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ABSTRACT

Background: Diagnosing active pulmonary tuberculosis (PTB) remains difficult,
particularly when sputum tests are inconclusive or delayed. This study
examined how accurately computed tomography (CT) detects active PTB
compared to sputum culture, the current reference standard. Methods: We
enrolled 151 patients with suspected PTB who underwent both chest CT and
sputum culture. Radiologists assessed CT scans for features suggestive of active
disease. We compared CT findings to culture results and calculated sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and
overall diagnostic accuracy. Results: CT identified active PTB in 96 patients,
while sputum culture confirmed disease in 92. CT correctly classified 86 true
positives and 49 true negatives. The test achieved a sensitivity of 89.5%,
specificity of 89.0%, PPV of 93.4%, NPV of 83.0%, and overall accuracy of 89.4%.
Conclusion: CT identified active pulmonary tuberculosis with high accuracy and
performed well in both smear-positive and smear-negative cases. It serves as a
reliable adjunct when bacteriological confirmation is unavailable or delayed, and

may improve early diagnosis in high-burden settings.
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INTRODUCTION

Tuberculosis is one of the most infectious airborne
diseases of the developing world. Unlike many other
diseases, this disease has the capability to evolve into a
multisystem disorder, something that is labelled as
extrapulmonary tuberculosis.! This can affect the bowel,
the bones, particularly the spine and can disseminate into
the blood, crossing the blood-brain barrier and forming
lesions inside the cerebral parenchyma, commonly known
as Tuberculomas. The lungs have been noted to be the
most common portal of entry for Mycobacterium
Tuberculosis, the culprit bug behind this notorious
infectious disease. In immunocompetent hosts, the lungs
tend to be the main reservoir of infection.?2 The
adaptability and resilience of the pathogen can be
established from the fact that tuberculosis has been
regarded as the second most common cause of death from
a single infectious pathogen in 2020, 3 and the ninth most
common cause of death among all diseases according to a
2017 report on global tuberculosis. 4

Multiple imaging modalities are available for the screening
and detection of pulmonary tuberculosis. The most
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common imaging modality that is used in basic health
facilities is plain radiograph of the chest. While fairly
common, the radiographs can just demonstrate the
granulomas and hilar lymphadenopathy, thereby raising
the suspicion of pulmonary involvement.> Other
modalities that are wused include the computed
tomography of the chest. While the CT makes use of the
same X-Rays as a plain radiograph, it is able to
demonstrate the pulmonary manifestations in a greater
comparative detail compared to its older and less evolved
counterpart. ®

Early detection of pulmonary tuberculosis in its active
phase is crucial as it determines the outcome of the patient.
With PTB already prevalent in Pakistan, there is a greater
need for diagnostic imaging setups for early diagnosis. A
local study published in Pakistan in 2020 found out the
sensitivity and specificity of CT to be 88.57% and 84.62%
respectively. 7 Higher sensitivity of CT can prove to be of
absolute value in the arsenal of diagnostic tools for PTB.
Our study, or the likes thereof, have not been done
previously in our institution, which caters to a wide range
of patients from poor socioeconomic background. So, our
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study can pave the way towards further similar follow-up
studies and establishment of diagnostic CT imaging setups
in rural areas where pulmonary tuberculosis is
comparatively more prevalent. Furthermore, due to early
detection, patients will have a better chance of receiving
early treatment before progression or dissemination of the
pulmonary disease.

MATERIALS AND METHODS

This cross-sectional study was conducted at the Computed
Tomography Unit, Department of Radiology, Liaquat
University of  Medical and Health Sciences,
Jamshoro/Hyderabad. The study spanned a period of six
months following the approval of the research synopsis.
The sample size was determined using Dr. Lin Naing’s
sample size calculator, considering a sensitivity of 88.57%
and specificity of 84.62% for CT in detecting pulmonary
tuberculosis, with a disease prevalence of 46.38%, a
confidence level of 95%, and a margin of error of 8%. This
yielded a required sample size of 151 participants.8
Patients were selected through non-probability
consecutive sampling.

Eligible participants included individuals aged between 20
and 75 years, of either gender, who were referred for CT
chest evaluation with clinical suspicion of pulmonary
tuberculosis based on specific criteria: a productive cough
lasting three months, progressive weight loss over the
same duration, and persistent low-grade fever ranging
from 37°C to 39°C. Patients already diagnosed with
pulmonary tuberculosis and currently undergoing
treatment—either pharmacological or surgical (e.g,
pulmonary lobectomy)—were excluded from the study.
Following approval from the College of Physicians and
Surgeons Pakistan, patients meeting the inclusion criteria
were enrolled. Informed consent was obtained after
clearly explaining the purpose, procedures, and potential
risks and benefits of the study. Demographic details such
as age, gender, and socioeconomic status—based on
household conditions—were recorded on a structured
data collection form. Data were collected from patients
presenting to the outpatient department of Radiology who
had submitted sputum samples for culture and were
referred for CT chest scans for further evaluation.

All CT scans were performed using a 128-slice CT scanner,
with images acquired in axial, sagittal, and coronal planes.
These scans were interpreted on a PACS workstation by a
consultant radiologist with over three years of experience
in CT reporting. CT findings consistent with pulmonary
tuberculosis—such as tuberculomas, cavitary lesions, and
mediastinal  lymphadenopathy—were  documented.
Patients were followed up for their sputum culture results,
which served as the gold standard for confirming or ruling
out the diagnosis of tuberculosis. A comparative analysis
between CT findings and sputum culture outcomes was
then carried out.

Statistical analysis was performed using SPSS version 17.
Qualitative variables such as the presence of fever, cough,
weight loss, and CT and sputum culture results were
reported as frequencies and percentages. Quantitative
variables like age and duration of symptoms were
evaluated for normality using the Shapiro-Wilk test.
Normally distributed variables were presented as mean *
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standard deviation, while non-normally distributed data
were reported as median with interquartile ranges. The
diagnostic performance of CT was assessed by calculating
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV), using 2x2 contingency
tables with sputum culture as the gold standard.
Stratification was carried out to assess the impact of
confounding factors such as age, gender, fever, weight loss,
and clinical duration. Post-stratification analysis included
recalculation of sensitivity, specificity, PPV, NPV, and
overall diagnostic accuracy.

RESULTS

This study included 151 patients with clinical suspicion of
pulmonary tuberculosis. Most patients (58.3%) were
between 20 and 50 years of age, indicating that the disease
primarily affected individuals in their most economically
productive years. The remaining 41.7% were aged
between 51 and 75 years. The gender distribution was
nearly equal, with males accounting for 51.7% of the
cohort and females for 48.3%. (Table 1)

A majority of patients (64.2%) reported symptom
duration of four weeks or less at the time of presentation.
This suggests that most individuals sought evaluation
relatively early in the course of illness. Among respiratory
symptoms, only 47% of patients reported a productive
cough, while 53% denied it. Despite the common clinical
association between tuberculosis and sputum production,
over half of the patients presented without this symptom.
In contrast, low-grade fever was reported by 72.2% of
patients, making it the most frequently observed
symptom. Weight loss, often considered a classic sign of
tuberculosis, was reported by only 39.7% of patients,
while 60.3% did not report any weight loss.

Computed tomography identified radiological features
consistent with active pulmonary tuberculosis in 96
patients (63.6%). Sputum culture confirmed tuberculosis
in 92 patients (60.9%) and yielded negative results in the
remaining 59 (39.1%). When CT findings were compared
to culture results, 86 patients were true positives (both CT
and culture positive), while 6 were false positives (CT
positive, culture negative). Ten patients with culture-
confirmed TB had negative CT findings (false negatives),
and 49 patients were true negatives (both CT and culture
negative). (Table 2)

Computed tomography demonstrated high diagnostic
performance. It achieved a sensitivity of 89.5%, correctly
identifying nearly nine out of ten culture-positive cases.
The specificity was similarly high at 89.0%, reflecting a low
rate of false positives. The positive predictive value
reached 93.4%, suggesting that CT findings strongly
correlated with true infection. The negative predictive
value was 83.0%, indicating that while CT was reasonably
reliable in excluding disease, a small number of cases were
missed. Overall, CT achieved a diagnostic accuracy of
89.4% when compared to sputum culture.

These findings show that CT reliably detected active
pulmonary tuberculosis, even in cases where clinical
presentation was atypical or sputum samples were not
diagnostic. The data support the role of CT as a valuable
diagnostic tool, particularly in settings where rapid
microbiological confirmation may not be feasible.
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TABLE 1
Characteristics of Patients

Demography Number Percentage
A 20-50 years 88 58.3%
ge 51-75 years 63 41.7%
Gend Male 78 51.7%
ender Female 73 48.3%
Duration of Symptoms < 4 weeks 97 64.2%
ymp > 4 weeks 54 35.8%
. Yes 71 47%
Productive Cough No 80 530
. Yes 60 39.7%
Loss of Body Weight No 91 60.3%
Yes 109 72.2%
Low Grade Fever No 42 27.8%
Pulmonary Positive 96 63.6%
Tuberculosis on CT Negative 55 36.4%
Pulmonary tuberculosis Positive 92 60.9%
on sputum culture Negative 59 39.1%

Table 2
Results of Computed Tomography in Active Pulmonary

Tuberculosis Taking Sputum Culture as Gold Standard
Pulmonary Tuberculosis on

Variable Sputum Culture Total
Positive Negative
Pulmonary Positive 86(tp) 06(fp) 92
Tuberculosis on CT Negative 10(fn) 49(tn) 59
Total 96 55 151
Table 3

Sensitivity, Specificity, Positive and Negative Predictive
Values and Diagnostic Accuracy of Computed Tomography
in Active Pulmonary Tuberculosis Taking Sputum Culture as
Gold Standard
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Computed tomography in
active pulmonary
tuberculosis

89.5% 89.0% 934% 83.0% 89.4%

DISCUSSION

In this study, computed tomography (CT) demonstrated
high diagnostic accuracy in identifying active pulmonary
tuberculosis (PTB). It had a sensitivity of 89.5%, specificity
0f 89.0%, and an overall accuracy of 89.4%. These findings
suggest that CT can serve as a valuable adjunct in TB
diagnosis. This is particularly so in settings where
microbiological confirmation is delayed, unavailable, or
inconclusive.

We observed strong agreement between CT and sputum
culture results, with 86 true positives and only 6 false
positives. This is consistent with findings from Yeh et al,,
who reported that high-resolution CT effectively detects
key radiological features of active TB.? For instance, upper
lobe consolidation, cavities, and nodular clusters, were
detected with high sensitivity and specificity. ¢ Similarly,
Heo et al. highlighted the importance of detecting cavitary
lesions, a hallmark of infectious TB, which CT identifies
with greater clarity than chest X-rays. 10

Interestingly, CT identified TB-consistent findings in
several culture-negative patients. These may represent

early disease or limitations in sputum collection or culture
sensitivity. Breuninger et al. encountered similar
diagnostic discrepancies in their validation study of
CAD4TB, where imaging identified disease in patients with
negative microbiological tests, particularly in resource-
limited settings. 11 Our findings also support the notion,
put forth by Poey et al.,, that CT can distinguish active from
inactive TB. 12 This was done through certain imaging
features, even when cultures are inconclusive. 12

The positive predictive value (PPV) of 93.4% indicates that
when CT suggests active TB, it is highly likely to be
accurate. This aligns with results from Sathekge et al., who
evaluated PET/CT in TB-endemic regions and found
similarly high PPVs when imaging findings correlated with
clinical suspicion. 13 However, these studies also
underscore a persistent challenge: false positives due to
infections or inflammatory diseases that mimic TB
radiologically. As a study has emphasized, in high-burden
settings, even advanced imaging can struggle to
distinguish TB from alternative pathologies like fungal
infections or malignancy. 14

Our negative predictive value (NPV) of 83.0% also holds
clinical relevance, as a normal CT scan reduces the
likelihood of active TB. Yeh et al. previously proposed a CT-
based scoring system that achieved comparable NPV
(96.8%). Thus offering a practical tool to guide triage
decisions, especially in emergency departments where
rapid isolation and treatment are essential. ° Researchers
have similarly showed that patients initially misdiagnosed
as having pneumonia later tested positive for TB. Thus
indicating the need for better early detection tools in acute
care settings. 1°

The demographic profile of our data set, primarily
individuals aged 20 to 50 years mirrors TB epidemiology
in many high-burden countries. It is in this population
where disease disproportionately affects working-age
adults. Researchers also observed this trend which found
similar age and symptom distributions among newly
diagnosed PTB patients. 16
Despite its strengths, CT
bacteriological confirmation. Conditions such as
sarcoidosis, bacterial pneumonia, or organizing
pneumonia may produce overlapping imaging features. As
Sathekge and others have argued, combining CT findings
with clinical risk factors and laboratory data offers the best
diagnostic yield. 13 Furthermore, while our findings
reinforce CT’s diagnostic value, the cost and access
barriers in low-resource settings must be acknowledged.
Breuninger et al. emphasized the need for practical
deployment strategies when integrating imaging tools into
TB programs, particularly in under-resourced healthcare
systems. 11

Lastly, this study supports ongoing efforts to refine
diagnostic pathways by combining radiological and
clinical data. Predictive models incorporating age,
symptom duration, and CT findings. For instance, as
explored by some studies which were conducted in TB-
endemic regions, this could improve diagnostic accuracy
and resource allocation. 1718

We recognise several potential sources of bias and
confounding that may have influenced our findings. 19
Since we conducted this study at a single tertiary centre,

cannot fully replace
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selection bias may have occurred, as patients who seek
care at such facilities often present with more advanced
disease. This could have led to an overestimation of CT’s
diagnostic performance. Additionally, we relied on sputum
culture as the reference standard, which, although widely
accepted, has known limitations. Culture-negative cases
with clear CT findings may represent true disease that the
gold standard failed to detect, introducing the risk of
misclassification. Observer bias may also have played a
role, as radiologists were not blinded to clinical
information. Without blinding, knowledge of the patient’s
symptoms could have influenced image interpretation. We
did not control for certain confounders such as HIV status,
history of prior TB, or underlying lung conditions, any of
which could have altered CT appearance or affected
culture results. From an epidemiological standpoint, the
study’s context—a high TB burden setting—increases the
positive predictive value of CT but also raises the
likelihood of false positives due to overlapping conditions
such as non-tuberculous mycobacterial infections. These
factors underscore the importance of interpreting CT
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