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Objective. Current guidelines recommend screening for latent tuberculosis infection (LTBI) with a tuberculin skin test (TST) or
interferon gamma release assay (IGRA), or both. Many also recommend chest radiography (CXR), although its added value is uncer-
tain. This systematic review assessed the prevalence of abnormalities suggestive of LTBI on CXR (LTBI-CXR lesions) and evaluated
the strength of the association.

Method. We searched 4 databases up to September 2017 and systematically reviewed cross-sectional and cohort studies re-
porting LTBI-CXR lesions in individuals with a positive TST or IGRA, or both, result. Prevalence estimates were pooled using
random effects models and odds ratios (ORs) were used to calculate risk estimates.

Results. In the 26 included studies, the pooled proportion of individuals with LTBI having LTBI-CXR lesions was 0.15 (95%
confidence interval [CI], 0.12-0.18]. In 16 studies that reported on individuals with LTBI and uninfected controls, LTBI-CXR le-
sions were associated with a positive TST result > 5 mm or > 10 mm (OR, 2.45; 95% CI, 1.00-5.99; and OR, 2.06; 95% CI, 1.38-3.09,
respectively) and with a positive QuantiFERON result (OR, 1.99; 95% CI, 1.17-3.39) compared to CXR in uninfected controls.
Although few studies reported specified lesions, calcified nodules were most frequently reported in individuals with LTBI (propor-
tion, 0.07; 95% CI, 0.02-0.11).

Conclusions. Lesions on CXR suggestive of previous infection with Mycobacterium tuberculosis were significantly associated
with positive tests for LTBI, although the sensitivity was only 15%. This finding may have added value when detection of past LTBI

is important but immunodiagnostic tests may be unreliable.
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INTRODUCTION

In individuals with latent tuberculosis (TB) infection (LTBI),
the lifetime risk of developing active TB following initial in-
fection with Mycobacterium tuberculosis (Mtb) is estimated to
be around 10% [1]. This risk is strongly increased in recently
infected individuals, in individuals with an impaired immune
response due to HIV, or as a result of immunosuppressive
drugs, such as tumor necrosis factor (TNF) antagonists or anti-
rejection drugs [2-5]. Especially in these individuals at highest
risk of reactivation, adequate LTBI screening and subsequent
preventive treatment are key to prevent development of active
disease [1, 3, 4]. In general, the screening includes a tuberculin
skin test (TST) or interferon-gamma release assay (IGRA), or
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both, and often chest radiography (CXR). Although there are
several ways to diagnose LTBI before the start of immunosup-
pressive therapy, a number of patients still develop active TB,
often despite a negative TST/IGRA result [6, 7]. Interestingly,
a recently published systematic review showed that the role of
CXR is ambiguous in these different screening methods [8].
Some guidelines recommend performing CXR regardless of
corresponding TST/IGRA result [3, 9-11]. Other guidelines
state that performing CXR should be limited to those with cer-
tain risk factors for LTBI [12] or to individuals with a positive
TST/IGRA result in order to exclude active TB [13]. Because
screening for LTBI based on TST/IGRA results is suboptimal in
immunosuppressed patients, who are at highest risk of reactiv-
ation TB, CXR can be of added value as it might reveal signs of
prior TB infection in those with a false-negative TST/IGRA re-
sult [2, 14]. Such radiological findings are even associated with
an increased risk of reactivation in immunocompetent individ-
uals [2, 15], and they are, therefore, of special interest in groups
with (future) impaired immunity.

We conducted the first systematic review and meta-analysis to
evaluate the prevalence of lesions on CXR considered suggestive
of prior TB infection in individuals with LTBI and to assess the
strength of the association by comparing the frequency of such
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findings on CXR in those with LTBI and uninfected controls.
The ultimate goal of this study was to evaluate the potential of
CXR to increase the sensitivity of existing screening methods for
LTBI in individuals eligible for immunosuppressive therapy.

METHODS

This systematic review and meta-analysis was conducted in
accordance with PRISMA guidelines for reporting system-
atic reviews [16]. The protocol was registered prospectively
(PROSPERO registration number 2018 CRD42018088641).

Eligibility Criteria

Eligible for inclusion were all studies reporting abnormalities
on CXR suggestive of LTBI, further referred to as LTBI-CXR le-
sions, in correlation with immunological tests for infection with
Mtb. LTBI-CXR lesions included calcified nodules, noncalcified
nodules, pleural thickening, and fibrotic scarring. Case reports
and case series were excluded. Individuals >18 years old in
whom a TST/IGRA and a CXR was performed were included.
Depending on the study protocols, a positive TST was defined
as an induration size > 5 mm or as > 10 mm. If the cut-off TST
induration size could not be retrieved, it was considered to be >
10 mm. The 2 commercially available IGRA in the study period
were the QuantiFERON-TB Gold in-tube (QFT) (Qiagen, Hilden,
Germany) and T-SPOT.TB (T-SPOT) (Oxford Immunotec,
Oxford, UK). QFT and T-SPOT were considered positive in case
of an interferon-y response > 0.35 IU/mL and > 8 spot forming
units (SFU) (= 6 SFU in studies using the earlier T-SPOT cut-
off value), respectively. The meta-analysis was limited to studies
including both an Mtb-infected group and Mtb-uninfected con-
trol group. Primary outcome measured the following: (1) the
proportion of individuals with LTBI having LTBI-CXR lesions
(prevalence); (2) the presence of these lesions in individuals with
LTBI compared to uninfected controls (OR); and (3) the preva-
lence of specified lesions, defined as (calcified) nodules, pleural
thickening, and fibrotic scarring, in individuals with LTBI (and
uninfected individuals if available). Secondary outcome meas-
ures were the influence of blinded assessment of the CXR by the
radiologist on the effect size and an evaluation of radiological dis-
crepancies between studies in high (= 40) and low TB-endemic
areas (<40 cases of active TB/100 000 inhabitants per year).

Search Strategy

We conducted a literature search up to September 1, 2017,
of PubMed/MEDLINE, Embase, Web of Science, and the
Ccohrane Library databases. The search strategy is accessible
through PROSPERO. No restrictions were made on publication
date or publication status, and the languages were limited to
English or Dutch. All identified records were screened on title
and abstract. Eligibility assessment was performed by 2 inde-
pendent reviewers (J.U. and S.A.), and disagreements between
reviewers were discussed and resolved by consensus.

Data Collection

Data was extracted using a data collection form. We tested the
form on 5 randomly-selected studies after which minor adjust-
ments were made. Data were extracted by 1 author (J.U.) and
checked by a second author (S.A.). Disagreements were discussed
and resolved by consensus. Four authors of included studies
were contacted for additional data, of whom 2 responded and
1 provided additional data. From each included study, data was
collected on study characteristics, diagnostic methods, and radi-
ological abnormalities in both Mtb-infected and Mtb-uninfected
individuals, if applicable. The complete data collection form is
provided in the online supplement (Supplementary Table S1).

Risk of Bias Assessment

The Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies by the National Heart, Lung, and Blood
Institute of the National Institutes of Health (NIH) was used for
the assessment of bias [17]. We arbitrarily assigned each crite-
rion 1 point. After scoring, a poor, fair, or good quality rating
was defined by a score of < 4, 5 or 6, and > 7 points, respectively.
Two reviewers (J.U. and S.A.) assessed quality independently,
and disagreements were discussed and resolved by consensus.
The risk of bias summary tables were made using Review
Manager software, version 5.3 (The Nordic Cochrane Centre of
The Cochrane Collaboration, Copenhagen, Denmark). Funnel
plots were used to evaluate the risk of publication bias, and
Egger’s test was performed to assess funnel plot asymmetry.

Statistical Analyses

Studies were classified by the study’s definition of LTBI
(TST = 5 mm, TST = 10 mm, QFT positivity, and T-SPOT
positivity), with several studies providing data on more than
1 of these criteria. The proportion of individuals with a posi-
tive test for LTBI and in whom LTBI-CXR lesions were found
were pooled in diagnostic categories based on LTBI definition.
The Freeman-Tukey double arcsine transformation method
was used to stabilize the variances. Subsequently, risk estimates
of lesions on CXR in individuals with a positive test for LTBI
compared to test-negative controls were calculated using ORs.
Pooled ORs were obtained by random-effects meta-analysis
(Mantel-Haenszel method). To assess the sensitivity of outcome
depending on the choice of meta-analysis method, we ran addi-
tional analyses using alternative methods, which yielded similar
results. Statistical heterogeneity was assessed using the Cochran
chi-square test, and the I” statistic was used to evaluate the de-
gree of variation among studies. Meta-regression analyses were
performed to assess the potential influence of TB endemicity on
the overall proportion with LTBI-CXR lesions, and subgroup
meta-regression analyses were performed to explore the rela-
tion between blinding of the radiologist to TST/IGRA results
and risk estimates (ORs). All analyses were performed using R,
version 3.5.2.
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RESULTS

Study Selection and Study Characteristics

A flow chart of the study selection is shown in Figure 1. We iden-
tified 1628 studies by the database search after excluding duplicate
publications. Of these, 1467 studies were excluded based on title
and abstract. The remaining 161 studies were assessed for eligi-
bility by reviewing the full text, of which 135 were excluded. Thus,
26 studies were included for data collection and quality assessment.
Ten studies included only individuals with LTBI [18-27], while the

remaining 16 studies included a control group of individuals with
negative TST/IGRA results [28-43]. Of these 26 studies, 13 were
cohort studies, 12 were cross-sectional studies, and 1 had a case con-
trol design (Table 1). The setting was most often occurred before
anti-TNF screening (n = 6) or routine care (n = 5), and the majority
of studies (n = 21) were performed in low TB-endemic countries.

Risk of Bias Across Studies
Using the NIH's Quality Assessment Tool on all included studies
[17], 7 studies were scored as poor [18, 22, 24, 25, 27, 29, 36], 14 as

PRISMA 2009 Flow Diagram

Figure 1.

Selection of Articles Included in This Review CXR indicates chest radiography; IGRA, interferon-gamma release assay; TB, tuberculosis; TST, tuberculin skin test.
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fair [19-21, 23, 26,28, 30, 31, 33-35, 39, 40, 43], and 5 as good quality
studies [32, 37, 38, 41, 42] (Supplementary Figures S1 and S2). Of
the 16 studies included in the meta-analysis, 2 were scored as poor
[29, 36], 9 as fair [28, 30, 31, 33-35, 39, 40, 43], and 5 as good quality
studies [32, 37, 38,41, 42]. Only 4 studies reported that the evaluating
radiologist was blinded to TST/IGRA results [32, 37, 38, 43].

Proportion of Individuals With LTBI Showing LTBI-CXR Lesions
Prevalence data for LTBI-CXR lesions, often without specifi-
cation of which lesions qualified as such, in individuals with
a positive TST/IGRA result from 25 different studies, resulted
in an overall proportion of 0.15 (95% CI, 0.12-0.18; Figure 2).
One study was excluded from this analysis, because individ-
uals with a TST > 5 mm were not separated from those with a
TST > 10 mm [22]. In the latter study, the prevalence was 25%.
In the different diagnostic categories based on LTBI definition,
the pooled proportion of these lesions was highest in those with
a positive QFT result (0.32; 95% CI, 0.13-0.54) and lowest in
studies that defined LTBI by T-SPOT positivity (0.12; 95% CI,
0.07-0.17). Individuals in studies defining LTBI by a higher
cut-off for TST positivity were associated with a slightly higher
prevalence of lesions suggestive of past TB infection, although
these estimates were associated with considerable heterogeneity.
Meta-regression showed that low TB-endemicity was signifi-
cantly associated with a lower proportion of Mtb-infected indi-
viduals with LTBI-CXR lesions (P < .01). An additional analysis
was performed in which the studies with the highest and lowest
value were omitted from the TST > 10 mm and QFT-positive
subgroup, which were Jeong et al [32] plus Gottridge et al [23]
and Jeong et al [32] plus Kleinert et al [36], respectively. This
resulted in a slightly lower proportion with LTBI-CXR lesions
overall (0.14; 95% CI, 0.11-0.17), in the TST > 10 mm subgroup
(0.16; 95% CI, 0.11-0.21), and in the QFT-positive subgroup
(0.31; 95% CI, 0.07-0.61) when compared to the analysis in-
cluding all studies. Heterogeneity was somewhat reduced in the
TST > 10 mm subgroup (I* = 94%, t* = 0.084), but remained
high in the QFT-positive subgroup (I* = 98%, t* = 0.013).

Association Between Positive TST/IGRA and LTBI-CXR Lesions, Compared
With Uninfected Controls

Fourteen studies provided data that enabled a calculation of
the risk estimate for LTBI-CXR lesions in individuals with a
positive TST (Figures 3A and 3B). Definitions for a positive
TST included TST =5 mm or TST > 10 mm. Latent tuberculosis
infection defined as TST > 5 mm or > 10 mm was associated
with LTBI-CXR lesions (OR, 2.45; 95% CI, 1.00-5.99 and OR,
2.06; 95% CI, 1.38-3.09, respectively). Heterogeneity was sub-
stantial across both categories. Five studies using TST > 5 mm
as criterion for LTBI reported that bacille Calmette-Guérin
(BCGQG) vaccination rates were similar in individuals with LTBI
and uninfected controls, except for 1 study in which uninfected
controls were more often vaccinated by BCG [41]. The effect
estimates of IGRA positivity on the risk of LTBI-CXR lesions

were based on 7 studies (Figures 4A and 4B). QFT positivity
was significantly associated with LTBI-CXR lesions (OR, 1.99;
95% CI, 1.17-3.39), whereas T-SPOT positivity was not, which
may be related to the limited available data. Heterogeneity
was moderate among studies using QFT positivity (I* = 50%,
P = .07), and considerable in those describing T-SPOT pos-
itivity (I* = 89%, P < .01). In the meta-regression analysis,
blinding of the radiologist for the TST/IGRA results did not
affect the association between TST = 10 mm or QFT posi-
tivity and LTBI-CXR lesions (P = .42 and P = .47, respectively).
Funnel plots showed no evidence of asymmetry, regardless of
the definition for LTBI (Figures 5A and 5B, Supplementary
Figure S3). Egger’s test for asymmetry was not significant in
studies defining LTBI by TST > 5 mm, TST > 10 mm, or QFT
positivity (P = .72, P = .77 and P = .32, respectively). Thus,
the risk of publication bias was low. For studies reporting
on T-SPOT positivity, no funnel plot was constructed as the
number of available studies was too low.

Prespecified Radiological Findings

Nine studies reported LTBI-CXR lesions in more detail, as
shown in Table 2. Presence of a calcified nodule was the most
prevalent lesion observed among individuals with a positive
test for LTBI, although still rare (proportion, 0.07; 95% CI,
0.02-0.15). Crude ORs for specified lesions on CXR were not
estimated as only few studies reported on specified lesions in
individuals without LTBL

DISCUSSION

To the best of our knowledge, this study is the first to system-
atically assess the proportion of individuals with a positive
immunodiagnostic test for LTBI having LTBI-CXR lesions.
Pooled estimates from all included studies showed that approx-
imately 15% of the individuals with LTBI had lesions on CXR
that possibly reflect (containment of) prior Mtb-infection. In
studies comparing individuals with LTBI and uninfected con-
trols, a significant association was found between such lesions
and corresponding TST/IGRA results. As only few studies re-
ported on specified lesions, such as (calcified) nodules, fibrotic
lesions, and thickening of the pleura, no risk effects could be
calculated in that regard.

It is known that a (calcified) nodule and fibrotic scarring on
CXR can result from the Mtb-host interaction during infection
in the lung. After being phagocytosed by alveolar macrophages
at the initial site of infection, Mtb-bacilli induce the recruitment
of monocytes, neutrophils, B cells, and T cells, resulting in the
formation of a granuloma [44]. The immune response usually
contains this bacillary growth, eventually leading to the devel-
opment of fibrosis in or around the granuloma [45, 46]. This
fibrotic tissue sometimes becomes calcified and may be visible
on CXR [44]. Of note, (calcified) nodules, fibrotic scarring, and
pleural thickening on CXR are not pathognomonic and have an
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Study N with Lesions N Patients Proportion [95% CI]
TST 2 5 mm
Bonfiglioli, 2014 6 44 —— 0.14 [0.05, 0.26]
Costantino, 2013 14 196 0.07 [0.04, 0.11]
Foster, 2016 14 62 _— 0.23 [0.13, 0.34]
Katsenos, 2011 0 26 0.00 [0.00, 0.07]
Kim, 2010 5 47 —_—— 0.11 [0.03, 0.21]
Kleinert, 2012 15 173 0.09 [0.05, 0.13]
Kunimoto, 2009 304 1446 —r— 0.21 [0.19, 0.23]
Triverio, 2009 2 12 0.17 [0.00, 0.44]
Vassilopoulos, 2011 9 58 — 0.16 [0.07, 0.26]
Subtotal 369 2064 0.12 [0.07,0.18]
(2= 86%, 12=.012)
TST =2 10 mm
Bailey*, 1977 61 1524 0.04 [0.03, 0.05]
Christopoulos, 2009 27 62 _ 0.44 10.31, 0.56]
Eisenberg, 2009 91 875 0.10 [0.08, 0.13]
Eisenberg, 2010 159 2586 0.06 [0.05, 0.07]
Eisenberg, 2017 196 2518 0.08 [0.07, 0.09]
Foster, 2016 12 43 = 0.28 [0.15, 0.42]
Gottridge, 1989 9 221 0.04 [0.02, 0.07]
Jeong,2012 89 131 0.68 [0.60, 0.76]
Joshi, 2007 174 276 0.63 [0.57, 0.69]
Kim, 2010 3 21 0.14[0.02, 0.33]
Manadan*, 2007 10 43 - 0.23 [0.12, 0.37]
Meyer*, 2007 75 635 0.12 [0.09, 0.14]
Nolan, 1988 185 3300 0.06 [0.05, 0.06]
Roclsgaard, 1961 231 2475 0.09 [0.08, 0.11]
Seyhan, 2009 4 34 e 0.12 [0.03, 0.25]
Sichletidis, 2006 5 45 JE — 0.11 [0.03, 0.22]
Tafuri, 2011 99 554 0.18 [0.15, 0.21]
Wauters, 2004 22 73 [ 0.30 [0.20, 0.41]
Subtotal 1452 15416 _ 0.17 [0.13,0.23]
(1% = 98%, 12=.017)
QFT positive
Jeong,2012 150 228 0.66 [0.59, 0.72]
Joshi, 2007 163 261 0.62 [0.56, 0.68]
Kleinert, 2012 3 50 0.06 [0.01, 0.15]
Seyhan, 2009 11 43 0.26 [0.13, 0.40]
Triverio, 2009 3 13 = 0.23 [0.04, 0.50]
Vassilopoulos, 2011 4 32 - = 0.12 [0.03, 0.27]
Subtotal 334 627 e —— 0.32 [0.13, 0.54]
1% =96%, 12 = .065)
T -SPOT positive
Costantino, 2013 13 122 0.11 [0.06, 0.17]
Kim, 2010 5 5 65 0.08 [0.02, 0.16]
Kleinert, 2012 15 70 B 0.21 10.13, 0.32]
Triverio, 2009 1 8 —e 0.06 [0.00, 0.22]
Vassilopoulos, 2011 4 39 — - 0.10 [0.02, 0.22]
Subtotal 38 314 _ 0.12 [0.07, 0.17]
(1% = 38%, 12 = .003)
Overall — 0.15 [0.12, 0.18]
[ I I T 1
0.00 0.20 0.40 0.60 0.80

Proportion

Figure 2.  Proportion of Individuals With Positive Test for Latent Tuberculosis (TB) Infection in Whom Lesions Suggestive of Previous TB Infection Were Found on Chest
Radiography. Pooled proportion calculated by diagnostic category using the Freeman-Tukey double arcsine transformation method. QFT indicates QuantiFERON Gold in-tube;
TST, tuberculin skin test; T-SPOT, T-SPOT. 7B. Asterisk indicates that cut-off for a positive TST was not defined in this study, but it was considered to be 10 mm.

extensive differential diagnosis, including sarcoidosis and other In estimating the proportion of TST/IGRA positive individ-
granulomatous diseases, various other pulmonary infections,  uals with LTBI-CXR lesions using a random-effects model, it was

malignancies, and occupational lung diseases [46, 47]. important to evaluate whether this pooled estimate was affected
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A TST25mm TST <5mm
Study Events* Total Events* Total Odds Ratio OR 95% CI Weight
Bonfiglioli, 2014 6 44 8 158 S 2.96 [0.97;9.04] 15.6%
Toster, 2016 14 62 87 406 —m— 1.07 [0.56; 2.03] 18.7%
Katsenos, 2011 0 26 6 G P 0.13 [0.01; 2.44] 6.5%
Kim, 2010 5 47 5 162 - 3.74  [1.03; 13.52] 14.5%
Kleinert, 2012 15 173 12 1356 e 10.63  [4.89;23.12] 17.8%
Triverio, 2009 2 12 6 50 S I S— 1.47 [0.26; 8.37] 11.6%
Vassilopoulos, 2011 58 5 97 - m— 3.38  [1.07; 10.64] 15.4%
Random effects model 51 422 129 2280 —— 2.45 [1.00;5.99] 100.0%
Heterogeneity: IZ = 77%, X% =25.99 (P=.01) b ! ! I I
Test for overall effect z = 1.96 (P = .050) 0102051 2 5 100

TST<5mm TST =5 mm
B TST210mm TST < 10 mm
Study Events* Total Events* Total Odds Ratio OR 95% CI Weight
Christopoulos, 2009 27 62 40 210 - 3.28 [1.78;6.03]  13.4%
Foster, 2016 12 43 89 422 P 1.45 [0.71;2.93]  12.1%
Jeong, 2012 89 131 74 140 —.— 1.89 [1.15;3.10]  15.0%
Kim, 2010 3 21 7 188 e 431 [1.02; 18.13] 5.6%
Roelsgaard, 1961 231 2475 82 2471 - 3.00 [2.32;3.88]  18.0%
Seyhan, 2009 34 12 66 — =t — 0.60 [0.18; 2.03] 7.0%
Sichletidis, 2006 5 45 0 568 : —— > 154.41 [8.39; 2841.67] 1.7%
Tafuri, 2011 99 554 16 115 o 1.35 [0.76;2.38]  14.0%
Wauters, 2004 22 73 34 151 i 1.48 [0.79;2.78]  13.2%
Random effects model 492 3438 354 4331 ~ 2.06 [1.38;3.09] 100.0%
Heterogeneity: 77 = 70%, X2 = 26.29 (P< .01) 01 02 051 9 5 100

Test for overall effect z = 3.53 (P < .01)

TST <10 mm TST = 10 mm

Figure 3. Meta-Analysis of Studies Showing the Crude Effect of a Positive TST Result on the Risk of Lesions Suggestive of Past TB Infection on Chest Radiography (A)
TST>5mm versus TST <5 mm; (B) TST > 10 mm versus TST < 10 mm. Cl indicates confidence interval; TST, tuberculin skin test. Asterisk indicates number of individuals with

findings on chest radiography consistent with past tuberculosis infection.

by extreme values. The additional analysis showed that omitting
studies with extreme values affected the proportion only slightly.
The assessment of the proportion also was performed in diag-
nostic categories in order to improve the precision of the estima-
tion and to reduce heterogeneity. Although the Cls of estimates
per category overlapped, the proportion was substantially higher
in the QFT-positive group, mostly due to 2 studies reporting a
remarkably high proportion of LTBI-CXR lesions among QFT-
positive individuals [32, 33]. Both studies were conducted in a
high TB-endemic area, and high TB-endemicity was significantly
associated with a higher overall proportion of individuals with
LTBI-CXR lesions in this review. Several other factors could have
affected the accuracy of the estimation as well, including varia-
tions between populations and differences in study methods. The
presence of lesions on CXR is influenced by the history of previous
lung diseases, setting, and age of the screened population. For ex-
ample, an older age is associated with more lesions on CXR. Both
setting and age distribution varied among the included studies,
but previous lung diseases could not be evaluated. In addition,

most studies were not specifically aimed at examining radiolog-
ical abnormalities which may have led to underreporting. Some
relevant studies may have been missed due to language restric-
tions of the literature search. Finally, the definition of LTBI-CXR
lesions varied among studies. Approximately half of the studies
defined these lesions only very concisely or not at all, which could
have resulted in observer bias.

The association between positive tests for LTBI and LTBI-
CXR lesions, by comparison with uninfected controls, was
examined in 4 diagnostic categories based on definition of a
positive TST/IGRA test result. Interestingly, pooled ORs were
comparable among these groups, ranging from 1.99 to 3.45.
Unfortunately, this review did not include any studies that
evaluated both sensitivity and specificity of particular radiolog-
ical lesions for LTBI.

In this meta-analysis, the risk estimates compared to unin-
fected controls may have been affected by observer bias, because
the evaluating radiologist was not blinded to TST/IGRA results in
most included studies. Blinding is important as a radiologist can be
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A QFT+ QFT-
Study Events* Total Events* Total Odds Ratio OR 95%CI Weight
Jeong, 2012 150 228 43 91 —-— 2.15  [1.31;3.52]  28.2%
Joshi, 2007 163 261 43 67 —— 093  [0.53;1.62] 26.4%
Kleinert, 2012 3 50 7 635 —_— 5.73 [1.43;22.87]  10.6%
Seyhan, 2009 11 43 5 57 — 3.57 [1.14;11.24]  13.7%
Triverio, 2009 3 13 5 44 —r 2.34 [0.48;11.49]  8.6%
Vassilopoulos, 2011 4 32 10 123 — T 1.61  [0.47;5.53] 12.5%
Random effects model 334 627 113 1017 — 1.99 [1.17;3.39] 100.0%
Heterogeneity: 12 = 50%, X2 = 10.09 (P=.07) b ro '
Test for overall effect z = 2.53 (P = .01) 0102 051 2 5 100
QFT- QFT+

B T-SPOT+ T-SPOT-
Study Events* Total Events* Total Odds Ratio OR 95% CI Weight
Kim, 2010 5 65 4 119 —t - 2.40 [0.62;9.25]  25.9%
Kleinert, 2012 15 70 2 774 ——105.27 [23.48;472.06]  25.4%
Triverio, 2009 18 5 37 e—M——— 0.38  [0.043.49]  22.4%
Vassilopoulos, 2011 4 39 10 116 —— 1.21 [0.36; 4.117  26.4%
Random effects model 25 192 21 1046 — 3.45 [0.36532.99] 100.0%
Heterogeneity: 77 = 89%, X3 = 26.78 (P=.01) U bl

: 0102 051 2 5 100

Test for overall effect z = 1.08 (P = .28)

T-SPOT+ T-SPOT:

Figure 4. Meta-Analysis of Studies Showing the Crude Effect of a Positive Interferon-Gamma Release Assay Result on the Risk of Lesions Suggestive of Past Tuberculosis
Infection on Chest Radiography (A) QFT positive versus QFT negative; (B) T-SPOT positive versus T-SPOT negative. Cl indicates confidence interval; IGRA, interferon-gamma
release assay; QFT, QuantiFERON Gold in-tube; T-SPOT, T-SPOT.TB. Asterisk indicates number of individuals with findings on chest radiography consistent with past tuber-

culosis infection.

more inclined to register minor lesions in individuals with a posi-
tive TST/IGRA result when compared to individuals with a known
negative TST/IGRA result. Although this review showed that

blinding did not significantly affect the effect size, this conclusion
must be interpreted with some caution as the number of studies in
which the radiologist was unaware of TST/IGRA result was small.

A 0 B 0 7
>
BRIk
0.199 e e 0.371 ‘
5 5
8 8 ¢
E 0.398 i ¢
g 0.3¢ s 0.743
g g
< <
7 7
0.597 ' 1114
- 1
-
0.796 . 1485 E .
—-1 0 1 2 —2 0 2 4
Log odds ratio Log odds ratio
Figure 5.  Funnel Plot by Diagnostic Category (A) Studies defining LTBI by QuantiFERON Gold in-tube positivity; (B) Studies defining latent tuberculosis infection (LTBI) by

tuberculin skin test > 10 mm.
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Table 2. Pooled Proportions of Individuals With Latent Tuberculosis Infection and Specified Lesions on Chest Radiography

Heterogeneity

(Pooled) Proportion of Individuals With Lesions on CXR® (95% Cl)

N Individuals®

N Studies [reference number]

Characteristics

Patients with LTBI
Pleural thickening

95%, t? = 0.004
12 = 99%, 1 = 0.029

12 =

0.02 (0.01; 0.03)
0.07 (0.02; 0.15)
0.01 (0.00; 0.02)
0.02 (0.01; 0.05)

12 883

9[19-21, 23, 26, 27, 33, 37, 39]
7 [19-21, 23, 26, 33, 39]
6 [19-21, 23, 33, 39]

7108
6573
7108

Calcified nodule

12 =

Noncalcified nodule

86%, t° = 0.002

96%, v° = 0.007

|2

7 [19-21, 23, 26, 33, 39]

Fibrotic scarring

Patients without LTBI
Pleural thickening

96%, v° = 0.007

P=
NE

0.01 (0.00; 0.04)

3039

237 391
1[39]
1139
1[39]

568
568
568

Calcified nodule

NE

Noncalcified nodule

NE

Fibrotic scarring

Abbreviations: CXR, chest radiography; LTBI, latent tuberculosis infection; NE, not estimated.

# Number of individuals with LTBI based on tuberculin skin test or interferon gamma release assay result.

5 Only pooled if more than 1 study examined a certain characteristic.

In clinical practice, it is often sufficient to diagnose or ex-
clude recently acquired LTBI by immunological testing with
TST/IGRA. In possibly recently infected individuals, such as
contacts of a smear-positive TB index case, CXR is primarily
performed to detect or exclude active TB and possible radiolog-
ical signs of past TB infection are not contributive. In contrast,
when the goal of CXR is detection of past infection with Mtb
(eg, in the setting of screening before initiating immunosup-
pressive therapy), TST/IGRA sensitivity for LTBI is reduced
and CXR lesions indicative of past LTBI may be the only pos-
itive finding and, thus, have therapeutic consequences. One
retrospective cohort study demonstrated that individuals with
LTBI-CXR lesions were more likely to develop posttransplant
TB (2 of 33 individuals with vs 2 of 387 without lesions on CXR)
[48]. Interestingly, both individuals with lesions had a negative
TST during screening, illustrating the clinical relevance of CXR
in pretransplant screening for LTBI. However, it remains to be
determined which particular lesions are sufficiently specific for
LTBI in order to justify preventive treatment. Therefore, it is
important to carefully weigh the trade-off between the benefits
of reducing the risk of progression to active TB and the harms
of toxic side effects due to unjust preventive treatment. In this
regard, in an assessment of CXR blinded to TST and IGRA re-
sults, 2 lesions were identified as highly specific for LTBI (ie, ab-
sent in most or all individuals with negative TST/IGRA), being
a fibrotic scar > 2 cm? and a calcified nodule > 1.5 mm [49].
However, further study is needed to corroborate this finding in
various settings. Whereas the sensitivity of the CXR for past TB
infection is limited, being around 15% in this review, the po-
tential of computed tomography (CT) imaging in screening for
LTBI was demonstrated by 2 previous studies, which showed
that lesions suggestive of past TB infection on CT were in high
concordance with positive IGRA results [50, 51]. However, CT
is more expensive, has a higher radiation load, and might yield
a higher number of false positive results compared to CXR, un-
less it can be made clear which type of lesions are sufficiently
specific for past TB infection.

In conclusion, this systematic review and meta-analysis
found that lesions on CXR suggestive of a previous TB infec-
tion—even though these were often poorly defined—were sig-
nificantly associated with positive tests for LTBI. The findings
of this study can contribute to evidence-based decision-making
in the screening for LTBI in individuals at highest risk of de-
veloping active TB, although further study is needed to clarify
which particular radiological findings are sufficiently specific
for LTBL

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.

Detection of Latent TB on Chest X-Ray « OFID « 11

$202 I4dy 2| uo 1senb Aq 9691 ¥GG/E L £240///9/8|01ME/pYO/W 0D dNodlWBpeIE.//:SARY WOl papeojumoq



Acknowledgments

Financial support. This work was supported by the European
Commission’s HORIZON2020’s research project, TBVAC2020 consortium,
a project to diversify the current TB vaccine and biomarker pipeline (no.
643381 to T.H.M.O.). The text represents the authors’ views and does not
necessarily represent a position of the Commission who will not be liable
for the use made of such information.

Potential conflicts of interest. All authors: No reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Leung CC, Rieder HL, Lange C, Yew WW. Treatment of latent infection with
Mycobacterium tuberculosis: update 2010. Eur Respir ] 2011; 37:690-711.

. Horsburgh CR Jr. Priorities for the treatment of latent tuberculosis infection in

the United States. N Engl ] Med 2004; 350:2060-7.

. Solovic I, Sester M, Gomez-Reino JJ, et al. The risk of tuberculosis related to tu-

mour necrosis factor antagonist therapies: a TBNET consensus statement. Eur
Respir ] 2010; 36:1185-206.

. Bumbacea D, Arend SM, Eyuboglu E et al. The risk of tuberculosis in transplant

candidates and recipients: a TBNET consensus statement. Eur Respir J 2012;
40:990-1013.

. Sester M, van Leth E Bruchfeld J, et al; Tuberculosis Network European Trials

Group. Risk assessment of tuberculosis in immunocompromised patients.
A TBNET study. Am J Respir Crit Care Med 2014; 190:1168-76.

. Carmona L, Gémez-Reino JJ, Rodriguez-Valverde V, et al; BIOBADASER Group.

Effectiveness of recommendations to prevent reactivation of latent tuberculosis
infection in patients treated with tumor necrosis factor antagonists. Arthritis
Rheum 2005; 52:1766-72.

. Raval A, Akhavan-Toyserkani G, Brinker A, Avigan M. Brief communication:

characteristics of spontaneous cases of tuberculosis associated with infliximab.
Ann Intern Med 2007; 147:699-702.

. Hasan T, Au E, Chen S, Tong A, Wong G. Screening and prevention for latent

tuberculosis in immunosuppressed patients at risk for tuberculosis: a systematic
review of clinical practice guidelines. BMJ Open 2018; 8:¢022445.

. British Thoracic Society Standards of Care Committee. BTS recommenda-

tions for assessing risk and for managing Mycobacterium tuberculosis infection
and disease in patients due to start anti-TNF-alpha treatment. Thorax 2005;
60:800-5.

Nederlandse Vereniging van Artsen voor Longziekten en Tuberculose.
Tuberculose en TNF-a blokkerende therapie. https://www.nvalt.nl/kwaliteit/
richtlijnen/overige-relevante-documenten//Tuberculose/NVALT-Statement-
Tuberculose-en-TNF-a-blokkerende-therapie%20April%202014.pdf. Published
April 2014. Accessed March 20, 2019.

Australian Rheumatology Association. Screening for Latent Tuberculosis Infection
(LTBI) and its management in inflammatory arthritis patients. 2018. https://rheu-
matology.org.au/gps/documents/SCREENINGFORLATENTTUBERCULOSISIN
FECTION_Jan18.pdf. Published January 2018. Accessed March 20, 2019.

Singh JA, Saag KG, Bridges SL Jr, et al. 2015 American College of Rheumatology
guideline for the treatment of rheumatoid arthritis. Arthritis Rheumatol 2016;
68:1-26.

World Health Organization. Latent Tuberculosis Infection: Updated and
Consolidated Guidelines for Programmatic Management. Geneva: World Health
Organization; 2018.

Targeted tuberculin testing and treatment of latent tuberculosis infection. This of-
ficial statement of the American Thoracic Society was adopted by the ATS Board
of Directors, July 1999. This is a Joint Statement of the American Thoracic Society
(ATS) and the Centers for Disease Control and Prevention (CDC). This state-
ment was endorsed by the Council of the Infectious Diseases Society of America.
(IDSA), September 1999, and the sections of this statement. Am ] Respir Crit
Care Med 2000; 161:5221-47.

Grzybowski S, Fishaut H, Rowe J, Brown A. Tuberculosis among patients with
various radiologic abnormalities, followed by the chest clinic service. Am Rev
Respir Dis 1971; 104:605-8.

Mobher D, Liberati A, Tetzlaff ], Altman DG; PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLOS
Med 2009; 6:e1000097.

National Heart Lung and Blood Institute. Quality assessment tool for obser-
vational cohort and cross-sectional studies, 2014. https://www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools. Accessed March 20, 2019.

Bailey WC, Sellers CA, Lantz SO, Hardy GE Jr. Chest radiographs during isoni-
azid therapy. Am Rev Respir Dis 1977; 115:877-8.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Eisenberg RL, Romero J, Litmanovich D, Boiselle PM, Bankier AA.
Tuberculosis: value of lateral chest radiography in pre-employment screening
of patients with positive purified protein derivative skin test results. Radiology
2009; 252:882-7.

Eisenberg RL, Pollock NR. Low yield of chest radiography in a large tuberculosis
screening program. Radiology 2010; 256:998-1004.

Eisenberg RL, Heidinger BH. Low yield of chest radiography in general inpatients
and outpatients with “Positive PPD” results in a country with low prevalence of
TB. Acad Radiol 2017; 24:846-50.

Gershon AS, McGeer A, Bayoumi AM, Raboud J, Yang J. Health care workers and
the initiation of treatment for latent tuberculosis infection. Clin Infect Dis 2004;
39:667-72.

Gottridge JA, Meyer BR, Schwartz NS, Lesser RS. The nonutility of chest roent-
genographic examination in asymptomatic patients with positive tuberculin test
results. Arch Intern Med 1989; 149:1660-2.

Kunimoto D, Der E, Beckon A, et al. Use of the QuantiFERON-TB Gold test
to confirm latent tuberculosis infection in a Canadian tuberculosis clinic. Int J
Tuberc Lung Dis 2009; 13:726-30.

Manadan AM, Joyce K, Sequeira W, Block JA. Etanercept therapy in patients with
a positive tuberculin skin test. Clin Exp Rheumatol 2007; 25:743-5.

Meyer M, Clarke P, O’'Regan AW. Utility of the lateral chest radiograph in the
evaluation of patients with a positive tuberculin skin test result. Chest 2003;
124:1824-7.

Nolan CM, Elarth AM. Tuberculosis in a cohort of Southeast Asian Refugees.
A five-year surveillance study. Am Rev Respir Dis 1988; 137:805-9.

Bonfiglioli KR, Ribeiro AC, Moraes JC, et al. LTBI screening in rheumatoid ar-
thritis patients prior to anti-TNF treatment in an endemic area. Int ] Tuberc Lung
Dis 2014; 18:905-11.

Christopoulos AI, Diamantopoulos AA, Dimopoulos PA, Goumenos DS,
Barbalias GA. Risk factors for tuberculosis in dialysis patients: a prospective
multi-center clinical trial. BMC Nephrol 2009; 10:36.

Costantino E de Carvalho Bittencourt M, Rat AC, et al. Screening for latent tuber-
culosis infection in patients with chronic inflammatory arthritis: discrepancies
between tuberculin skin test and interferon-y release assay results. ] Rheumatol
2013; 40:1986-93.

Foster R, Ferguson TW, Rigatto C, et al. A retrospective review of the two-step
tuberculin skin test in dialysis patients. Can ] Kidney Health Dis 2016; 3:28.
Jeong Y], Yoon S, Koo HK, et al. Positive tuberculin skin test or interferon-gamma
release assay in patients with radiographic lesion suggesting old healed tubercu-
losis. ] Korean Med Sci 2012; 27:761-6.

Joshi R, Patil S, Kalantri S, Schwartzman K, Menzies D, Pai M. Prevalence of ab-
normal radiological findings in health care workers with latent tuberculosis infec-
tion and correlations with T cell immune response. PLOS ONE 2007; 2:¢805.
Katsenos S, Nikolopoulou M, Gartzonika C, et al. Use of interferon-gamma re-
lease assay for latent tuberculosis infection screening in older adults exposed to
tuberculosis in a nursing home. ] Am Geriatr Soc 2011; 59:858-62.

Kim SH, Lee SO, Park IA, et al. Diagnostic usefulness of a T cell-based assay for la-
tent tuberculosis infection in kidney transplant candidates before transplantation.
Transpl Infect Dis 2010; 12:113-9.

Kleinert S, Tony HP, Krueger K, et al. Screening for latent tuberculosis infection:
performance of tuberculin skin test and interferon-y release assays under real-life
conditions. Ann Rheum Dis 2012; 71:1791-5.

Roelsgaard E, Nyboe J. A tuberculosis survey in Kenya. Bull World Health Organ
1961; 25:851-70.

Seyhan EC, Sokiicii S, Altin S, et al. Comparison of the QuantiFERON-TB Gold
In-Tube test with the tuberculin skin test for detecting latent tuberculosis infec-
tion in hemodialysis patients. Transpl Infect Dis 2010; 12:98-105.

Sichletidis L, Settas L, Spyratos D, Chloros D, Patakas D. Tuberculosis in patients
receiving anti-TNF agents despite chemoprophylaxis. Int ] Tuberc Lung Dis 2006;
10:1127-32.

Tafuri S, Martinelli D, Melpignano L, et al. Tuberculosis screening in migrant
reception centers: results of a 2009 Italian survey. Am J Infect Control 2011;
39:495-9.

Triverio PA, Bridevaux PO, Roux-Lombard P, et al. Interferon-gamma release as-
says versus tuberculin skin testing for detection of latent tuberculosis in chronic
haemodialysis patients. Nephrol Dial Transplant 2009; 24:1952-6.

Vassilopoulos D, Tsikrika S, Hatzara C, et al. Comparison of two gamma inter-
feron release assays and tuberculin skin testing for tuberculosis screening in a
cohort of patients with rheumatic diseases starting anti-tumor necrosis factor
therapy. Clin Vaccine Immunol 2011; 18:2102-8.

Wauters A, Peetermans WE, Van den Brande P, et al. The value of tuberculin skin
testing in haemodialysis patients. Nephrol Dial Transplant 2004; 19:433-8.

Jeong Y], Lee KS. Pulmonary tuberculosis: up-to-date imaging and management.
AJR Am ] Roentgenol 2008; 191:834-44.

o OFID « Uzorka et al

$202 I4dy 2| uo 1senb Aq 9691 ¥GG/E L £240///9/8|01ME/pYO/W 0D dNodlWBpeIE.//:SARY WOl papeojumoq


https://www.nvalt.nl/kwaliteit/richtlijnen/overige-relevante-documenten//Tuberculose/NVALT-Statement-Tuberculose-en-TNF-a-blokkerende-therapie%20April%202014.pdf
https://www.nvalt.nl/kwaliteit/richtlijnen/overige-relevante-documenten//Tuberculose/NVALT-Statement-Tuberculose-en-TNF-a-blokkerende-therapie%20April%202014.pdf
https://www.nvalt.nl/kwaliteit/richtlijnen/overige-relevante-documenten//Tuberculose/NVALT-Statement-Tuberculose-en-TNF-a-blokkerende-therapie%20April%202014.pdf
https://rheumatology.org.au/gps/documents/SCREENINGFORLATENTTUBERCULOSISINFECTION_Jan18.pdf
https://rheumatology.org.au/gps/documents/SCREENINGFORLATENTTUBERCULOSISINFECTION_Jan18.pdf
https://rheumatology.org.au/gps/documents/SCREENINGFORLATENTTUBERCULOSISINFECTION_Jan18.pdf
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

45.

46.

47.

48.

Dannenberg AM Jr. Pathogenesis of pulmonary tuberculosis. Am Rev Respir Dis
1982; 125:25-9.

Khan AN, Al-Jahdali HH, Allen CM, Irion KL, Ghanem SA, Koteyar SS. The cal-
cified lung nodule: what does it mean? Ann Thorac Med 2010; 5:67-79.

Solsona Peir6 J, de Souza Galvao ML, Altet Gémez MN. Inactive fibrotic lesions
versus pulmonary tuberculosis with negative bacteriology. Arch Bronconeumol
2014; 50:484-9.

Benito N, Sued O, Moreno A, et al. Diagnosis and treatment of latent tuberculosis infec-
tion in liver transplant recipients in an endemic area. Transplantation 2002; 74:1381-6.

49.

50.

51.

Uzorka JW, Kroft LJM, Bakker JA, et al. Abnormalities suggestive of latent tuber-
culosis infection on chest radiography; how specific are they? ] Clin Tuberc Other
Mycobact Dis 2019; 15. doi: 10.1016/j.jctube.2019.01.004.

LyuJ, Lee SG, Hwang S, et al. Chest computed tomography is more likely to show
latent tuberculosis foci than simple chest radiography in liver transplant candi-
dates. Liver Transpl 2011; 17:963-8.

Song DJ, Tong JL, Peng JC, et al. Tuberculosis screening using IGRA and chest
computed tomography in patients with inflammatory bowel disease: a retrospec-
tive study. ] Dig Dis 2017; 18:23-30.

Detection of Latent TB on Chest X-Ray « OFID « 13

$202 I4dy 2| uo 1senb Aq 9691 ¥GG/E L £240///9/8|01ME/pYO/W 0D dNodlWBpeIE.//:SARY WOl papeojumoq



