.

2 KJIM

Chest computed tomography scan as an initial
diagnostic method for tuberculosis infection
detected by mass screening

Dong-Hyun Joo', Hyun Woo Lee?, Seo-Young Yoon?, Tae Yun Park?® Eun Young Heo? Deog Kyeom Kim?
Hee Soon Chung?, and Jung-Kyu Lee”

ORIGINAL ARTICLE

Korean J Intern Med 2021;36:1410-1419
https://doi.org/10.3904/kjim.2020.282

*Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul National University Hospital, Seoul; *Division of
Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul Metropolitan Government Seoul National University Boramae
Medical Center, Seoul, Korea

Chest computed tomography scan as an initial diagnostic method for tuberculosis
infection detected by mass screening

Methods Rosut__

Retrospective cohort A——c: ive tuberculosis

/ i&@ % 222 CXR :; x g |
u u u u/ 320 chest CT °-: %ﬂ W

CXR CcT
524 patients with TB infection p=0.110
No significant difference

. Diagnostic process for detecting TB
Conclusion in CT group

Chest CT did not improve the detection rate of active v More bronchoscopy (6.6% vs. 1.4%])
TB compared to chest X-ray. v More hospital visit (4.3 vs 3.5)

Received: June 8, 2020 Correspondence to Jung-Kyu Lee, M.D.
Revised : September 13, 2020 Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine,
Accepted: September 18, 2020 Seoul Metropolitan Government Seoul National University Boramae Medical Center, 20

Boramae-ro 5-gil, Dongjak-gu, Seoul 07061, Korea
Tel: +82-2-870-2235, Fax: +82-2-831-0717, Email: jkigog@empas.com
https:/forcid.org/ooo0-0001-5060-7255

This paper was presented at the European Respiratory Society Conference 2019 (September
30, 2019), as a poster presentation of the interim findings.

Copyright © 2021 The Korean Association of Internal Medicine pISSN 1226-3303
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ elSSN 2005-6648
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited. http: /hwww.k jim.org


http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2020.282&domain=pdf&date_stamp=2021-11-01

Joo DH, et al. Chest CT for TB infection in mass screening

KJIM™

Background/Aims: We assessed the diagnostic yield of chest computed tomography (CT) as an initial diagnostic
method for patients with a tuberculosis (TB) infection detected by mass screening in a country with an intermedi-
ate TB burden.

Methods: A retrospective study was conducted on patients with TB infection detected by mass screening per-
formed between January 2015 and March 2018. The patients were classified according to whether they had a chest X-ray
(CXR) or CT scan as an initial diagnostic test to exclude active TB.

Results: Of 542 patients with TB infection detected by mass screening, 222 and 320 were initially examined by CXR
and CT, respectively; the two modalities showed no significant difference in rate of detection of patients with ac-
tive TB (0.9% and 2.5%, respectively; p = 0.110). However, chest CT was associated with further invasive tests using
bronchoscopy and respiratory specimens, and significantly increased the frequency of hospital visits.

Conclusions: Chest CT was not supported as an initial diagnostic method to rule out active TB in patients with a

TB infection detected by mass screening in a country with an intermediate TB burden.

Keywords: Latent tuberculosis; Mass screening; Mass chest X-ray; Multidetector computed tomography

INTRODUCTION

Pulmonary tuberculosis (TB) is a major infectious dis-
ease worldwide, with high morbidity and mortality [1].
One of the main strategies to prevent new TB infections
is to treat latent TB infection (L'TBI), to prevent the pro-
gression from TB infection to active disease [2]. In South
Korea, country with an intermediate TB burden of an
incidence rate of 7o TB patients per 100,000 people in
2018, TB contact investigations in facilities for treating
TB are being enhanced as part of'a wider project to con-
trol the disease; epidemiological studies are also being
conducted [1,3-5]. Considering the possibility of a ma-
jor outbreak of TB affecting vulnerable persons, mass
screening was conducted in medical institutions, post-
partum care centers, daycare centers, and social welfare
facilities since 2017 in South Korea [6].

When subjects are diagnosed with a TB infection by
an LTBI test, such as the tuberculin skin test (TST) or
interferon gamma release assay (IGRA), it is important
to first exclude active TB; LTBI is ultimately diagnosed
after confirming that there is no evidence of active TB.
Diagnosis based on symptoms and chest X-ray (CXR)
findings is currently recommended [7]. H owever, while
many studies have reported a low yield of CXR for de-
tecting active TB [8-11], computed tomography (CT) has
higher image resolution and sensitivity than CXR and
can be used to discriminate between active and latent
TB, as a complementary or alternative TB screening
modality [12-14].
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CT should show a better diagnostic yield for active TB
compared to CXR, in cases where TB infection was ini-
tially revealed during TB screening. However, there are
limited data directly comparing the effectiveness of CT
and CXR for detecting or excluding active TB in mass
screening for LTBI, whereas existing studies target TB
investigation mainly in an outbreak situation or health-
care worker population [4,13]. Therefore, we aimed to
investigate the effectiveness and safety of CT as an ini-
tial diagnostic modality to exclude active TB, in mass
screening for LTBI of the general population of a coun-
try with an intermediate TB burden.

METHODS

Study population

This study was conducted from January 2015 to March
2018 at the Seoul Metropolitan Government Seoul Na-
tional University Boramae Medical Center, a tertiary re-
ferral hospital in South Korea. In South Korea, as part
of the National TB Elimination Project, mass screening
for LTBI (tuberculosis epidemiological investigation on
congregated settings) has been underway for workers
in collective facilities since 2017. According to an inter-
im report for 3 months from May to August 2017 from
the Korea Centers for Disease Control and Prevention,
21.8% of 298,675 test subjects were confirmed as TB-in-
fected patients [6]. They were referred to hospitals for
the exclusion of active TB and treatment of LTBI. For
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TB-infected patients, imaging tests including chest CT
were covered by the National Health Insurance in Korea
without patient payment. In the Korean medical system,
the waiting time required to perform CT was also short,
within 1 week, and non-contrast chest CT is enough to
exclude active TB without risk of exposure to radiocon-
trast dye. In this background, CT scans for TB-infected
patients could be performed frequently. As clinical ex-
periences of active TB patients not detected by CXR but
diagnosed with chest CT were accumulated, chest CT
was performed relatively often as an initial examination
in our center. We retrospectively reviewed the electronic
medical records of patients who were confirmed as TB
infection during mandatory mass screening, and who
visited our center for additional evaluation. We includ-
ed patients who were aged > 20 years and underwent a
radiological examination to exclude active TB. We ex-
cluded patients evaluated after exposure to an active TB
patient. We also excluded patients who had a history of
treatment for active TB or L'TBI, or were diagnosed with
extrapulmonary TB, due to the difficulty of interpret-
ing positive LTBI test results and the limitations asso-
ciated with diagnosis based on CXR, respectively. This
study was approved by the Institutional Review Board
of the Seoul Metropolitan Government Seoul National
University Boramae Medical Center (IRB no. 30-2018-6),
and waived the requirement for informed patient con-
sent due to the retrospective nature of the study.

Group definitions

The subjects were assigned to the CXR or chest CT
group according to on whether CXR or chest CT was
used as the initial diagnostic test at the time of the visit.
Patients who underwent CT after normal CXR finding
were also assigned to the CT group, because CXR find-
ings alone could not exclude active pulmonary TB. The
CXR and CT results were interpreted by radiologists, and
the radiological findings regarding TB infection were
classified into the following subcategories: (1) calcified
granuloma or lymph node; (2) fibronodular scarring; (3)
pleural thickening or calcification; (4) cavitation; (5) con-
solidation; or (6) centrilobular and tree-in-bud nodules
[15]. Calcified granuloma or lymph nodes, fibronodular
scarring, and pleural thickening or calcification were
considered inactive lesions. If a patient complained of
sputum at the time of the visit, sputum acid-fast bacilli

1412 www.kjim.org

The Korean Journal of Internal Medicine Vol. 36, No. 6, November 2021

(AFB) smear and culture were performed; further inva-
sive procedures could be ordered, including bronchos-
copy, to obtain an adequate respiratory specimen. We
noted instances where these additional tests were per-
formed, and any safety issues arising during them.

Active TB was diagnosed when the following findings
were confirmed in respiratory specimens: (1) positive
AFB smears; (2) positive AFB cultures but negative AFB
smears; or (3) polymerase chain reaction (PCR) positive
for Mycobacterium tuberculosis (MTB) but with negative
AFB smear and culture results. Active TB was also diag-
nosed when clinical and radiological findings were con-
sistent with the disease, despite the absence of microbi-
ological evidence for MTB. L'TBI was diagnosed when
the results of TST or IGRA were positive, and with no
clinical and radiological evidence of active TB.

Study outcomes

The primary outcome was the detection rate of active
TB according to the radiological modality used initial-
ly for diagnosis and to exclude active pulmonary TB.
Secondary outcomes were the implementation rate of
invasive tests or respiratory specimen tests to rule out

Patients with TB infection
confirmed by TST or IGRA (n = 822)

Exclusion
Contact history of TB (n = 187)

Patients with TB infection Exclusion

detected at mass screening (n = 635) Age < 20 years (n = 21)
No results of radiologic evaluation (n = 44)

No results of TST or IGRA (n = 4)
Treatment history of latent TB (n = 3)
Treatment history of active TB (n = 20)

Patients with further radiologic Sttepeaus (o @i mengs U2 (0= 1)

evaluation (n = 542)

Exclusion
Patients with moderate-to-high risk of
active TB (n = 93)

Population for sensitivity analysis

(n =449)
Chest X-ray Chest CT Chest X-ray Chest CT
(n=222) (n=320) (n=191) (n = 258)

Figure 1. Flow diagram of the study. T'B, tuberculosis; TST,
tuberculin skin test; IGRA, interferon gamma release assay;
CT, computed tomography.
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Characteristic (nT:t;IZ) Cheszlf(;rjzzg)group Cheztl S';i;mlp p value
Age, yr 46.9 £11.5 46.8 £11.7 47.0 £11.5 0.880
Female sex 398 (73-4) 164 (73.9) 234 (73.1) 0.924
Body mass index, kg/m?* 23.6 £3.6 23.4£3.6 23.8£3.6 0.567
Occupation 0.082
Hospital 246 (45.4) 116 (52.3) 130 (40.6)
Kindergarten 138 (25.5) 42 (18.9) 96 (30.0)
Nursing facility 47 (87) 19 (8.6) 28(8.8)
School 9(1y) 4(1.8) 5(1.6)
Postnatal care center 6(11) 3(1.4) 3(0.9)
Military personnel 1(0.2) o 1(0.3)
Others 95 (17.5) 38 (17.1) 57 (17.8)
Charlson comorbidity index 0.2+ 0.7 0.2+ 07 0.2+ 0.7 0.907
High risk of active TB 74 (13.7) 22(9.9) 52 (16.3) 0.035
Radiologically healed TB 43(7.9) 10 (4.5) 33 (10.3) 0.022
Transplantation recipient or candidate 18(3.3) 2(0.9) 16 (5.0) 0.018
TNF blocker user or candidate 17 (3.1) 14 (6.3) 3(0.9) 0.001
HIV infection 1(0.2) o 1(0.3) 1.000
Moderate risk of active TB 40 (7.4) 14 (6.3) 26 (8.1) 0.426
Diabetes mellitus 23 (4.2) 9(4.1) 14 (4-4) 1.000
End-stage renal disease 18 (3.3) 3(1.4) 15 (4.7) 0.059
Steroid maintenance treatment 3(0.6) 2(0.9) 1(0.3) 0.749
History of gastrectomy 1(0.2) o 1(0.3) 1.000
Symptoms 13 (2.4) 2(o 11 (3.4) 0.107
Cough 8(1.5) 2 6 (1.9) 0.574
Sputum 10 (1.8) 2 8(2.5) 0.300
Fatigue 1(0.2) o 1(0.3) 1.000
Diagnostic method for TB infection 1.000
IGRA 541(99.8) 222 (100) 319(99.7)
Tuberculin skin test 1(0.2) o 1(0.3)

Values are presented as mean + standard deviation or number (%).
CT, computed tomography; TB, tuberculosis; TNF, tumor necrosis factor; HIV, human immunodeficiency virus; IGRA, inter-
feron gamma release assay.

active TB, complications of further diagnostic tests, and Alogistic regression model was used to evaluate the risk

hospital visits during follow-up. factors for active TB, including the covariates of age,
sex, body mass index, comorbidities, and symptoms.
Statistical analysis

Categorical data are presented as numbers and per-

Some of the subjects included in the mass screening
had a moderate-to-high risk of active TB, such as hu-
centages. Continuous variables are expressed as mean man immunodeficiency virus patients, transplantation
+ standard deviation. Primary and secondary outcomes recipients, those taking tumor necrosis factor (TNF)

were analyzed with the chi-square or Fisher’s exact test. blockers, and those receiving the steroid maintenance
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Table 2. Diagnostic process and related events according to the initial imaging modality

Variable Cheszli(;rzazgroup Che(sltl S';i;‘oup p value
Initial radiological abnormalities 15 (6.8) 193 (60.3) <0.001
Calcified granulomas or lymph nodes (27) 155 (48.4) < 0.001
Fibronodular scarring 7(3.2) 35(10.9) <0.001
Pleural thickening or calcification 1(0.5) 5(1.6) 0.224
Cavitation 1(0.5) o) 0.410
Consolidation 2(0.9) o 0.167
Centrilobular and tree-in-bud nodules (1.8) 28(8.8) <0.001
Suspected as active TB in initial imaging (2.7) 15 (47) 0.094
Bronchoscopy (1-4) 21 (6.6) 0.007
Bronchoscopy-related complications o) 1.000
AFB smear/culture in respiratory specimen 15 (6.8) 34 (10.6) 0.164
TB PCR in respiratory specimen 4(1.8) 25 (7.8) 0.004
Hospital visit during follow-up, day 3.5+2.4 43+%23 < 0.001
Diagnosed as active TB 2(0.9) 8(2.5) 0.110

Values are presented as number (%) or mean + standard deviation.
CT, computed tomography; T'B, tuberculosis; AFB, acid-fast bacilli; PCR, polymerase chain reaction.

therapy. Additional sensitivity analyses were performed
excluding these patients, to evaluate the outcomes in a
sample more representative of the general population.
Odd ratios (ORs) and adjusted ORs (aORs) were calculat-
ed with 95% confidence intervals (CIs). Number needed
to screen is defined as the number of subjects who need
to be screened for the study period to prevent one ad-
verse event (missing active TB) [16,17]. All A p value < 0.05
was considered significant. All analyses were conducted
using R studio (R Foundation for Statistical Computing,
Vienna, Austria) and SPSS software version 21.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics

A total of 822 patients were screened at the Seoul Metro-
politan Government Seoul National University Boramae
Medical Center between January 2015 and March 2018
(Fig. 1). In total, 542 patients who had a TB infection de-
tected by mass screening, and who underwent a further
radiological evaluation, were included in the final anal-
yses. Of these 542 patients, 315 and 227 underwent CXR
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and chest CT, respectively, as initial radiological studies
to exclude active TB. Among the patients with CXR re-
sults, 93 underwent CT after normal CXR. Ultimately,
222 and 320 patients were assigned to the CXR and CT
groups, respectively.

Table 1 lists the baseline demographic and clinical
characteristics of the study population. The mean age
of the subjects was 46.9 years, and 73.4% were female.
The most common occupation was hospital worker
(45.4%), and the second most common was kindergarten
teacher. Most of the subjects had only a few comorbid-
ities (mean Charlson comorbidity index score, 0.2), and
considering the comorbidities, 13.7% and 7.4% of the pa-
tients in whom TB infection was confirmed were at high
and moderate risk of developing active TB in the future,
respectively. Among the comorbidities classified as high
risk factors for TB, radiologically healed TB lesions
(7.9%) and diabetes mellitus (4.2%) were the most com-
mon. No subject had silicosis, head and neck cancer, or
a hematological malignancy. Only 2.4% of the subjects
had symptoms at the time of the visit. Almost all sub-
jects (99.8%) were diagnosed with TB infection by IGRA.

The baseline characteristics of the study popula-
tion were not different between the CXR and chest CT

https://doi.org/10.3904/kjim.2020.282
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Table 3. Factors associated with the detection of active TB
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Univariate Multivariate
Factor
OR (95% CI) pvalue aOR (95% CI) pvalue
Initial screening with chest CT vs. CXR 2.82(0.70-18.81) 0.192 2.94 (0.62-14.05) 0.176
Age, yr 0.99 (0.93-1.04) 0.595 0.99 (0.94-1.04) 0.633
Male sex 1.87 (0.47—-6.63) 0.339 2.22 (0.60-8.20) 0.233
Moderate-to-high risk of active TB* 0.53 (0.07—4.25) 0.551 0.43 (0.05-3.69) 0.438

TB, tuberculosis; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; CT, computed tomography; CXR, chest X-ray.
Including radiologically healed TB lesion, transplantation recipient or candidate, tumor necrosis factor blocker user or candi-
date, human immunodeficiency virus infection, diabetes mellitus, end-stage renal disease, steroid maintenance therapy, and

history of gastrectomy.

groups, except in terms of the proportion of subjects at
high risk of active TB. The CXR group had more TNF
blocker users or candidates (6.3% vs. 0.9%, p = 0.001), and
the chest CT group had more radiologically healed TB
findings (103% vs. 4.5%, p = 0.022) and transplantation
recipients or candidates (5.0% vs. 0.9%, p = 0.018).

Diagnostic process for detecting TB and related
events

The detection rate for active TB tended to be higher in
the CT group than in the CXR group, (2.5% vs. 0.9%, p
= 0.110) (Table 2). Radiological abnormalities were sig-
nificantly more frequent on initial images in the CT
group (60.3% vs. 6.8%, p < 0.001). In the CT group, inac-
tive lesions (calcified granuloma or lymph nodes, fibro-
nodular scarring) were found more frequently, although
more active lesions (centrilobular and tree-in-bud nod-
ules) were also found. However, no group difference was
observed in the number of lesions suspected by the cli-
nician of being active TB.

During the subsequent process to diagnose active TB,
the application rate of bronchoscopy, a representative
invasive procedure, was higher in the CT group than in
the CXR group (6.6% vs. 1.4%, p = 0.007). No bronchos-
copy-related complications were reported. The appli-
cation rates of AFB smear/culture and TB PCR using a
respiratory specimen were also higher in the CT group,
although a statistical difference was only observed for
the TB PCR test. The frequency of hospital visits during
follow-up was also significantly higher in the CT group
than in the CXR group (4.3 + 2.3 vs. 3.5 £ 2.4, p < 0.001).

In the overall study population, 10 patients (1.92%)
were finally diagnosed with active pulmonary TB, and
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the others were diagnosed with LTBI. The baseline char-
acteristics were not different between the active TB and
LTBI groups, except for the radiological findings (Sup-
plementary Table 1). The LTBI group had more calcified
granuloma or lymph node lesions, which are typical in-
active radiologic findings, whereas the active TB group
had more consolidation and centrilobular/tree-in-bud
nodules, suggesting active inflammatory lesions. How-
ever, initial screening with chest CT instead of CXR was
not associated with a higher rate of detection of active
TB in the univariate analysis, even after adjusting for
age, sex, and the comorbidity of moderate-to-high risk
of active TB (aOR, 2.94; 95% CI, 0.62 to 14.05; p = 0.176)
(Table 3). The number of subjects needed to screen with
chest CT was 62, which means that 62 chest CT's should
have been performed instead of one CXR to avoid miss-
ing one patient with active TB.

Radiological findings of active TB

Table 4 lists the clinical characteristics of the 10 patients
diagnosed with active TB. None of the patients reported
any respiratory symptoms, and only one patient had a
comorbid disease (end-stage renal disease). All patients
had abnormal findings on the CT scan, but only two had
abnormal findings on CXR, despite the obvious abnor-
malities on the CT.

Sensitivity analysis

A sensitivity analysis was carried out excluding sub-
jects with moderate-to-high risk factors for active TB,
to better reflect the general population. No significant
differences in baseline characteristics were observed be-
tween the CXR and chest CT groups in the sensitivity
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Table 4. Clinical characteristics of the patients diagnosed with active TB

Radiologic abnormalities AFB

Bron-

Patient Sexfage, Comorbidity Symptoms smear/ T8 chosco- Dlagl’lO-StalC
Chest X-ray Chest CT PCR criteria
culture Py
1 Male/33 No No No active lung ~ Clustered, —/+ - Yes 2
lesion centrilobular
nodules
2 Female/58 No No No active lung  Ill-defined —/- + Yes 3
lesion ground-glass
opacities
3 Male/36 No No Peribronchial Centrilobular -/~ - Yes 4
consolidation nodules
4 Female/25 No No No active lung ~ Clustered —/- - No 4
lesion nodules
5 Female/35 No No No active lung ~ Clustered -/ - Yes 4
lesion centrilobular
nodules
6 Male/s7 No No No active lung ~ Clustered —/- - No 4
lesion nodules
7 Female/s5 No No No active lung ~ Centrilobular -/~ + Yes 3
lesion nodules
8 Female/43 No No No active lung ~ Clustered —/- - Yes 4
lesion nodules
9 Female/47 No No No active lung ~ Clustered —/- - Yes 4
lesion nodules
10 Male/71 ESRD No Peribronchial Clustered —/- + Yes 3
consolidation nodules,
consolidations

TB, tuberculosis; CT, computed tomography; AFB, acid-fast bacilli; PCR, polymerase chain reaction; ESRD, end-stage renal

disease.

“Diagnostic criteria for active TB: (1) Positive AFB smear; (2) Negative AFB smear/positive culture; (3) Negative AFB smear and

culture, PCR positive for TB; (4) Clinically diagnosed TB.

analysis (Supplementary Table 2). Similar to the results
of the primary analysis, the detection rate of active TB
tended to be higher in the CT group than in the CXR
group (3.1% vs. 0.5%, p = 0.085) (Supplementary Table 3).
The number of subjects needed to screen with chest CT,
instead of CXR, to exclude a patient with TB was 38. Ra-
diological abnormalities were found more frequently in
the chest CT group, and bronchoscopy and the TB PCR
test were performed more often in that group. Hospital
visits were significantly more frequent in the chest CT
group than the CXR group. Initial screening with chest
CT was not associated with a higher rate of detection of
active TB in the sensitivity analysis population (Supple-
mentary Table 4). The results of the sensitivity analysis
were consistent with those of the primary analysis.

1416 www.kjim.org

DISCUSSION

We hypothesized that chest CT would be more effective
than CXR as an initial screening method to exclude ac-
tive T'B, and differentiate between active TB and LTBI in
patients with a TB infection detected by mass screening
in a country with an intermediate TB burden. However,
although chest CT detected more radiological abnor-
malities in subjects with TB infection, no difference was
observed in the rate of detection of patients with active
TB between the imaging modalities. Chest CT was as-
sociated with additional invasive TB tests using bron-
choscopy and respiratory specimens, and a significantly
higher frequency of hospital visits.

Although CXR showed good sensitivity (and poor spec-
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ificity) to diagnose pulmonary TB, some studies have
shown that use of CXR in active TB screening programs
results in a low diagnostic yield due to limited sensitivi-
ty, and also increase the risk of reactivation [10,11]. Chest
CT detects more radiological abnormalities than CXR,
as confirmed in this study, and can be used to distin-
guish between active and inactive lesions (because CT is
able to reveal the nature of a lesion in more detail) [8].
Chest CT may be useful as a complementary imaging
modality to CXR during the screening procedure, par-
ticularly in patients with healed TB lesions, or in specif-
ic groups of patients at risk of TB reactivation. Previous
studies of TB contact investigations reported that chest
CT diagnoses active TB better than CXR in subgroups at
high risk of infection [12,13].

Some studies have suggested that CT may be a more
sensitive screening tool than CXR for other diseases
besides TB. For example, the National Lung Screen-
ing Trial showed that screening with low-dose CT in
a high risk lung cancer group reduced mortality from
lung cancer compared to CXR [19]. Another study re-
ported that chest CT improved the diagnostic accuracy
for pneumonia, thus reducing the rate of unnecessary
antibiotic therapy in elderly patients suspected to have
the disease [20].

However, the possibility that chest CT is a more sen-
sitive tool to diagnose TB than CXR does not necessar-
ily mean that CT is appropriate for a mass screening
program. In terms of lung cancer screening, there is an
overdiagnosis issue associated with CT. Chest CT can be
used initially to locate many suspicious lesions, and lead
to early diagnosis of lung cancer, which may not actual-
ly cause a difference in the subsequent clinical course
[21,22]. In this study, radiological abnormalities on ini-
tial imaging were 8.8y times more frequent in the chest
CT group than in the CXR group, but there was no sig-
nificant difference in the proportion of suspected and
confirmed TB cases between the two groups. CT may
detect lesions that mimic TB due to its high sensitivi-
ty; however, the clinical significance of those radiologic
findings is unclear in the absence of microbiological ev-
idence [23]. Transient inflammatory lesions that resolve
spontaneously may also be detected, as well as lesions
with other differential diagnoses having centrilobular or
tree-in-bud nodules [24-26]. If a screening test has high
sensitivity with low specificity, many false-positive re-
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sults can lead to additional, unnecessary examinations
being ordered, consistent with the results of this study.

The risk-benefit and cost-effectiveness ratios must be
considered to determine the most appropriate method
for mass screening. The effectiveness of TB detection
should be weighed against the higher radiation hazard
of CT, increased medical costs due to additional testing,
and risk of complications following invasive tests before
recommending CT as a screening tool for the general
population [13,27]. Given the nature of mass screening,
the risks posed by a given screening test will affect many
people. Therefore, the clinical relevance of mass TB
screening should be determined considering regional
epidemiology and healthcare system characteristics [28].
The results of this study for mass screening population
in a country of intermediate TB burden confirmed that
CT conferred no additional benefit over CXR, but sig-
nificantly increased patient risk and costs; thus, it was
not superior to CXR as a screening test for active TB in
patients with a TB infection, even after excluding sub-
jects with moderate-to-high risk of developing active TB
from the analysis. The use of CT as an initial diagnostic
test for mass screening of'a TB-infected population was
not supported by this study.

This study had several limitations. First, the level of
evidence was limited by the retrospective design. Sec-
ond, this study included a TB-infected population
rather than a general population without a confirmed
TB infection. In addition, the results of this study were
confirmed in the mass screening population, which is
different from other previous studies, such as study for
contact investigation in outbreak situation. So, it is lim-
ited to apply our results to the area of LTBI diagnosis
in general population. Third, regional characteristics
should be considered when evaluating a screening pro-
gram. As this study was conducted in a single country
with an intermediate TB burden, the results cannot be
generalized to other countries without due consider-
ation of the TB epidemiology therein. Fourth, we did
not perform a cost-effectiveness analysis for all of the
modalities. Further research is needed to assess TB in
more large and various population whether chest CT
in the mass screening for TB-infected patients will be
beneficial to diagnosis active TB, considering its high
sensitivity.

In conclusion, detection rates of active TB were not
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different between chest CT and CXR (as the initial di-
agnostic method), in a mass screening program in an
intermediate-burden country. However, implementing
CT significantly increased the likelihood of further in-
vasive procedures, respiratory specimen tests, and hos-
pital visits.

KEY MESSAGE

1. Chest computed tomography (CT) detected
more radiological abnormalities in subjects
with tuberculosis (TB) infection detected by
mass screening; however, did not improve the
detection rate of active TB compared to chest
X-ray.

2. The use of chest CT as initial diagnostic meth-
od for TB infection was associated with addi-
tional invasive TB tests using bronchoscopy
and respiratory specimens, and a significantly
higher frequency of hospital visits.
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Supplementary Table 1. Baseline characteristics of active TB vs. LT BI groups in the primary analysis population

Characteristic Total (n = 542) LTBI group (n=532) Active TB group (n=10) pvalue
Initial CT vs. CXR 320(59) 312 (58.6) 8(80) 0.174
Age, yr 46.9 £11.5 47.0 £11.5 45.0 £13.8 0.476
Female sex 398 (73.4) 392 (73.7) 6(60) 0.332
Body mass index, kg/m? 23.6 +£3.6 23.6 3.6 22.1+17 0.418
Occupation 0394
Hospital 246 (45.4) 240 (45.1) 6 (60)
Kindergarten 138 (25.5) 136 (25.6) 2(20)
Nursing facility 47(87) 47(8.8) o
School 9(1.7) 9 (1.7) o
Postnatal care center 6 (1.1) 6 (1.1) o
Military personnel 1(0.2) 1(0.2) o
Others 95 (17.5) 93 (17.5) 2(20)
Charlson comorbidity index 0.2+ 0.7 0.2+0.7 0.2+0.6 0.838
High risk of active TB 74 (13.7) 73 (13.7) 1 (10) 0.594
Radiologically healed TB 43 (7.9) 43 (8.1) o 0.349
Transplantation recipient or candidate 18 (3.3) 17 (3.2) 1(10) 0.235
TNF blocker user or candidate 17 (3.1) 17(3.2) o 0.566
HIV infection 1(0.2) 1(0.2) o 0.891
Moderate risk of active TB 40 (7.4) 39 (7.3) 1(10) 0.539
Diabetes mellitus 23 (4-2) 23 (4-3) o 0.502
End-stage renal disease 18 (3.3) 17 (3.2) 1(10) 0.235
Steroid maintenance treatment 3(0.6) 3(0.6) o 0.812
History of gastrectomy 1(0.2) 1(0.2) o 0.891
Symptoms 13 (2.4) 13 (2.4) o 0.617
Cough 8(1.5) 8(1.5) o 0.696
Sputum 10 (1.8) 10 (1.9) o 0.662
Fatigue 1(0.2) 1(0.2) o 0.891
Diagnostic method for TB infection 0.891
IGRA 541(99.8) 531(99.8) 10 (100)
Tuberculin skin test 1(0.2) 1(0.2) o
Suspected as active TB in initial imaging 21(3.9) 11(2.1) 10 (100) <0.001
Initial radiologic abnormalities 208 (38.4) 198 (37.2) 10 (100) <0.001
Calcified granulomas or lymph nodes 161 (29.7) 161 (30.3) o 0.038
Fibronodular scarring 42.(77) 41(7.7) 1 (10) 0.788
Pleural thickening or calcification 6(11) 6(11) 0 0.736
Cavitation 1(0.2) 1(0.2) o 0.891
Consolidation 2(0.4) o 2(20) <0.001
Centrilobular and tree-in-bud nodules 32(5.9) 22 (4.1) 10 (100) < 0.001

Values are presented as number (%) or mean + standard deviation.
TB, tuberculosis; LTBI, latent tuberculosis infection; CT, computed tomography; CXR, chest X-ray; TNF, tumor necrosis fac-
tor; HIV, human immunodeficiency virus; IGRA, interferon gamma release assay.
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Supplementary Table 2. Baseline characteristics of the sensitivity analysis population

KJIM™

Characteristic Total Chest X-ray group Chest CT group palue
(n = 449) (n =107 (n=258)
Age, yr 45.8 £11.3 46.2 +11.1 45.4 £11.5 0.406
Female sex 350 (78) 147 (77) 203 (78.7) 0.730
Body mass index, kg/m?* 23.3%3.6 23.3%3.5 23.3+3.8 0.526
Occupation 0.117
Hospital 227 (50.6) 112 (58.6) 115 (44.6)
Kindergarten 121 (26.9) 40 (20.9) 81 (31.4)
Nursing facility 37(8.2) 16 (8.4) 21(8.1)
School 9(2.0) 4(2.1) 5(1.9)
Postnatal care center 5011 2(1.0) 3(1.2)
Military personnel 1(0.2) o 1(0.4)
Others 49 (10.9) 17(8.9) 32(12.4)
Charlson comorbidity index 0.06+£ 036 0.09 £ 0.50 0.03 £ 0.20 0.105
Symptoms 10 (2.2) 1(0.5) 9(3.5) 0.049
Cough 6013 1(0.5) 5(1.9 0.247
Sputum 9(2) 1(0.5) 8(3.1) 0.085
Fatigue o o o 1.000
Diagnostic method for TB infection 1.000
IGRA 448 (99.8) 191 (100) 257(99.6)
Tuberculin skin test 1(0.2) o 1(0.4)

Values are presented as mean + standard deviation or number (%).

CT, computed tomography; TB, tuberculosis; IGRA, interferon gamma-release assay.
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Supplementary Table 3. Diagnostic process and related events according to the initial imaging modality in the sensitivity

analysis population

Variable Chest(;(;rf;fjroup Che?; S’ngoup pvalue
Initial radiologically abnormalities 4(2.1) 147 (57) < 0.001
Calcified granulomas or lymph nodes 3(1.6) 121 (46.9) <0.001
Fibronodular scarring o 18(7) <0.001
Pleural thickening or calcification 1(0.5) 1(0.4) 1.000
Cavitation o o 1.000
Consolidation 1(0.5) o 0.425
Centrilobular and tree-in-bud nodules 2(1) 19 (7.4) 0.002
Suspected as active TB in initial imaging 2(1) 13 (5) 0.030
Bronchoscopy 1(0.5) 12 (4.7) 0.009
Bronchoscopy-related complications o o 1.000
AFB smear/culture in respiratory specimen 10 (5.2) 22.(8.5) 0.181
TB PCR in respiratory specimen 1(0.5) 15 (5.8) 0.003
Hospital visit during follow-up 3.2%2.1 43+2.2 <o0.001
Diagnosed as active TB 1(0.5) 8(3.1) 0.085

Values are presented as number (%) or mean + standard deviation.
CT, computed tomography; TB, tuberculosis; AFB, acid-fast bacilli; PCR, polymerase chain reaction.

www.kjim.org https://doi.org/10.3904/kjim.2020.282


www.kjim.org

Joo DH, et al. Chest CT for TB infection in mass screening KJ I MQ\

Supplementary Table 4. Factors associated with the detection of active T'B in the sensitivity analysis population

Univariate Multivariate
Factor
OR (95% CI) p value aOR (95% CI) pvalue
Initial screening with 6.08 (0.75-49.03) 0.090 6.06 (0.75—49.03) 0.091
chest CT vs. chest X-ray
Age 0.97 (0.92-1.03) 0328 0.97 (0.92-1.03) 0333
Male sex 1.79 (0.44-7.30) 0.416 1.95 (0.47-8.06) 0.355

TB, tuberculosis; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; CT, computed tomography.
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