of the HRCT test in 
the differentiation of the abovementioned two cohorts of 
patients, and to analyse the sensitivity and specificity of 
HRCT test in comparison to sputum culture results for 
PTB. The accuracy of the HRCT test can be measured by 
comparing it with the results of culture test, the gold stand-
ard test, because it reveals the true status of PTB disease. 

Typical HRCT features for PTB were centrilobular, 
macronodular, and branching linear and/or nodular 
(‘tree-in-bud’ pattern) parenchymal densities. The few 
other findings were consolidations (lobular, subsegmental, 
segmental or lobar), cavitary lesions (single or multiple), 
ground glass opacities, and miliary nodules. Associated 
HRCT features such as, mediastinal adenopathy, pleural 
effusion, fibro-calcific changes, and bronchiectasis were 
also encountered. The presence of two or more typical 
features was considered as inclusion criteria for diagnosis 
of active PTB infection. Fibro-calcific and bronchiectatic 
changes were often presented as sequelae to previous pri-
mary PTB infection. Patients with positive culture reports 
for mycobacteria species other than M. tuberculosis and 
suspected PTB cases without the above-described HRCT 
feature were excluded. HRCT features of acute pulmonary 
infections other than PTB were also excluded.

Thoracic HRCT examination was done with a GE Op-
tima CT660 multi-slice CT scanner (GE Healthcare Ja-
pan Corporation, Tokyo) with scanning parameters such 
as 512 × 512 matrix, 1-3 mm collimation, 2-second scan 
time, 120 kvP-200 mA, and a bone algorithm at 10 mm 
intervals with 35-40 cm field of view. Contrast-enhanced 
scanning was not done because it was not indicated.

Results
Several HRCT features of PTB in elderly patients were re-
corded (Table 1). Common parenchymal infiltrates were 
as follows: centrilobular nodules, ‘tree-in-bud’ pattern 
densities (Figure 1), macro-nodules (Figure 2), consolida-
tions (Figure 3), cavitary lesions (Figure 3), ground-glass 
opacities, and miliary nodules (Figure 4). Other associat-
ed features were mediastinal adenopathy, pleural effusion, 
bronchiectasis, and fibro-calcific changes. Features such 
as centrilobular nodules and branching nodular ‘tree-in-
bud’ pattern densities were the characteristic findings of 
bronchogenic spread mostly seen with post-primary TB 
infection. Ground-glass opacities were commonly found 
in areas surrounding nodular lesions. Lobar consolida-
tions of tubercular origin were the result of conglomera-
tion of contiguous segmental consolidations arising from 
confluent centrilobular opacities. Herein, consolidation 
was a relatively common finding in the elderly popula-
tion, which could be attributed to delayed diagnosis of 
PTB at an advanced stage. Cavitary lesions were detect-
ed in two elderly patients with negative culture reports 
having features mimicking PTB. Walls of cavitary lesions 
ranged from thin and smooth texture to thick and nodular 
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texture. Mediastinal lymph nodes measuring more than  
1 cm in short-axis diameter were considered as adenop-
athy. Features mimicking PTB, such as fibro-calcific and 
bronchiectatic changes, were presented by nine cases hav-
ing negative culture reports.

From a total of 124 (1.0) recorded cases, 108 (0.871) 
were with features of active PTB infection, while only  
16 (0.129) cases had HRCT features mimicking PTB. Fur-
thermore, 106 (0.855) cases had active PTB infection with 
positive culture test results, and the remaining 18 (0.145) 
cases were culture negative for TB infection. Test results of 
all cases were grouped into four types as TP, TN, FP, and 
FN cases (Table 2). Thus, there was a mismatch of HRCT 
results with culture test results. The total of 106 active PTB 
infection (TP + FN) cases signifies that the prevalence of 
active PTB infection was 106 (85.5%) in the cited popu-
lation of 124 cases. The sensitivity value is the ability of 
the HRCT test to detect the active status of the PTB in-
fection, when it is truly present, i.e. it is the probability of 
a ‘positive test result’. Alternately, the specificity value is 
the ability of the HRCT test to reach at the negative status 
of the PTB infection (when it is truly absent), i.e. it is the 
probability of a ‘negative test result’. Moreover, the diag-
nostic accuracy value digitally estimates the accuracy of 
both HRCT and culture tests together. When the Bayesian 
concept is applied with the data set (Table 3), several oth-
er test statistics were computed for additional probability 
values, along with corresponding 95% confidence interval 
(CI) values for each test statistic (Table 3).

A posteriori probability

The test statistic, a posteriori probability, the probability 
value of TB infection to be truly positive, was calculated 
by the Bayesian formula (Table 3). There are two probabil-
ity values: one p (E1|E) = 0.5617 (probability of HRCT test 
for active PTB infection); and the other value is the AUC 

value = 0.71 (from the ROC curve, Figure 5). The mean 
value of a posteriori probability was calculated as 0.6358 
(95% CI: 0.3107-1.0798) (Table 3).

Discussion

About the disease

Cell-mediated immunity (CMI) is the host defence mech-
anism acting against TB, and it can be profoundly affected 
by the nutritional status of the patient [6]. Elderly people 

Table 1. Thoracic high-resolution computed tomography (HRCT) features  
of elderly pulmonary tuberculosis patients

Thoracic HRCT features Total, N = 124 (100%)

HRCT-positive
(active PTB
 features),

n = 108 (87.1%)

HRCT-negative
(features 

mimicking PTB),
n = 16 (12.9%)

Typical features

Centrilobular nodules 89 (82.3) 0

Tree-in-bud pattern 86 (79.2) 0

Macronodular infiltrates 84 (77.5) 0

Consolidations 63 (58.1) 0

Cavitary lesions 68 (63.2) 6 (35.4)

Ground-glass opacities 67 (61.8) 5 (33.3)

Miliary nodules 34 (31.6) 0

Associated features

Mediastinal adenopathy 37 (34.2) 0

Pleural effusions 11 (10.5) 0

Bronchiectasis 58 (53.9) 11 (68.7)

Fibro-calcific changes 38 (71.1) 15 (91.7)

A B

Figure 1. High-resolution computed tomography of lung apices (A, B) in a 66-year-old female with sputum culture positive for acid fast bacilli showing 
centrilobular nodules, branching nodular, and linear opacities (tree-in-bud pattern) – typical findings of active pulmonary tuberculosis
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Figure 2. Thoracic high-resolution computed tomography sections at the level of tracheal bifurcation in a 69-year-old male with sputum culture positive 
for acid fast bacilli showing (A, B) discrete centrilobular/acinar-lobular infiltrates and sub-pleural macro-nodular densities – typical findings for active 
pulmonary tuberculosis

A B

Figure 3. High-resolution computed tomography sections (A) at the level of right lower lung lobe posterior-basal segment showing basal zone predominant 
airspace consolidation containing a tiny cavity in a 74-year-old male (B) at the level of left upper lung lobe apico-posterior segment showing consolidation 
and acinus-sized nodules containing few cavities in a 70-year-old male – findings of reactivation pulmonary tuberculosis

Figure 4. Thoracic high-resolution computed tomography sections in a 66-year-old female with sputum culture positive for acid fast bacilli showing in-
numerable tiny miliary nodules with a background of patchy ground-glass opacities scattered throughout both lungs. A, B) Sub-pleural and centrilobular 
miliary nodules as well as nodularity of interlobular septa are noted s/o miliary pattern pulmonary tuberculosis

A B
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with malnutrition or micronutrient deficiencies are com-
paratively more prone to this disease with an impaired CMI 
status. Elderly PTB patients often present widespread le-
sions as shown by extensive HRCT features leading to poor 
disease prognosis [7,8]. In presence of other diseases such 
as diabetes, malignancy, and alcoholism, elderly people be-
come more susceptible to PTB from altered mucociliary 
clearance and decreased pulmonary functions. Biological 
changes found with aging are integumental barrier disrup-
tion and impaired microbial clearance mechanisms [9]. 
Several chronic debilitating diseases in the elderly along 
with long-term corticosteroid therapy and few lifestyle fac-
tors, viz. poor nutrition, poor environmental factors, smok-
ing, alcohol abuse, etc., usually predispose to reactivation 
of any dormant TB lesion in the body, and thus it remains 
responsible for the high prevalence of this disease [10].

A higher occurrence of PTB was seen in the elderly 
males than in the females corroborating this study, with 
significantly higher frequencies of co-morbidities, name-
ly, chronic renal failure, and cardiovascular and chronic 

lung diseases [1,11]. Thoracic HRCT plays a major role in 
the diagnosis of complicated multidrug-resistant (MDR) 
TB cases, which often show multiple cavities leading to 

Table 2. Generic 2 × 2 table with number of cases assigned to active pulmonary tuberculosis (PTB) features and features mimicking PTB, based on thoracic 
high-resolution computed tomography (HRCT) test against the results of culture test for PTB infection

Thoracic HRCT results Culture test results Total

Culture-positive* Culture-negative

HRCT-positive (active PTB features) TP = 102 (0.823) FP = 6 (0.048) (TP + FP) = 108 (0.871)

HRCT-negative (features mimicking PTB) FN = 4 (0.032) TN = 12 (0.097) (FN + TN) = 16 (0.129)

Total (TP + FN) = 106 (0.855) (FP + TN) = 18 (0.145) N = 124 (1.0)
*Positive for Mycobacterium tuberculosis, TP – 102 cases were true positives (HRCT-positive, culture-positive), FP – 6 cases were false positives (HRCT-positive, culture-negative), FN – 4 cases 
were false negatives (HRCT-negative, culture-positive), and TN – 12 samples were true negatives (HRCT-negative, culture-negative), N – population size or total number of cases. Corresponding 
fraction values are given in parentheses. Prevalence of active PTB infection in the population was 0.855. FP cases are type I errors, while FN cases are type II errors.

Table 3. Computed probability values of different Bayesian test statistics in diagnosis of pulmonary tuberculosis

Test statistic Formula Value 95% CI

Prevalence or a priori probability (TP + FN)/N 0.6956 0.7560-1.1390

Sensitivity (true positive rate) TP/(TP + FN) 0.8125 0.8388-1.0612

Specificity (true negative rate) TN/(FP + TN) 0.8571 0.9139-1.9860

Diagnostic accuracy (TP + TN)/N 0.8260 0.8930-1.0010

Positive predictivity TP/(TP + FP) 0.9285 0.8651-1.0349

Negative predictivity TN/(FN + TN) 0.6666 0.8996-1.0040

False positive rate FP/(FP + TN) = (1-specificity) 0.1429 0.7451-1.1549

False negative rate FN/(TP + FN) = (1-sensitivity) 0.1875 0.7741-1.1259

Positive likelihood ratio sensitivity/(1-specificity) 5.9975 0.7090-1.1910

Negative likelihood ratio (1-sensitivity)/specificity 0.2187 0.7752-1.1248

A posteriori probability, from computation p (E1|E) 0.5617 0.0163-1.1133

Area under the ROC curve or AUC 0.7100 0.6051-1.0462

Mean value of a posteriori probability 0.6358 0.3107-1.0798
AUC – area under the ROC curve, CI – confidence interval, FN – false negatives, FP – false positives, N – total number of samples, ROC – receiver operating characteristic curve, TN – true negatives, 
TP – true positives

Figure 5. Receiver operating characteristic (ROC) curve for the tuberculosis 
infection diagnostic data
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About the analysis 

All values, except likelihood ratios, are cited herein as frac-
tions of one (Table 3). The prevalence (a priori probability 
or the pre-test probability or the presence of active PTB 
infection in the population) value was 69.56%; there were 
a total of 106 (TP + FN) culture positive active PTB infec-
tion cases out of a total of 124 (N) cases. From incidenc-
es of both false cases (FN and FP), it was discernible that 
each test alone was insufficient for the diagnosis of active 
PTB infection. Furthermore, both positive predictivity 
value (92.85%) and negative predictivity value (66.6%) are 

computed and are are dependent on the prevalence of the 
disease; both these values indicated the distinguishing ef-
ficiency of the HRCT test (the former for the presence and 
the later for the absence of active PTB infection) correctly. 

Thus, there will not be the ambivalence on the HRCT 
test, because a clinician inveterately advises a HRCT test 
in the case of PTB infection, as a part of routine pre-emp-
tive practice. Indeed, it is the most frequently followed 
method of diagnosis prima facie because it is a quick and 
non-invasive diagnostic protocol. Moreover, six FP cases 
(4.8%) of the total HRCT test results were due to the pres-
ence of few active PTB features, misleading the outcome. 
The assertive statement now would be that the HRCT and 
culture test had together 56.17% as the chance of correctly 
distinguishing a PTB patient for the presence/absence of 
active infection, as inferred from the a posteriori proba-
bility value of 0.5617. 

Limitations of the statistical analysis 
The limitations of this analysis are signposted: 1) high val-
ues of sensitivity and specificity are not connected to the 
prevalence of active PTB infection; 2) in the present study, 
there was as a low level of error, at 4.8% (six FP cases), 
insinuated into the culture test result; thus, it remains the 
gold standard (verification bias) test.

Conclusions
High sensitivity and specificity values indicate that the 
HRCT modality in relation to the gold-standard culture 
test had increasing importance as a diagnostic tool in dif-
ferentiating active PTB cases from suspected cases with 
some HRCT features of other diseases mimicking PTB. 

The HRCT test was 69.56-92.85% efficient in arriving 
at a positive result with a sample, when its culture test 
was positive, and it was 66.66-100% efficient for a negative 
result, when its culture test result was negative. 

Because the sensitivity value of HRCT test is higher, 
it would be easier to detect the positivity of the disease 
(active PTB infection) in a population. Therefore, HRCT 
is a dependable modality for an early, accurate, and honed 
diagnosis of active PTB.
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