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Abstract
Background: To examine the prevalence of tuberculosis (TB) 
in healthcare workers (HCWs) with positive chest X-ray (CXR) 
and computed tomography (CT) findings and to ascertain the 
function of imaging in the diagnosis of TB.
Aims & Objectives: This study’s objectives included determining 
the prevalence of TB based on CXR and CT findings in healthcare 
professionals with positive IGRA results as well as the function of 
imaging in the diagnosis and management of pulmonary TB.
Materials and Methods: Retrospective investigations were 
conducted on IGRA positive people among 1976 hospital staff 
who had been TB-screened using the test. CXR was positive for 
clustered nodular and/or linear streaky opacities in the upper 
lung zone. The CT results were categorised. as being active, un-
certain, inactive, or typical. The class was regarded as CT-posi-
tive if it was active or undetermined.
Results: In 195 patients, the IGRA was positive. 190 participants 
(98.95%) and 90 subjects (46.87%) had CXR and CT, respec-
tively. There were 6 of 190 and 14 of 90 patients with CXR- and 
CT-positive findings, respectively. 9 and 5 of the 14 CT-positive 
individuals had active and indeterminate TB results, respective-
ly. All 14 CT-positive participants had negative microbiological 
reactions for TB. Nine CT-positive people were given empirical 
anti-TB drugs, and 5 of these 14 subjects tested negative for 
pulmonary TB on the CXR.
Conclusion: CT helped diagnose asymptomatic TB in IG-
RA-positive HCWs. 
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INTRODUCTION
Latent tuberculosis infection (LTBI) is a persistent 

immunological condition in which a modest number 
of Mycobacterium tuberculosis bacilli are present but 
there is no sign of clinically manifested active TB (1). 
10% of LTBI patients who are not treated go on to ac-
quire TB illness (2). Treatment recommendations for 
latent TB have been tightened to prevent the spread 
of active TB in people with LTBI due to an increase in 
patients with weakened immune systems brought on 
by ageing and medical development (3). As a result of 
the fact that healthcare professionals are more likely 
to contract TB than the general population, effective 
occupational protective measures such as TB blood 
tests have been advocated (2, 4 Chest X-ray (CXR) or 
chest CT can disclose the presence of image findings 
of active or inactive TB in patients with TB infection 
and lead to proper treatment for medical staff, despite 
the fact that there are no clear consensus guidelines 
about the use of imaging modalities in this scenario 
(4). Due to its better sensitivity to CXR and recent 
advancements in CT technology, chest CT is now fre-
quently utilised to diagnose pulmonary tuberculosis 
(5). To our knowledge, no research has been done on 
the use of chest CT in medical staff who have been 
diagnosed with latent or active TB and have positive 
interferon-gamma release assay (IGRA) results.

MATERIALS AND METHODS
Our Institutional Review Board approved this ret-

rospective observational study, and requirement for 
informed consent was waived (IRB No. 20-2018-3).

STUDY SUBJECTS
Retrospective inclusion of IGRA-positive partici-

pants was made for the 1976 hospital employees who 
underwent TB infection screenings with IGRAs be-
tween January 2015 and December 2017 were includ-
ed. The review of electronic medical records looked 
into clinical data such as age, sex, and TB history. For 
individuals with an IGRA result of positive, subse-
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quent radiologic examinations, microbiological tests 
such as acid-fast bacilli (AFB) stain, sputum culture, 
and TB polymerase chain reaction (PCR), as well as 
the usage of anti-TB drugs, were recorded.

CHEST CT IMAGE ACQUISITION
A 128-channel CT scanner (Ingenuity, Philips 

Medical Systems, Best, the Netherlands) or a 64-chan-
nel MDCT were used to perform CT scans (Brilliance; 
Philips Medical Systems, Cleveland, OH, USA). Iopa-
midol (Iopamiro 300; Bracco, Milan, Italy) was inject-
ed intravenously at a rate of 2.5 mL/s for contrast-en-
hanced chest CT scans. With a detector collimation of 
64 0.625 mm, a section collimation of 64 0.625 mm, a 
gantry rotation period of 0.5 seconds, a pitch of 1.0 or 
0.515, and 120 kv, data acquisition was carried out in 
the cranio-caudal direction (peak). For typical chest 
CT scans, the effective milliampere-second (mAs) 
varied from 150 to 200 when employing an automat-
ic tube current modulation approach. Reference tube 
current for the low dose CT technique was either 25 
mAs or 50 mA. Using a precise reconstructing tech-
nique, the CT raw data was reconstructed with a slice 
thickness of 2.5 mm and an increment of 2.5 mm. A 
picture archiving and communication system (PACS) 
was used to store and send the resulting images for im-
age analysis.

ESTIMATION OF RADIATION DOSE
The numbers for each CT scan’s dose length prod-

uct (DLP) were recorded as they appeared on the CT 
exam information. The effective dose was determined 
from DLP values and a conversion coefficient of 0.017.

CLASSIFICATION OF RADIOLOGIC 
ACTIVITY OF TB

Positive for TB was defined as consolidation, cav-
itary nodules, clustered nodular and/or linear streaky 
opacities in upper lung areas on CXR, including active 
and indeterminate activity. Calcified nodules and fi-
brodular scarring were regarded as TB inactive lesions 
(6). According to the consensus readings of two tho-
racic radiologists, CT findings were divided into four 
groups to assess the image-based activity of TB: active, 
indeterminate, inactive, and normal. Numerous clus-
tered centrilobular nodules or cavitary consolidation 
were considered signs of active TB, while minor re-
ticulation or fibroatelectasis was considered a sign of 
inactive TB (7, 8). Active and undecided behaviours 

were categorised as positive in CXR and CT, while in-
active and normal observations were categorised as 
negative.

RESULTS
195 individuals had TB infection that tested positive 

by the IGRA test. Table 1 provided demographic details 
for the study’s participants and radiologic examinations 
participants. 44 years old on average (range; 21–64). 
251 participants had radiologic exams done on them. 
In 190 cases (98.95%), a CXR and a CT scan were both 
done, and in 90 subjects, respectively. Without CXR, 
CT was performed on two individuals. 59.62% indi-
viduals underwent LDCT scans. In 2 cases (0.4%), a 
chest CT with contrast enhancement was done. 209.2 
3±181.37 mGycm was the total dose-length product 
(DLP) (range: 74.8– 747.4). Effective dosage as a result 
was 4.79± 4.29 mSv (range: 1.96–16.78).

Table 1
Demographic Description of Study Subjects with Positive Inter-
feron-Gamma Release Assay Results

Variables Chest Radi-
ograph Only 

(n = 102)

Chest CT 
(n = 90) 

Total 
(n = 192)

Female 73 ( 71.56%) 52 (57.77%) 125 (65.10%)
Male 29 (28.43%) 38 (42.22%) 67 (34.89%)
Age, years 41.2 ± 9.7 

(22–64) 
44.6 ± 10.4 

(21–64) 
43.5 ± 10.7 

(21–64)
History of tuber-
culosis 

6 (5.88%) 4 (4.44%) 10 (5.20%)

Table 2
Demonstrates the image findings of TB on CXRs or CT scans in 
subjects with positive IGRA results. CT-positive subjects for TB 
were 9 of 113 (8.0%), 6 of them showed active TB

TB Findings on Chest CT
Active Indeter-

minate
Inac-
tive

Nor-
mal

N/A Total

Positive 4 1 1 1 1 8
Inactive 1 1 5 0 7 14
Normal 4 2 8 71 8 167
N/A 0 1 1 1 0 3
Total 9 5 15 73 16 192(100%)

TB findings on chest radiographs

(5.3%), while 2 of them had TB with unknown ac-
tivity (2.4%). Clustered micronodules or centrilobular 
nodules were found on CT in 4 people with active TB, 
and a noncalcified nodule of 1-3 cm was found in 2 
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subjects. In 2 subjects, there were clustered ill-defined 
nodules with mild or ambiguous fibrotic alterations, 
and in 1 subject, there was apical pleural thickening 
with subpleural nodules. All 15 participants had CT 
findings consistent with dormant TB, including a va-
riety of calcified nodules and fibrotic alterations. Ex-
amples of CT findings based on TB activity.

All nine CT-positive participants who underwent 
microbiological testing, such as AFB stain, culture, 
and PCR for TB, came back negative. All nine partic-
ipants with CT-positive TB findings received empir-
ical anti-TB therapy, and three of these nine subjects 
had negative CXR results for TB. Following therapy, 
three of the nine participants underwent a follow-up 
CT scan, and the suspicious lesions shrank in size or 
extent.

39 of the 195 IGRA-positive participants (14.1%) 
underwent LTBI prevention therapy. In the CT-neg-
ative group, there were 31.6% people who received 
LTBI treatment, while there were 16.5% (40/242) 
in the CXR-negative group. One participant in the 
CXR-negative group developed active TB after one 
year without having their CT evaluated.

DISCUSSION
In this retrospective observational analysis, we dis-

covered that 9 of 90 (8.0%) patients who underwent 
CT scans received empirical TB treatment as a result 
of probable CT findings of TB in healthcare workers 
who tested positive for IGRA (HCWs). Our findings 
indicate that asymptomatic TB can be image-diag-
nosed and empirically treated in a clinical context. 
These findings also point to the potential use of imag-
ing in IGRA-positive HCWs. Considering that empir-
ical TB treatment was not performed in the group that 
performed only CXR without CT, it may be assumed 
that the diagnostic role in CT was stronger than that 
of CXR. Chest CT scans were only utilised to forecast 
the development of TB in a specific patient group 
due to the radiation dose, cost, and availability. In the 
post-transplant TB group, the prevalence of TB was 
42.0%, compared to 16.8% in the control group in liver 
transplant candidates (p=0.018). Additionally, 6(52%) 
of the 10 patients who had chest CTs performed prior 
to liver transplant and later acquired TB had aberrant 
abnormalities only on chest CT scans, even if their 
CXR values were normal (9,10). In a similar fashion, 
sensitivity of CXRs in our study was only 71.56% and 
5 of 14 CT-positive cases were negative in CXR re-

sults. It means that CXRs have limitations to disclose 
TB finding for TB progression in a high-risk group. 
Patients with inflammatory bowel disease (IBD) from 
areas with a high prevalence of TB were another pop-
ulation for TB screening utilising IGRA and chest CT. 
Chest CT has been used to detect TB signs, which have 
been reported as occurring in 22.8% of IBD patients 
because immuno suppressants used to treat IBD in-
crease the risk of TB development (10). Our findings 
are in line with other research demonstrating that 
chest CT had superior diagnostic performance over 
CXRs for the detection of TB foci (9,11,12).

The prevalence of LTBI among HCWs in Korea 
was reported to range from 13.6% to 8.8% in earlier 
research (13–15), which was comparable to our find-
ings (12.9%). Recent investigations of TB screening in 
hospital staff members using chest CT revealed that 
the frequency of active TB on CT was 0.5% to 1.2% 
(5), which contrasts with the incidence of active TB in 
our study (5.3%). It’s because only participants in our 
study who had IGRA results that were positive under-
went screening CT. The prevalence of CT-positive TB 
in this investigation (n = 9, 8.0%), including active and 
indeterminate activity, was comparable to the finding 
of another study, which found 10.0% active TB on CT 
in screening combining IGRA and CT scans (16). Sev-
eral research have been done on mandated TB test-
ing and suggested treatment from HCWs in medical 
facilities (13, 17, 18). However, new WHO guidelines 
state that there are conditional recommendations 
with low to very low certainty in the estimates of ef-
fect for routine TB infection testing and treatment for 
HCWs from nations with a high TB burden (19). Only 
16.1% of the study participants who had TB infection 
got LTBI therapy, and the percentage of participants 
who did so varied between the CT- and CXR-negative 
groups (30.7% vs. 16.5%). These findings demonstrate 
that LTBI therapies are discretionary and dependent 
on the patient’s cooperation and the clinician’s judge-
ment. Because the participants endure the possible 
complication of TB medications such hepatotoxicity, 
thrombocytopenia, anaphylactic shock, it is vital to se-
lect those who will benefit from TB treatment.

For subjects with TB infection, CTs have been 
utilised as secondary exams to assess TB activity. It 
implies that the presence of active TB on a CT scan 
can help clinicians assess the TB infection’s activity by 
showing that TB infection subjects are using anti-TB 
medications. Studies on the combined use of CT re-
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sults and microbiologic tests for TB have received a lot 
of attention (20, 21). In patients with a TB PCR nega-
tive bronchial aspirate, it is known that the combina-
tion of CT findings of consolidation and QuantiFER-
ON-TB Gold In-Tube test results ensures doctors to 
improve decision-making (22). In our study, TB PCR 
testing employing bronchial aspiration specimens 
came out negative for all participants with positive 
IGRA results. Regardless of the negative microbiolog-
ical results, anti-TB drugs were administered to all 14 
participants (100%) with positive TB indications on 
CT. This retrospective finding demonstrates the cli-
nician’s preference for radiologic evaluation when se-
lecting anti-TB drugs for HCWs with positive IGRA 
results. One person who got CXR without a CT scan 
developed active TB without receiving preventative 
care. Our retrospective analysis reveals the potential 
role of CT in preventative treatment for TB activation, 
even though more prospective research is required to 
demonstrate the predictive utility of CT in people with 
TB infection. Additionally, the CXR values for 5 of the 
14 individuals with positive CT results were normal. 
Therefore, it is probable that the active TB disease 
was undetected in the CXR-only subject group. The 
study’s limitations were numerous. First, the results of 
this study should be carefully interpreted because we 
only retrospectively included a small number of pa-
tients with a selection from the same ethnic origin and 
geographic area. Second, IGRA-negative subjects were 
excluded from the analysis. The incidence of TB was 
elevated in this study due to the selective use of CT 
in IGRA-positive participants exclusively. Third, using 
consensus measurements, the radiologic activity of TB 
was assessed. The classification of TB findings by re-
viewers’ differences was not quantified.

CONCLUSION
In conclusion, the use of CT in IGRA-positive pa-

tients aided in the identification of HCWs with asymp-
tomatic TB. The predictive efficacy of CT screening for 
active TB in HCWs has to be further investigated. TB 
PCR testing using bronchial aspiration samples was 
negative. Regardless of the negative microbiological re-
sults, anti-TB drugs were administered to all 9 partici-
pants (100%) with positive TB indications on CT. This 
retrospective finding demonstrates the clinician’s pref-
erence for radiologic evaluation when selecting anti-TB 
drugs for HCWs with positive IGRA results. In one 
person who underwent CXR without a CT scan, active 

TB development was seen without preventive therapy. 
Our retrospective analysis suggests that CT may play a 
preventive role in the treatment of TB activation, even 
if more prospective research is required to demonstrate 
its prognostic efficacy in people with TB infection. Fur-
thermore, 5 of the 14 individuals (31.6%) with positive 
CT results had normal CXR values. Therefore, it’s pos-
sible that the CXR-only subject group did not identi-
fy the active TB disease. The study’s limitations were 
numerous. The results of this study should be careful-
ly interpreted since, first, we retrospectively included 
only a small number of patients with a selection with 
the same ethnic origin and geographic region. Second, 
patients with negative IGRA results were not included 
in the analysisThe incidence of TB was elevated in this 
study due to the selective use of CT in IGRA-positive 
participants exclusively. Third, using consensus mea-
surements, the radiologic activity of TB was assessed. 
The classification of TB findings by reviewers’ differ-
ences was not quantified. In conclusion, the use of CT 
in IGRA-positive patients aided in the identification of 
HCWs with asymptomatic TB. The predictive efficacy 
of CT screening for active TB in HCWs has to be fur-
ther investigated.
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