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Aim: This study evaluated PTB demographics, clinical/radiographic features, 
and the diagnostic accuracy of chip-based PCR techniques in suspects. 
Methods: This cross-sectional WHO-aligned PTB study collected patient 
data, standardized chest X-rays, and evaluated sputum micro real-time 
PCR to their reference standard Middlebrook 7H9 culture.

Results: PTB burden was highest in men aged 51–60 with moderate-
to-high incomes, with heavy smoking as the main risk factor. 
Higher bacterial loads correlated with worse clinical severity, and 
reticulonodular opacities were the most common radiological finding 
(41.1%; p < 0.0001). Bacterial (40.1%) and fungal (36.7%) co-infections 
were more frequent than diabetes or HIV (p < 0.001). TrueNat showed 
the highest diagnostic accuracy (98.2%), whereas chest radiography 
was significantly less accurate.

Conclusion: PTB risk was driven by demographics and behavior, while 
TrueNat far outperformed radiology in diagnostic accuracy.
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Introduction
India’s TB incidence (new cases every year) slashed by 
21%—from 237 per lakh population in 2015 to 187 per 
lakh in the population—at nearly double the pace of 
the global decrease rate recorded at 12%, according to 
the World Health Organization’s Global TB Report 2025.1 

This represents one of the largest decreases in TB incidence 
worldwide, steeper than seen in other high-burden 
countries.2 The novel case-finding strategy adopted by 
India, coupled with rapid adoption of advanced technologies, 

decentralization, and extensive community involvement, 
has resulted in 26.18 lakh patients being diagnosed for 
TB during 2024, against an estimated incidence of 27 
lakh. This has led to a reduction in the “missing cases”—
defined as having TB but not getting reported—from 
about 15 lakhs in 2015 to less than one lakh by 2024. 1,3-5 

Conventional diagnostic modalities, sputum smear 
microscopy and culture continue to be the mainstay in TB 
diagnostics in several resource-poor settings.6,7 Though 
smear microscopy is cheap and affordable, it is less sensitive 
particularly in paucibacillary cases, children and patients 

https://www.adrpublications.in/medical-journals/journal-of-communicable-diseases
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with concurrence of HIV.8 Culture, a gold standard for TB 
diagnosis, provides the greatest sensitivity and allows 
for drug susceptibility testing, but is technically difficult 
to perform and time-consuming taking weeks to achieve 
growth of mycobacteria and usually not available in 
primary health care.9,10 In order to address these diagnostic 
needs, molecular tests for detection of tuberculosis 
have proved transformative tools in the global campaign 
against TB.11 The nucleic acid amplification tests (NAATs) 
enable rapid, highly sensitive, and specific detection of 
Mycobacterium tuberculosis directly in clinical samples 
avoiding the constraints with respect to traditional testing 
methods.12 Of the molecular diagnostic platforms, TrueNat 
tests have evolved as promising technologies that can be 
potentially used in decentralized and resource-constrained 
healthcare facilities.13,14 The indigenous chip-based real-
time PCR assay-TrueNat for diagnosis of tuberculosis has 
been recommended by WHO for rapid TB detection and 
rifampicin resistance. It has the benefits of portability, 
low infrastructure needs, and a short turnaround 
time that is less than two hours and can be deployed 
in a point-of-care manner such as remote regions.15-17  

Chest X-ray (CXR) is a common TB screening tool in 
many health systems. Automatic detection of TB signs 
in such X-rays using deep learning has becomes a major 
and increasing field of research.18 Although the use of 
molecular diagnostics has increasingly been implemented, 
correlation between patient-level demographics. Clinical 
characteristics, and radiology have been reported. 
Furthermore, radiographic presentations of PTB are vital 
to diagnosis and prognosis determination in patients, as 
evaluated by CXR.19 Therefore, this study aimed to analyze 
the demographic profile, clinical presentations, radiological 
features, and diagnostic accuracy, specifically addressing 
the TrueNat assays.

Materials and Methods
This cross-sectional observations study was carried out at 
the Vedantaa Institute of Medical Sciences and Research 
Centre from September 2025 to December 2025 to correlate 
the demographic, clinical, and radiological profile with 
molecular methods for the detection of PTB suspects. The 
study was approved by the Institutional Ethics Committee 
(IEC) (approved number EC/OA/03/25) and adhered to the 
Declaration of Helsinki. The study subjects are selected 
from patients attending the OPDs of the Departments of 
Tuberculosis and Chest, General Medicine, and Paediatrics. 
Patients are evaluated through clinical, radiological, 
pathological, and microbiological investigations, followed 
by consultation with the chest physician and paediatrician, 
as appropriate, for suspected pulmonary tuberculosis (PTB). 
The routine protocol, including reporting to the National 
Tuberculosis Elimination Programme (NTEP) through 
the Nikshay ID, is followed regularly. The Department of 

Microbiology routinely reports the relevant microbiological 
findings on the Nikshay portal. Written informed consent 
was obtained from all the participants before enrolling 
in the study. Eligible patients according to WHO criteria 
who presented with symptoms suggestive of PTB, such as 
cough for more than two weeks, haemoptysis, fever, night 
sweats or weight loss, were included in the study. Patients 
that received antituberculosis therapy in the preceding 
six months or those with incomplete clinical data were 
excluded.

Demographic and clinical data such as age, sex, occupation 
(agricultural, non-agricultural, housewife, or other), socio-
economic status (poor/middle class/rich), comorbidity with 
Diabetes Mellitus (DM), HIV/AIDS, and TB co-infection and 
fungal co-infections were noted by using a pre-designed 
form along with detailed symptomatology. Radiological 
findings were classified according to patchy infiltration, 
cavity formation, consolidation, nodules, miliary alterations, 
reticulonodular opacities, and fibrosis. An early morning 
sputum sample was collected under standard biosafety 
procedures for molecular testing. The molecular diagnosis 
of Mycobacterium tuberculosis was carried out by micro 
real-time PCR following the manufacturer’s manuals. 
Middlebrook 7H9 was used as the gold standard for 
mycobacterial culture.

Data were graphically illustrated by Microsoft Excel and 
GraphPad Prism software programs as well as Microsoft 
design graphics. Associations between demographic, 
clinical, and radiological parameters and molecular 
detection results were analysed using the chi-square test 
for categorical variables, which was considered statistically 
significant at p < 0.05. The performance of molecular tests 
in terms of sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and overall accuracy 
was determined using culture as the reference standard 
with standard techniques (https://www2.ccrb.cuhk.edu.
hk/stat/ConfidenceInterval.htm).

Results
The occupation-wise distribution of the study participants 
showed that among the TB-positive cases, agricultural 
workers represented the largest group, with 47/108 
(17.4%), followed by housewives with 40/99 (14.8%). Non-
agricultural workers and participants in other occupations 
contributed 16/43 (5.9%) and 9/20 (3.3%) TB-positive cases, 
respectively. Among the TB-negative cases, agricultural 
workers accounted for 61/108 (22.5%), followed by 
housewives with 59/99 (21.8%), non-agricultural workers 
with 27/43 (10.0%), and those in other occupations with 
11/20 (4.0%) (Figure 1).

The association between occupation and TB status was 
tested using the chi-square test of independence. The 

https://www2.ccrb.cuhk.edu.hk/stat/ConfidenceInterval.htm
https://www2.ccrb.cuhk.edu.hk/stat/ConfidenceInterval.htm
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distribution of TB-positive and TB-negative cases by 
occupational categories (agriculture, non-agriculture, 
housewife, and others) showed no significant difference 
from what would be expected under the independence 
assumption (χ² = 0.649, df = 3, p > 0.05). This suggests 
that TB status in this group was statistically unrelated to 
occupation and that the risk of TB was not influenced by 
occupational class in the study group.

The distribution of TB-positive patients showed an age-
specific pattern, as well as income category-specific. The 
distribution of TB-positive participants demonstrated 
variation according to age, sex, and income category. Among 
males, the highest proportion of TB-positive participants 
was observed in the 51–60-year-old age group (17; 15.2%), 
corresponding to the very high income category (₹80,000–
89,999). This was followed by males aged 41–50 years 
(15; 13.4%) and 31–40 years (14; 12.5%), both belonging 
to the high-income category. Among females, the highest 
proportion was observed in the 21–30-year-old age group 
(19; 17.0%), corresponding to the high-income category 
(₹60,000–79,999). Female participants aged 31–40 years (9; 
8.0%) and 41–50 years (4; 3.6%) were also classified as high 
income. In contrast, females aged 51–60 years accounted 
for only 2 (1.8%) participants and were classified as low 
income (Figure 2). Among pediatric patients up to 13 years 
of age, the parents’ income was considered to assess the 
prevalence of pulmonary tuberculosis in relation to the 
socioeconomic status of the family. Distributions of male 
and female TB cases at all age groups: the rate of TB was 
higher in males than in females overall, indicating that 
occupational exposure, social interaction such as sharing 
resources (i.e., income), and socioeconomic level could be 
closely related to TB susceptibility.

The risk factors observed among the study persons (n=112) 
were tobacco and alcohol-consuming habits, which 
comprised 22 (19.6%) heavy smokers, 16 (14.3%) moderate 
smokers, 11 (9.8%) light smokers, 8 (7.1%) non-smokers, 
and 14 (12.5%) chewing tobacco. The alcohol-consuming 
persons comprised 11 (9.8%) occasional heavy alcohol 
drinkers, 16 (14.3%) frequent alcohol drinkers, and 5 (4.5%) 
moderate alcohol drinkers, while 2 persons (1.8%) were 
found to be abstainers, who hardly had any involvement in 
alcohol consumption. 7 persons (6.3%) had both smoking 
and alcohol consumption habits (Figure 3). It is apparent 
from the data that the tobacco users (62.6%) outnumbered 
the alcohol users (34.8%). The mean frequency of habits 
in this population, with a frequency of 11.2 (standard 
deviation = 5.67) of the habits considered, and heavy 
smoking at 22.01 and a z-score of +1.91 were found to 
be very significant. In contrast, small and non-significant 
differences were observed for the frequency of moderate 
drinking (5, z ≈ -1.09) and no drinking at all (2, z ≈ -1.63), 
suggesting protective or low-risk use may not be widespread 
in this population.

In the clinical profile of subjects under study, the most 
persistent clinical symptoms were associated with the 
highest bacterial load (averaging 1.0 × 10⁶ to 5.6 × 10⁷ 
CFU/mL). These high-load cases usually had cough, fever, 
and weight loss in combination. There was an increase in 
the size of the symptomatic complex and severity of illness 
with increasing bacterial load; symptomatic groups were 
mostly multi-syndromic in higher-burden categories. The 
medium bacterial load group (1.1 × 10³, 2.3 × 10⁴, 8.7 × 10⁴, 
and 9.3 × 10⁴ CFU/mL) was linked with the combination 
of fever, fatigue, and cough, while it showed almost no 
relation to weight loss. Medium bacterial loads accounted 
for moderate, less complex disease (an intermediate stage 
between early infection and advanced post-primary TB). 
The lowest bacterial burdens, 8.9 × 10¹, 1.7 × 10², and 
2.1 × 10², were mainly those with fever and fatigue but 
only occasional mild coughing. Thus, low bacterial burden 
was associated with mild, relatively nonspecific clinical 
symptoms consistent with early or contained MTB infection 
(Table 1).

The radiological findings of persons under study that 
reflected reticulonodular opacities were the most common 
abnormality, 46/112 (41.1%), and more frequently observed 
in males, 29/112 (25.9%), than in females, 17/112 (15.2%). 
Cavitary lesions were observed in 27/112 (24.1%) patients, 
18 (16.1%) men, and 9 (8.0%) females. Patchy infiltration was 
observed in 19/112 (17.0%) patients, while consolidation 
was present in 9/112 (8.0%). Nodules were seen in 7 
(6.3%) patients, miliary disease in 3 (2.7%) patients, and 
fibrosis in 1 (0.9%) patient (Table 2). The chi-square test 
revealed a very significant difference in radiological findings 
distribution (χ² = 97.11, df = 6, p < 0.0001).

Associated conditions in the plain (no co-infection): 
fungal co-infection was detected in 41/112 (36.6%) 
patients. Diabetes mellitus was present in 22/112 (19.6%) 
patients, while HIV co-infection was identified in 4/112 
(3.6%) patients. Of the patients with fungal co-infection, 
15 had neither diabetes mellitus nor HIV co-infection. 
Among the fungal isolates,  Aspergillus niger  was the 
most frequently identified species (7; 10.4%), followed 
by Aspergillus fumigatus (5; 7.5%), Aspergillus flavus (2; 
3.0%), and Aspergillus terreus (1; 1.5%) (Figure 4). The 95% 
confidence intervals for the proportion of each co-infection 
category were calculated. Diabetes mellitus varied from 
12.3% to 27.0%, HIV/AIDS from 0.14% to 7.00%, and fungal 
co-infection from 27.7% to 45.5%, while plain cases were 
seen in between 31.1% and 49.2%. A chi-square goodness-
of-fit test also indicated a significant deviation from a 
uniform distribution between categories (χ² = 38.21, df 
= 3, p < 0.001). These findings suggest that co-infections 
are not randomly distributed and are significantly more 
likely to occur.
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Among all diagnostic methods tested, TrueNat showed 
the highest sensitivity, 98.2% (95% CI: 95.4 to 100), with 
correct identification of true positive cases, while the CXR 
performed significantly poorer with a sensitivity of 75.2% 
(67.1–83.3), indicating an increased risk of false negatives. 
The molecular tests exhibited perfect specificity: TrueNat 
had 100% (95% CI: 29.2-100). For a lower specificity of the 
CXR at 66.7% (9.4–99.1), false positives were more likely to 
occur. The PPV for TrueNat was 100%, thereby qualifying 
them for having high validation ability in diagnosing disease 

presence. The CXR’s PPV was marginally lower but still 
high at 98.8% (96.5–100). The NPV was more variably 
distributed: TrueNat displayed the highest value of 60% 
(12–100), which expressed a relatively better sensitivity 
to exclude disease in negative patients, whose NPV 
approached 37.5% (4.2–70.8). CXR was a poor NPV in 
this respect: 6.9% (0–16.1). The accuracy reflected this 
trend, with TrueNat achieving an overall accuracy of 98.2% 
and CXR being significantly lower, dropping to about 75% 
(Figure 5).

Figure 1.Proportion of tuberculosis-positive cases across different occupational categories (n=112). These 
profiles were consistent with the higher load of TB on groups with occupational exposure and socio-

environmental vulnerabilities related to farming work.

Figure 2.Socioeconomic and age determinants of TB susceptibility in male and female populations

Figure 3.Habits with potential risk for tuberculosis and their prevalence. The population shows a large variety 
in smoking, alcohol, and tobacco habits, where heavy smoking was the most notable high-risk behavior. The 
prevalence of moderate drinking and non-use were both low, suggesting low rates for protective behavior
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Table 1.Symptom patterns stratified by quantitative MTB bacterial loads

Bacterial Load 
Category

Representative Bacterial Load Values 
(CFU/mL)

Primary Associated 
Symptoms Clinical Interpretation

High Bacterial 
Load(≥ 10⁵ – 

10⁷)

1.0 × 10⁶, 1.3 × 10⁵, 1.4 × 10⁶, 1.5 × 
10⁶, 1.6 × 10⁵, 1.7 × 10⁵, 1.8 × 10⁶, 1.9 
× 10⁵, 2.0 × 10⁵, 2.1 × 10⁵, 2.5 × 10⁵, 
2.5 × 10⁷, 2.6 × 10⁶, 2.8 × 10⁵, 2.9 × 

10⁶, 3.0 × 10⁶, 3.1 × 10⁵, 3.8 × 10⁶, 4.2 
× 10⁵, 4.5 × 10⁵, 5.6 × 10⁶, 5.6 × 10⁷, 
5.8 × 10⁵, 5.9 × 10⁵, 6.7 × 10⁵, 7.3 × 

10⁵, 9.1 × 10⁵

Cough, fever, 
weight loss (often 

combined)

Represents severe disease with 
extensive lung involvement and 
intense inflammatory response; 

multi-symptom presentations were 
most frequent in this group.

Medium 
Bacterial 

Load(10³ – 10⁵)

1.1 × 10³, 1.1 × 10⁴, 1.2 × 10³, 1.4 × 
10³, 1.6 × 10⁴, 1.9 × 10³, 1.9 × 10⁴, 2.3 
× 10⁴, 2.5 × 10³, 2.8 × 10⁴, 3.2 × 10³, 
3.2 × 10⁴, 4.7 × 10³, 4.8 × 10⁴, 6.4 × 

10³, 7.5 × 10³, 8.0 × 10³, 8.7 × 10⁴, 9.3 
× 10⁴, 9.6 × 10⁴

Fever, fatigue, 
cough + fever; 

rarely weight loss

Corresponded to moderate disease 
activity; symptoms less complex, 

reflecting partial lung involvement 
and moderate immune activation.

Low Bacterial 
Load(< 10³)

1.3 × 10², 1.5 × 10², 1.7 × 10², 2.1 × 
10², 2.9 × 10², 3.3 × 10², 3.5 × 10², 3.6 
× 10², 5.8 × 10², 7.5 × 10², 9.7 × 10², 

8.9 × 10¹

Fever, fatigue, 
occasional mild 

cough

Indicated early or paucibacillary 
TB; mild, nonspecific symptoms 
consistent with limited bacterial 
replication and minimal tissue 

damage.

Table 2.Distribution of radiological findings among PTB patients

Sr. No. Radiological finding Number of patient Total χ² 
value

Degrees of 
freedom (df) p-value

1 Reticulonodular opacities 46 (41.1%)

97.11 6 < 0.0001

2 Cavity 27 (24.1%)
3 Patchy infiltration 19 (17.0%)
4 Consolidation 9 (8.0%)
5 Nodules 7 (6.3%)
6 Miliary change 3 (2.7%)
7 Fibrosis 1 (0.9%)

Figure 4.Distribution of positive cases by co-infection type.
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Figure 5.The ROC curve illustrates a test’s performance, with the Y-axis indicating true positive detection 
and the X-axis representing false positive rates. The closer the curve moves toward the top-left corner, the 

stronger the test’s accuracy becomes. The ideal point in this region reflects near-perfect identification of true 
cases with minimal false alarms

Discussion
This study evaluated the demographic and clinical–
radiological profile of patients in this cohort according to 
the molecular diagnosis of PTB. Knowledge of the trends 
has implications for the recognition of high-risk groups 
and enables targeted diagnostic approaches. Combining 
clinical, radiological, and molecular data offers an overall 
approach to both optimizing TB detection and management.

Agriculture was the most prevalent occupation in our study, 
followed by housewives and non-agricultural laborers. A 
zoonotic pathogen recently causing great concern as a 
public health threat was Mycobacterium tuberculosis, 
also previously reported in 17 studies. 20 Mycobacterium 
tuberculosis infection poses a substantial risk in some 
occupational categories who have close contact with 
domestic/wild animals, including farmers of livestock, 
slaughterhouse workers, animal rearers, veterinary 
personnel, and butchers. 21 A High Burden of Tuberculosis 
among Dairy Farm Workers in Addis Ababa and the 
Surrounding Areas—A total of 256 subjects participated 
voluntarily, and from them there were 12 tuberculosis 
suspects and three tuberculosis cases. The TB prevalence 
found was 1.17%. A higher risk of specified symptom 
complex by participants who had consumed raw meat 
than those who consumed the cooked one (adjusted OR 
0.8, 95% CI: 1.08-13.29).22

Our finding also trends seen in TB distribution according 
to both age group and income level. The prevalence of TB 
was highest among males aged 51–60 years, who belonged 
to the very-high-income group, followed by males aged 
31–50 years in the high-income group and those aged 

21–30 years in the medium-income group. The remaining 
age groups, which predominantly belonged to the low-
income category, showed a comparatively lower burden 
of TB. Income data showed that high-income cases were 
more common in 51 to 60 age groups, but this may reflect 
confounding factors such as stronger addictive habits 
and reduced immunity rather than true socioeconomic 
influence. Likewise, women concentrated in the 21–
40 years of age and high income levels. Contrastingly, 
according to our data, the high-income stratum (PKR 
25,001 - 40,000) has a nearly twofold risk for TB of those 
who make over PKR 40,000. This fits with the overall trend 
of increased exposure to middle-income and working-age 
participants—probably in part due to workplace contact, 
mobility, and shared social environments. Therefore, both 
datasets confirm the link between working age, moderate 
income, and risk of developing TB disease, emphasizing 
socioeconomic and exposure-related factors influencing 
the degree of risk for disease.23-26

In this investigation, heavy smokers (19.6%) and frequent 
harmful drinkers (14.3%) were the more prevalent habits, 
and light-drinkers and abstainers were rare. The chewing 
of tobacco and simultaneous smoking-alcohol use were 
also observed but were less common. Altogether, 
our findings suggest that high-risk lifestyle habits are 
common in our study sample. Previous studies have 
consistently demonstrated that smoking substantially 
elevates the risk of TB by affecting the host defence through 
impairment of mucociliary transport, stimulation of airway 
inflammation and pulmonary oxidation or damage, which 
subsequently may result in cavitation and recurrent TB.27,28 
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The susceptibility is also enhanced by alcohol consumption 
and immune modulation.

In the current research, significantly higher bacterial counts 
(1.0 × 10⁶ to 5.6 × 10⁷ CFU/mL) were found with severe 
multicomponent TB than those with cough, fever and 
weight loss. Moderate bacterial loads were associated 
with moderate disease (fever, fatigue and cough), but 
little weight loss. Low bacterial loads were associated 
with mild, nonspecific symptoms consistent with early 
or contained MTB infection. A previous study evaluated 
the relations between sputum microbial composition 
and TB manifestation, including mycobacterial load, CXR 
zoometries, an age of symptom onset and disease severity 
assessed by a TB disease score. Their interpretations showed 
the extent to which microbial profiles mirror disease load 
and stage, offering a conceptual model for TB severity.29, 30

Within this analysis, reticulonodular opacities were the 
most common CXR abnormality, followed by cavitary 
lesions, patchy infiltration, consolidation nodules, and 
miliary disease. In concordance with another study, the 
most frequent CXR finding was reticulonodular opacities, 
which were found in all patients with PTB.31 Four of these 
males were smokers; they all presented cavitary lesions. 
This helps to demonstrate that smoking plays a significant 
role in cavitary lung diseases, especially with malignancy.32

In this work, the majority of the cases were plain (non-
co-infected), followed by fungal co-infections (Aspergillus 
niger  followed by  Aspergillus fumigatus, Aspergillus 
flavus, and Aspergillus terreus) of life threatening invasive 
infections, compared to smaller numbers of DM and HIV/
AIDS. Jeffrey D. Jenks and Ellis H. Tobin (2026)³³ published 
a study that, although hundreds of species exist, fewer 
than 40 cause human disease, most commonly Aspergillus 
fumigatus, followed by Aspergillus terreus, Aspergillus 
flavus, and Aspergillus niger. Jigan et al. (2026)³⁴ studied 
that  Aspergillus  was the next most common genus 
identified, with a total of 24 isolates (18.8% of fungal 
cases). Among these, Aspergillus niger was found in 10 
cases, A. fumigatus in 9, and A. flavus in 5 cases. In one 
additional case, Aspergillus niger was co-isolated alongside 
a Fusarium species from the same patient’s sputum sample. 
The presence of Aspergillus, especially A. fumigatus and A. 
niger, was often correlated with patients who had pre-
existing lung cavities on imaging, as Aspergillus can colonize 
healed TB cavities.

In line with previous observations, individuals in our cohort 
who co-infected with fungi suffered from delayed sputum 
conversion and eal.).ibited more treatment failure and 
mortality, indicating the substantial influence of fungal 
coinfections on TB outcomes. These findings emphasize 
the importance of regular screening and treatment for 
mycotic infections in TB patients to enhance prognosis.35 

Diab2.0–2.3 fors (DM) is also a major risk factoDM,for 
TB because it negatively affects host immune responses, 
decreases IFN-γ production and impairs macomorbiditiesen 
presentation; there are decreased IL-8 and IL-22 leading 
to defective phagocytosis and reduced clearance of TB by 
the host (Feng et al). Meta-analyses from 2007, 2017 and 
2021 stated pooled risk estimates for TB among diabetic 
patients between 2.0 and 3.11 with high heterogeneity 
between trials. Individual cohort and case–control studies 
have demonstrated adjusted hazard ratios of approximately 
2.0–2.3, for active TB in adults with type 2 DM attesting 
to the collaborative predisposing effects of lifestyle 
influences together with metabolic co morbidities on TB 
susceptibility. These results are consistent with our study, 
highlighting the combined effect of smoking, alcohol, and 
DM in TB risk.36-37

We reported in our study that TrueNat tests showed 
very high sensitivity and perfect specificity compared 
with CXR, the sensitivity and specificity of which were 
relatively low. TrueNat classifiers obtained the best overall 
accuracy, which establishes it as the most reliable of the 
TB diagnosis methods. The World Health Organisation 
(WHO) recommends that the chest radiograph (CXR) is 
a valuable diagnostic tool in TB diagnosis, especially in 
low-income settings. It has high sensitivity in the diagnosis 
of pulmonary TB, whereas the specificity is low.38,39 This 
method has a sensitivity of between 87% and 98%, 
according to the World Health Organization (WHO), and 
is invaluable in PTB screening. CXR may detect cavitary 
lesions, consolidation, mass-like opacities, pleural effusion 
and calcifications or nodular changes in the lung.40,42 In their 
work, they found that DenseNet201 obtained a penetration 
rate of 98.6% with lung images and 96.47% with whole 
X-rays. Performance of Truenat® MTB, a chip-based nucleic 
acid amplification test for the diagnosis of PTB. It has 
a detection limit of 100 CFU/mL, moderate sensitivity 
(73.3%) and high specificity (97.9%), and results within 
less than one hour.43,44

This study was limited to a single-centre population and 
conducted only in a tribal area, with no representation 
from slum or metropolitan populations where TB patterns 
differ. In this region, most participants were engaged in 
agriculture, while non-agricultural work was limited to 
small-scale office jobs, potentially underestimating TB 
risk in urban occupations. Additionally, the cross-sectional 
design and variability in sputum quality and radiological 
interpretation may have affected diagnostic accuracy.

Conclusion
Most of the pulmonary TB cases were represented by 
agricultural workers, followed by housewives, and the 
TB prevalence was higher among working-aged males 
and females in 21–40 years, which may be attributed 
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to social-economic issues and occupation-related issues. 
Both heavy smoking and drinking were significantly 
associated with TB risk as harmful behavioral factors. 
The clinical phenotypic expression was tightly linked to 
mycobacterial load, with high loads being associated with 
multi-symptomatic acute disease and low bacterial burdens 
leading to mild non-specific symptoms. The most common 
radiological abnormality was reticulonodular opacities, 
followed by cavitary lesions, suggesting diverse pulmonary 
involvement. Fungal co-infections were frequent with 
TB and rare with HIV/AIDS, emphasizing co-morbidities as 
critical indicators of disease complexity. The TrueNat showed 
better diagnostic value as compared with CXR, indicating 
the benefit of molecular tools to diagnose TB. Which may 
benefit the conventional tuberculosis elimination program 
as a gold diagnostic tool for rapid and undelayed diagnosis 
of PTB in order to ensure prompt and complete treatment 
of the cases.
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