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ABSTRACT  Chest radiography for the diagnosis of active pulmonary tuberculosis (PTB) is limited by
poor specificity and reader inconsistency. Scoring systems have been employed successfully for improving
the performance of chest radiography for various pulmonary diseases. We conducted a systematic review to
assess the diagnostic accuracy and reproducibility of scoring systems for PTB.

We searched multiple databases for studies that evaluated the accuracy and reproducibility of chest
radiograph scoring systems for PTB. We summarised results for specific radiographic features and scoring
systems associated with PTB. Where appropriate, we estimated pooled performance of similar studies using
a random effects model.

13 studies were included in the review, nine of which were in low tuberculosis (TB) burden settings. No
scoring system was based solely on radiographic findings. All studies used systems with various
combinations of clinical and radiological features. 11 studies involved scoring systems that were used for
making decisions concerning hospital respiratory isolation. None of the included studies reported data on
intra- or inter-reporter reproducibility. Upper lobe infiltrates (pooled diagnostic OR 3.57, 95% CI 2.38—
5.37, five studies) and cavities (diagnostic OR range 1.97-25.66, three studies) were significantly associated
with PTB. Sensitivities of the scoring systems were high (median 96%, IQR 93-98%), but specificities were
low (median 46%, IQR 35-50%).

Chest radiograph scoring systems appear useful in ruling out PTB in hospitals, but their low specificity
precludes ruling in PTB. There is a need to develop accurate scoring systems for people living with HIV and
for outpatient settings, especially in high TB burden settings.
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Introduction

Despite early diagnosis being a key principle of tuberculosis (TB) control, in 2010 the global case detection
rate for all forms of TB was only 65% [1]. Limitations of existing diagnostic tests are considered to
contribute to the low case detection rate [1]. Sputum smear microscopy and chest radiography are two of
the most commonly used tests for TB in most high TB burden countries. Smear microscopy has low
sensitivity and fails to detect nearly half of all TB cases [2]. Smear microscopy is of particularly limited value
in extrapulmonary TB, children, and people living with HIV (PLWH).

Chest radiography is a rapid test that has been used for over a century to diagnose pulmonary TB (PTB) [3].
Chest radiography can be performed at the point-of-care and incorporated into screening and diagnostic
algorithms, usually as an add-on test to smear microscopy among persons with possible PTB, or as a
screening test among specific populations, such as immigrants from high-burden TB settings. While chest
radiography is acknowledged to have high sensitivity for detecting pulmonary abnormalities, its use for
diagnosing PTB has been limited by modest specificity, and high inter- and intra-observer differences in
reporting of radiographs [4]. Consequently, the probability of diagnosing active PTB based on a chest
radiograph is dependent on the reader and not well standardised.

An analogous impediment to the use of chest radiography for the diagnosis of occupational lung diseases was
overcome by the development of standardised methods for the reading of chest radiographs, a system that is
now employed successfully by the International Union Against Cancer, the International Labour
Organization, and the US National Institute for Occupational Safety and Health [5, 6]. Scoring systems
have also been developed for grading the severity and extent of pulmonary disease among patients with cystic
fibrosis [7], and form part of the lung injury score for assessing the severity of adult respiratory distress
syndrome [8]. Similarly, a standardised scoring system for PTB that assigns weights to specific features of chest
radiographs consistent with PTB, if accurate and reproducible, could potentially augment TB case detection
rates using largely pre-existing resources. Such a standardised scoring system for PTB also has the potential to
be combined with newer nucleic acid amplification tests, such as Xpert MTB/RIF (Cepheid, Sunnyvale, CA,
USA) [9], either as a triage test to reduce costs or as an add-on test in Xpert MTB/RIF negative persons.

A systematic review of clinical prediction rules for isolating inpatients with suspected PTB was published in
2005 [10], but to our knowledge, no previous systematic reviews have assessed the performance of radiography
scoring systems for PTB. Therefore, we carried out a systematic review to estimate the diagnostic accuracy of
scoring systems using chest radiograph features for active PTB in patients with possible disease. A secondary
objective was to assess the reproducibility of chest radiograph scoring systems for PTB.

Methods

We followed the guidelines for systematic reviews of diagnostic test accuracy recommended by the
Cochrane collaboration diagnostic test accuracy working group, including writing a detailed protocol before
starting the review [11, 12].

We aimed to include randomised controlled trials and observational studies of all study designs (i.e. cross-
sectional, case—control and cohort) that assessed the performance of radiographic scoring systems for the
diagnosis of PTB. We included studies that reported data from which we could extract true positive, true
negative, false positive, and false negative values for determining sensitivity and specificity estimates, as well
as studies that only reported summary measures of diagnostic accuracy (defined below).

Participants were patients with possible PTB who were >15 years old. We restricted studies to those that
included a minimum of 10 patients with TB. With the aim of evaluating patients similar to those who
present in routine clinical practice, we excluded studies that exclusively involved specific patient groups,
such as patients with pneumoconioses, malignancies (both haematological and solid organ) and immune-
mediated inflammatory disease, and patients on haemodialysis. We also excluded studies that investigated
asymptomatic contacts of TB patients.

The index test was any chest radiograph scoring system, with the comparator being no chest radiograph
scoring system.

The target condition was TB of the pulmonary parenchyma, pleura and intrathoracic lymph nodes. We
included miliary TB if the disease involved either pulmonary parenchyma or multiple sites, one of which
was the lung.

We considered liquid or solid culture as the reference standard for active PTB.

A radiograph scoring system was defined as a system that assigned numerical weights to specific features of
chest radiographs consistent with PTB (such as cavitary lesions), with or without the presence of clinical
findings.
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Sensitivity is the proportion of patients with PTB who are correctly identified by the scoring system. Specificity
is the proportion of patients without PTB who are correctly identified by the scoring system.
Positive predictive value (PPV) is the proportion of patients considered positive by the scoring system
who are correctly diagnosed with PTB. Negative predictive value (NPV) is the proportion of patients
considered negative by the scoring system who are correctly diagnosed without PTB.

Diagnostic odds ratio (DOR) is the odds of a patient with PTB having a specific clinical or radiographic
feature divided by the odds of a participant without PTB having the same clinical or radiographic feature.

Reproducibility refers to agreement of the scoring system when a chest radiograph is read more than once.
Agreement could either be “intra-reader”, when the same person reads the chest radiograph more than
once, blinded to his or her previous reading, or “inter-reader”, when two or more people read the same
chest radiograph. Agreement is a reflection of the repeatability of a test (the scoring system) and is
independent of the accuracy of the test.

Search methods for identification of studies

We searched MEDLINE (1946 to August 30, 2012), EMBASE (1947 to August 30, 2012) and Web of Science
(1899 to August 30, 2012) for relevant articles, using published filters for diagnostic tests to improve
sensitivity [13, 14]. We used the terms sensitiv*[tw] OR diagnos*[tw] OR di [fs] AND radiograph*[MeSH]
OR chest xray[tw] OR mass chest x-Ray[MeSH] OR photofluorograph*[tw] OR scor*[tw] AND
tuberculosis(sub-headings: lymph node/miliary/multidrug-resistant/Pleural/Pulmonary) [MeSH] OR
Mycobacterium tuberculosis [MeSH]. The detailed search strategy can be found in the online supplementary
material. We also reviewed the reference lists of included articles and review articles identified through the
search, and hand-searched World Health Organization reports.

Selection of studies

Initially, two review authors (L.M. Pinto and K.R. Steingart) independently scrutinised titles and abstracts
in English, French and Spanish for eligibility. Citations deemed relevant by either reviewer were selected and
the papers retrieved for full-text review. Next, each eligible article was independently assessed by two
reviewers (L.M. Pinto and K.R. Steingart) against the selection criteria. Disagreements were resolved by
discussion between the reviewers. A list of excluded studies with their reasons for exclusion was maintained.

Assessment of study quality

Two reviewers (L.M. Pinto and K.R. Steingart) independently assessed study quality using the core set of 11
items from Quality Assessment of Diagnostic Accuracy Studies (QUADAYS), a validated tool to evaluate the
presence of bias and variation in diagnostic accuracy studies [15]. As recommended, each item was scored
as “yes”, “no”, or “unclear”.

Data extraction

Two review authors (L.M. Pinto and K.R. Steingart) independently extracted the data from each study,
using a data extraction form that was piloted and then finalised based on the experience gained from the
pilot. Disagreements were resolved by discussion. Data were extracted for various characteristics, including
the following: author; publication year; study design; country income status classified by the World Bank
List of Economies, World Bank 2012 data [16]; two-by-two tables (with cells documenting true positives,
false negatives, false positives and true negatives for the diagnostic test) of individual radiographic features;
and details of the scoring systems and their performance characteristics. The data extraction form is
included in the online supplementary material.

Statistical analysis

Data from the two-by-two tables were used to calculate sensitivity and specificity estimates for the scoring
system for individual studies, along with their 95% confidence intervals at cut-offs determined by the study
authors (mostly based on optimal sensitivities and specificities using receiver operator characteristic
curves). Forest plots were generated to display sensitivity and specificity estimates using Meta-Disc (version
1.4) [17]. DORs for specific radiographic features associated with PTB were determined when data were
provided. Heterogeneity was assessed by visual inspection of forest plots and the degree of heterogeneity
measured by the I-squared statistic (I*). DORs for specific radiographic features were pooled only if the
radiographic features and patient populations were similar across studies and I <75%. Meta-analysis was
performed using a random effects approach, to account for the variability across studies and to derive
conservative assessments of the uncertainty in the estimates [18], using Meta-Disc (version 1.4) [17].
Formal assessment of publication bias, using methods such as funnel plots or regression tests, was not
performed because such techniques have not been found to be useful for diagnostic data [19]. An estimation
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of language bias was attempted by retrieving citations from the search strategy with and without a language
filter, and the “filtered” citations were reported as a percentage of the overall citations retrieved.

Results

We identified 12 883 citations, of which 9137 unique articles were identified after exclusion of duplicate
articles. We conducted the search with and without the language filters to assess the degree of bias, and
found that our search strategy with language filters included 81% of all studies. After screening titles and
abstracts, 187 articles were found to satisfy the criteria for further review and their full-texts were retrieved.
After full-text review, 174 articles were excluded for various reasons and 13 articles (all observational
studies) were included in the systematic review (fig. 1) [20-32].

Included studies

We did not identify any scoring system that was based exclusively on radiographic criteria. Of the 13
included studies, 12 studies involved scoring systems that combined clinical and radiographic features [20—
31] and one study involved validation of 13 clinical prediction rules for inpatient respiratory isolation [32].
This study was included as it retrospectively applied prediction rules from six studies identified by our
systematic review to a group of eligible participants with symptoms suggestive of PTB. This study also tested
rules that were derived from seven other studies, which were excluded from our systematic review as they
did not satisfy our reference standard [33, 34] or did not use specific features visualised on the chest
radiograph as part of the scoring system [35-39]. Table 1 lists the characteristics of the 12 included original
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T MEDLINE n=4080 EMBASE n=6333 through other sources
= Web of Science n=2470 (n=311)
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FIGURE 1 PRISMA flow diagram for included and excluded studies. CXR: chest radiograph.
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TABLE 1 Characteristics of the included studies

Study Country Setting Eligible patients with Study design Inclusion criteria Chest radiograph
possible PTB n (%) reader
Studies that included all patients with possible TB
Bock et al. [20], USA Inpatient 295 (78) Cross-sectional, Patients with active TB, Patients with TB in the Radiologist
1996 retrospective differential diagnosis, AFB smears and cultures
ordered, HIV positive with abnormal CXR
EL-soLH et al. USA Inpatient 286 (100)° Cross-sectional All isolated patients, based on symptoms, prior Radiologist and
[21], 1997 history of TB exposure, HIV status, medical and social pulmonologist
risk factors, and radiographic findings
EL-soLH et al. USA Inpatient 119 (100)° Cross-sectional All patients in whom AFB smear and culture were Radiologist and
[22], 1999 requested pulmonologist
MoraN et al. USA Inpatient 2535 (91)° Cross-sectional Admission diagnosis of pneumonia or suspected TB Emergency medicine
[23], 2009 resident
MyLoTTE et al. USA Inpatient 220 (100)° Cross-sectional All patients in whom an AFB smear and culture was Not reported
[24], 1997 requested by the admitting physician
SoLARI et al. Peru Inpatient 345 (71) Cross-sectional Productive cough for >1 week or cough of any Internist, internal
[25], 2008 duration and: fever >3 weeks or weight loss of at medicine resident

Studies that only included smear-negative patients with possible PTB

least 3 kg in the previous month or night sweats or
haemoptysis or differential diagnosis of PTB from
attending physician

LAGRANGE- France Inpatient 134 (100) Cross-sectional Suspected TB, as recommended by French guidelines
XELoT et al.
[26], 2010
Soto et al. [27], Peru Inpatient 262 (100) Cross-sectional Cough >1 week and one or more of the following:
2008 fever, weight loss >4 kg in 1 month, breathlessness,
constitutional symptoms (malaise or hyporexia for a
minimum of 2 months)
Sorto et al. [28], Peru Outpatient 663 (97) Cross-sectional Cough >2 weeks and one or more of the following:
2011 fever, weight loss, breathlessness
WISNIVESKY et al. USA Inpatient 112 (100) Case-control Cases: isolated TB patients. Controls: randomly
[30], 2000 selected from a log of patients who submitted smears
and cultures matched on age (+3 years), sex and
year of presentation, three smears negative, culture
negative and isolated in a hospital
WisNIVESKY et al. USA Inpatient 516 (100) Cross-sectional Patients admitted and isolated because of suspicion
[291, 2005 of PTB

Study that included only HIV-uninfected patients with possible PTB
Rakoczy et al. USA Inpatient 280 (100)"
[31], 2008

Study that validated six of the scoring systems described above
SoLARI et al. Peru Inpatient 345 (71)
[321, 2011*

Case-control

Cross-sectional

Cases: all TB inpatients. Controls: all inpatients
placed under airborne precautions with negative
smears and cultures matched with cases on time of
admission (+6 days)

Productive cough for >1 week or cough of any
duration and: fever >3 weeks or weight loss of at
least 3 kg in the previous month or night sweats or
haemoptysis or differential diagnosis of PTB from
attending physician

Not reported

Not reported

1) General practitioner,
2) TB specialist, tie
breaker: experienced
radiologist
1) Radiologist 2)
Radiologist

Not reported

Not reported

Internist, internal
medicine resident

PTB: pulmonary TB; TB: tuberculosis; AFB: acid-fast bacilli; CXR: chest radiograph. #: The study by SoLARI et al. [32] applied various scoring systems to the same cohort of patients as
the study by SoLari et al. [25]; ¥: Studies had derivation and validation cohorts. The number of patients with possible TB represents those in the validation cohorts.

studies, containing a total of 5767 participants, and the single study that validated six of these scoring
systems (validated in 345 participants). The median number of individuals with possible PTB included in
the studies was 283 (interquartile range 177-431).

Seven studies included all patients with possible PTB [20-25, 32], five studies included patients with
possible PTB who were found to have negative sputum smears [26-30], and one study specifically excluded
PLWH [31]. Nine studies were performed in high-income countries. Five studies involved radiologists; two
studies included pulmonologists and five studies did not report the specialty of the radiograph reader. The
demographic characteristics of the patients are provided in the online supplementary material. When
reported, the majority of patients were male. Eleven studies included PLWH, who represented 11-61% of
eligible patients.

Excluded studies

We identified two studies that were designed with the aim of deriving a clinical-radiographic scoring system
for PLWH among hospitalised patients found to be sputum smear-negative [40, 41]. Both studies satisfied
the majority of our inclusion criteria, and found the presence of mediastinal adenopathy and cavities to be
significantly associated with PTB in univariate analysis. However, neither of the studies derived a score for
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PTB. The study by LE MINOR et al. [41] concluded that the “numbers were insufficient to develop a score for
TB”, while the study by DavIs et al. [40] stated that “after exhaustive testing, we were unable to identify any
combination of factors which reliably predicted bacteriologically confirmed tuberculosis”.

We also excluded 13 studies that used automated computer-assisted diagnosis as none of these studies used
culture as a reference standard, a criterion for inclusion in this review [42—54]. Five studies that involved the
grading of chest radiographs were excluded, as these studies were designed to grade the severity of PTB
based on the extent of abnormalities visualised on the chest radiograph and not the diagnostic accuracy of
scoring systems [55-59]. We also excluded three studies that used the Chest Radiograph Reading and
Recording System (CRRS) [60-62], despite these studies demonstrating the CRRS tool to have good
reliability for features of PTB visualised on a chest radiograph, as these studies did not use culture as a
reference standard.

Assessment of methodological quality

As seen in figure 2, all the studies suffered from verification bias, as the results of the chest radiograph and/
or the clinical components of the scoring system played a role in the selection of those patients would who
be investigated further with culture, the reference standard. Seven (54%) of the 13 studies did not include a
sample that was considered representative of the target population, as these studies did not enrol all
individuals with possible PTB in a consecutive or random manner, often only including admitted patients
without a suitable control group. Six (46%) studies did not specify whether the person assigning scores to
the patients for the various components of the scoring system was blinded to the results of the reference
standard.

Findings

Studies that included all patients with possible PTB

We identified six studies that included all patients with possible PTB [20-25]. All studies were performed in
an inpatient setting. All studies were aimed at deriving optimal prediction scores to identify patients who
were likely to have PTB and require respiratory isolation, table 1. In univariate analyses, the most common
radiographic features across studies found to be significantly associated with PTB were upper lobe infiltrates
(pooled DOR 6.65, 95% CI 4.42-10.01; five studies) (fig. 3a), and cavities (DOR range 2.11-10.08; three
studies) (online supplementary material).

The details of the parameters included in the scores and their respective weights are summarised in
table 2, along with the performance characteristics of the scoring system and the final rule to aid in
decision-making. The studies used several different methods to derive weights for the scoring system:
logistic regression of the parameters found significant by univariate analysis (three studies); classification
and regression tree analysis (one study) [21]; general regression neural network analysis (one study) [22];
and Chi-squared recursive partitioning (one study) [23]. All six studies achieved a sensitivity of the
scoring system greater than 80% (median 95%, range 81-100%). For the five studies that reported
specificity data, specificity estimates were low (median 42%, range 22-72%), suggesting a poor rule-in
value for PTB.

Figure 4 shows forest plots of sensitivities and specificities of the scoring systems reported in individual
studies. We did not pool estimates because of the differences in the scoring systems.

Studies that only included patients with possible PTB who were found to be sputum smear negative
We identified five studies in this category [26-30]. Four studies were conducted in an inpatient setting for
the purpose of determining a clinical rule for respiratory isolation [26, 27, 29, 30]; while one study was
performed in an outpatient setting [28] (table 1). As with the previously described set of studies that
included all patients with possible PTB, in the univariate analysis the most common radiographic features
across studies found to be associated with PTB were upper lobe infiltrates (pooled DOR 3.57, 95% CI 2.38—
5.37; five studies) (fig. 3b), and cavities (DOR range 1.97-25.66; three studies). We did not pool estimates
based on scoring systems because of the differences in these scoring systems (online supplementary
material).

To derive weights for the scoring system two studies used logistic regression of the parameters found
significant in the univariate analysis [27, 30], while three studies involved validation of previous studies [26,
28, 29]. One of the validation studies used bootstrapping, which is a resampling method aimed at
improving the internal validity of the data [27]. All studies achieved a sensitivity of the scoring system
greater than 93% (median 96%, range 93-98%). However, specificity estimates were low (median 35%,
range 14-50%), again suggesting a poor rule-in value for PTB (fig. 5). We did not consider these scoring
systems to be similar and therefore, did not pool the accuracy estimates.
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FIGURE 2 Quality assessment of the included studies using the Quality Assessment of Diagnostic Accuracy Studies tool.

One study, performed in an inpatient setting, excluded PLWH (table 1) [31]. Logistic regression was used
to derive weights for the score, but the study also validated the score derived by WISNIVESKY et al. [30]. This
study found a sensitivity of 97% and specificity of 42% (table 2).

Study that validated various clinical prediction rules

One study evaluated 13 different clinical prediction rules (identified though a comprehensive literature
search) for the respiratory isolation of inpatients with suspected PTB [32]. As noted above, six of the 13
prediction rules met criteria for inclusion in our review. The authors applied the various rules,
retrospectively, to emergency room patients who had been included in an earlier study [25] (this study is
included in the current systematic review) to derive a scoring system for PTB. Similar to the original studies,
the validation study found that most scoring systems had poor specificity for PTB. A comparison of the
performance characteristics of the six scoring systems in their respective derivation studies, and in the
validation study is provided in table 3.

Reproducibility
None of the included studies reported data on intra-reporter or inter-reporter reproducibility.

Discussion

We conducted this systematic review with the aim of assessing the diagnostic accuracy of standardised
radiographic scoring systems for the diagnosis of PTB, and whether standardisation improves the
performance of chest radiography. Our review failed to find any study that exclusively relied on
radiographic features to derive a score, and all the included studies combined defined radiographic criteria
with different clinical criteria. While the aim of the review was to assess the utility of radiographic
scoring systems as diagnostic tools, especially in low-income, high-TB burden outpatient settings
where such systems would be extremely beneficial if accurate, there appears to be a dearth of such studies.
Most of the included studies were hospital-based, decision-to-isolate studies in high-income, low-TB
burden settings.

Patients with PTB can generate up to 44 quanta of TB bacilli per hour (one quantum is defined as the
infectious dose) [63], highlighting the necessity for rapid respiratory isolation of patients with PTB in the
hospital setting. Yet, the unnecessary respiratory isolation of patients considerably increases costs to the
healthcare system [64] and in resource-limited settings, where isolation beds may be in short supply,
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o
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a
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m Soro et al. [2011) [28] 2.47 (1.71-3.57)
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f:.—‘ﬁ WiSNIVESKY et al. (2005) [29] 3.96 (1.57-9.98)
|
| |
.
‘_‘J Random effects model
Pooled diagnostic OR = 3.57 (2.38-5.37)
Cochran-Q =5.67; df = 4 (p = 0.2249)
0.01 1 100.0 Inconsistency (I-squared) = 29.5%

Diagnostic odds ratio Tau-squared = 0.0647

FIGURE 3 Diagnostic odds ratio for active pulmonary tuberculosis (PTB) with an upper lobe infiltrate visualised on the
chest radiograph. a) Among all patients with possible PTB and b) among smear-negative patients with possible PTB. The
size of each square is proportional to the sample size of the study, such that larger studies are represented by larger
squares. Diamonds represent the pooled estimate for the diagnostic OR. The lines represent the confidence intervals
around the respective estimates. df: degrees of freedom.

unnecessary isolation of some patients may preclude appropriate isolation of others. Scoring systems that
improve the accuracy of decisions to subject patients with possible PTB to respiratory isolation can
considerably improve the efficiency of healthcare systems and utilisation of resources. The scores developed
suffered from low specificity, and had a high rule-out value (median NPV 99%, range 93-100%, values
reported in seven studies) but a poor rule-in value (median PPV 22.5%, range 8-61%, values reported in
eight studies) for PTB. The validation of six of these scores in a separate study reflected the same lack of
specificity. A stratified analysis, by country income status, reflected better performance of scoring systems in
high-income countries compared with middle- and low-income countries, but the improvement was
unlikely to be clinically significant (online supplementary material). However, such scores may still be
useful for limiting the number of patients for whom further investigations would be warranted (as
compared to the use of subjective assessments of chest radiographs, that are known to have extremely poor
specificity, thereby warranting further testing for a greater number of patients suspected of having PTB),
especially among patients who are smear-negative.

The prediction rule developed by WISNIVESKY et al. [30] was validated in four studies, two of which were
conducted in patients who had negative sputum smears. The scoring system consistently demonstrated
sensitivity higher than 92%, but had poor specificity. As a rule-out test, this scoring system appears to be
validated in multiple studies. The study by Soto et al. [28] was a validation study of a score derived by the
same research group in an earlier study [27]. Although the cut-off for the score was modified in the
validation cohort, the scoring system performed well in a subgroup of patients with no prior history of TB.
Four studies considered the patient to be positive for PTB if they had any one of the features present [20, 23,
26, 29, 30] making these systems resemble checklists rather than weighted scoring systems.

We identified only one study that assessed a clinical-radiographic scoring system for outpatients. Our
systematic review also failed to identify a clinical radiographic scoring system for PLWH with possible PTB.
Bock et al. [20] performed a subgroup analysis in PLWH, but found no radiographic feature to be
significantly associated with PTB in this subgroup, a finding that is consistent with the atypical nature of
radiographic manifestations of PTB described among PLWH [65].

487



TUBERCULOSIS | L.M. PINTO ET AL.

6 (€6°6-C°€) ¥9°S ajedyyur aqo) Jaddn (g
S [297-71) 5T Auneg (2
0l (91°€2-6LC) ¥0'8 usened Aenin (9
€ (S6°0-82°0) LG'0 g1d Jo AloisiH (g
S (8L°G-1LS'L) 6LC sso0] bl (7
- sieak |9< 8by (g
(500) L- sJeaf 09-Gg 2by (¢
6080 44 €6 aAisod 159} = €< 24035 0 (660 -96°0) L60 sieah ge> aby (1 8002 ‘[5Z] 1€ 48 vios
8Jods (19 %G6) ¥0oa
| (ce-1) 8l sso] yybiam jo Aloisiy (7
4 (=21 €c aduapIsal A}ide) 1euonda.lo] (g
14 (67-€1) ST abueys yxg pasieso (z
(70°0) € (LL-€) 8'G Jeaws aalysod g4v (1
980 g9 88 aAnisod 159} = €< 24035 84035 (19 %SG6) ¥oa L661 ‘[72] 1€ 319 ALLOTAW
pajetaoJedu| (£
$S9)aWOH (9
Aioysiy g1 aaiisod (§
sso0] 1yblam (7
juedbiuw (g
Bujuoniyed uoneyne] (g
oY 96 anyisod 359} = juasaud /-| jo Auy aAIsundal palenbs-1yg pasn ajedyiyul 1eady (| 600Z '[€2] "1e 19 NvHol
1ewJou ‘usaned Aseniw ‘Buiusydiyy 1eanad
‘uoisnyja jeunaid |eualeyiq ‘uoisnya jeanayd jelsiejiun
‘Ayyedouspe ‘Ajined aqo) Jamo) ‘Ayiaed aqo) Jaddn
‘a)eJ)|jul 8q0) JBMO) ‘B)edlyul 9oy Jaddn
1B3.4q JO SSBULIOYS ‘JDN3)
‘syeams ybiu ‘ybnoo ‘sso) yybiam ‘uied ysayy
3Jomau Ayaiyisod 3s83 upys unnaagny
(820°0) L¥6°0 (LL-S9) CL (00L-L6) 00L § 1ednau uoissalbal jesausb pasn ‘AIH ‘snimaw sajagelp ‘syunod ,vqy ‘aby 6661 '[22] "1e }8 H10s-13
EINME)
1$9) PaJapIsuod aq 0} 85)@ dU0AIaA]
'00¢< 700 pue ssoy
1ybram ou Ji aanebau ys8y = jussaud
JaA8) Inq ‘Juasqe aseasip auoz Jaddn snyjaW saagelq
annebau )s9) = juasqe siskjeue aaJ) s50] 1ybIap
(620°0) 8480 (LS-%%) 06 (00L-8Z) 001 JaAg) pue juasqe aseasip auoz Jaddn uolssalbal pue uoleIlISSE)D pPas aseas|p auoz Jaddn L661 ‘[1Z] 1€ 39 H10s-13
ysed ay} ul Adedayy
(¢8°0-70°0) 810 aAluaAa.d pizeluosi Jo 1odad-)1as (G
jsed ul 59} upys
(10°22-LG"L) L9°S unnauagny aAisod Jo yiodal-§as (v
(cea-Ll)zre g1 SAIIOB Y}IM SUO3WOS MUY (€
(¢971-90°L) €6€ Annes yum X9 (¢
aAIIsod 159) palapIsSuod (15°01-8€2) & ajedyyur aqo Jaddn yum ¥xg (1
18 (G 4o @duasqe ayy ul) v Jo g-| jo Auy (10%56) Y0Q uoissaibai ansibo 9661 '[0Z] "1e 38 Xoog
g1d 21q1ssod yum sjuaned 11e papnidul jeyy salpnis
(3S) anand> #(10 %56) #(10 %56)

ay) Japun eauay

% Kydyads

% A

Isuag

ainy

syejap 1591

ainjeaq Apms

swaishs buliods ydedboiped 3sayd Jo sonsiiaideleyd aduewdoyiad pue sjesq z 3719v.1

10.1183/09031936.00107412

DOlI:

488



TUBERCULOSIS | L.M. PINTO ET AL.

3Q 0} 5|J 3y} 10§ JUBIDIYNS S1aM BJEP 3y} 10 ‘3saY) papiroad Jayyia Apnys paysngnd ayy usym papnidul aue S| %G6 ¢, "g1 Aeuownnd :g1d

‘%¢ 40 @dudjeastd e buiwnsse paiendle] :, ‘[0g] ‘18 18 MSINNSIM Aq padoiansp 8102s By} jo UohepleA | pajeindied

198 3Sej-pioe g4y ‘oljed sppo onsoubelp :40Q ‘sisoinalagny :g ] ‘ydesboipel 3sayd X9

Aysaniusip Aq

8l 96 padojanap 8402S 3y} JO UOIIEPIBA
z- (S7°0-%0°0) €170 Y3eauq Jo SSaUNOYS
4 [Z°L1-9'1) 82°G sbuipuyy auoz Jaddn y¥x9
14 (87€2-172) LO°L yuig ubiaioo
[AIH ueyy Jay3o)
Y (8°1€-80°7) 7L'8 Luoissauddnsounwiu|
9 (7°66-G67C) LZ'0L swojdwiAs d1uolyg 8002
144 L6 aAsod 359} = < 91035 (10 %G6) ¥OQ ‘[LE] 1 19 AzZoONVY
AIH Yum 6uian ardoad papnidxa jeyy Apmis
5002
(07-1€) 5¢ (00L-%L) G6 aA0Qe Se aweg ‘[62] “18 39 AMSIAINSIM
9 (G°LG-LE) 97L yXQJ uo aseasip aqo Jaddn
€ (S5'0-1°0) €0 uoleulwexa 1edishyd uo se)yoel]
9 J.6E< @4njesadwa |
€ 0.6£-G'8¢ aJ4njesadwa ]
0 (S0-10) €0 0.6°gg>a4njesadwa |
€- (S0-L0)C0 Y3eauq Jo SSaUoYs
ysed ul 3s9) upys
g (Lo7-7%) €l unnoaJagny aayisod jo yodad-jag
(65-€€) ¥ Zv2-v9) 6'L swoydwAs d1U0JYd 10 SI0}OBY ¥SId g1 0002
9 (001-G6) 86 aanisod 359} = | < 91035 (10 %G6) ¥OQ ‘[0€] 7€ 3@ ANSIAINSIM
(2°66-5°06) L'€6 (L'0E-67LL) 6°EC
G<< }jo-1nd e}y
(7LL=11) 71 (7°66-G76) 8'L6
0>4j0-1n2 B 1y Ainigeqoud ybiy = g< Apnjs uonepiiea - anoge se awes 110z ‘[82] e 13 o105
V4 (7T 6€-12°2) 1€ ajeayul Aseniw
€ (98°0L-LL) 6277 ajeanyul edldy
L- (6°0-71°0) G€'0 uoljeso}dadxy
14 L= (L0°€-10°L) 10T sJeak gy< aby
7< §§0-1Nd B 3y l (€7°9-98°0) 5€C s50] Jyblam
(L0°0) €80 0s €6 Aniqeqoad ybly = y< z 26 -LL1) v2e sishidowsey
¢< 40 yjo-ind ey 0>40-1nd e 3y Ainigeqoud moy = g> 84025 (13 %S6) ¥oa 8002 '[4Z] 1€ 39 oL0S
9 yXQ uo aseasip aqo) Jaddn
c- uoljeulwexa 1eaisAkyd uo sajoed)
9 0.6E< adnjesadwa |
€ 0.6E- G’ a4njesadwa)
0 0.G°8¢> aJnjesadwa |
e- yjealq Jo SSaulIoys
q jsed Ul 3s9) UIs unnoJagny aAlisod jo Jiodad-ag
v swoydwAs d1U0JYd Jo SI0}Oey ¥SId g1 L0102 ‘[92]
€le 96 anyisod 1s9) = | € 34025 1€ 39 1073X-IONVIOVT]
d1d @1qi1ssod yyum sjuaned aAnebau-ieaws papnioul Ajuo jey} saipnis
(3S) aA4nd> 410 %S6) 410 %S6)

ay) Japun ealy % Ayoyads % ANARISuas

ainy

slieap 3591

aunjeaq Apms

psnunuoy ¢ 371gv.L

489

10.1183/09031936.00107412

DOl:



TUBERCULOSIS | L.M. PINTO ET AL.

al

0 0.2 0.4 0.6 0.8
Sensitivity

b)

0 0.2 0.4 0.6 0.8
Specificity

Bock et al. (1996) [20]
MoRAN et al. (2009) [23]
MYLOTTE et al. (1997) [24]
SoLARI et al. (2008) [25]

Bock et al. (1996) [20]
MoRAN et al. (2009) [23]
MyLoTTE et al. (1997) [24]
SOLARI et al. (2008) [25]

Sensitivity (95% Cl)

0.81 (0.66-0.91)
0.96 (0.91-0.99)
0.88 (0.47-1.00)
0.93 (0.86-0.97)

Specificity (95% Cl)

0.62 (0.56-0.68)
0.49 (0.47-0.51)
0.63 (0.56-0.70)
0.42 (0.36-0.49)

FIGURE 4 Scoring systems for studies that included all patients with possible pulmonary tuberculosis. a) The estimated
sensitivity and b) the specificity of the study (black squares). The size of the square is proportional to the sample size of
the study, such that larger studies are represented by larger squares. The lines represent the confidence intervals around

the respective estimates.
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FIGURE 5 Scoring systems for studies that included smear-negative patients with possible pulmonary tuberculosis. a) The
estimated sensitivity and b) the specificity of each scoring system (black squares). The size of the square is proportional to
the sample size of the study, such that larger studies are represented by larger squares. The lines represent the confidence
intervals around the respective estimates.
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TABLE 3 Performance characteristics of six chest radiograph scoring systems in a retrospective validation study of 345

patients [32]

Scoring System Sensitivity Specificity
Original study cohort Validation cohort Original study cohort Validation cohort

Bock et al. [20], 1996 81 84 Not reported 42
EL-soLH et al. [21], 1997 100 80 50 51
MoraN et al. [23], 2009 96 98 49 20
MyLoTTE et al. [24], 1997 88 89 63.2 69
WisNIVESKY et al. [30], 2000 98 93 46 20
Rakoczy et al. [31], 2008 97 86 42 23

DOI: 10.1183/09031936.00107412

Automated computer-assisted diagnosis employs techniques such as texture analysis for reading digital
chest radiographs, and appears to be a promising modality for standardising and improving the diagnostic
performance of digital chest radiography [66]. However, our review suggested a lack of methodologically
high-quality studies. Researchers in this field could help advance their techniques better by following
published guidelines for conducting and reporting their work, to ensure that their efforts contribute to a
high-quality evidence base [67, 68].

The strength of our systematic review is in the extensive review of the literature, with two reviewers
independently performing screening, quality assessment, and data extraction. However, three caveats need
to be acknowledged while interpreting the results of the systematic review. First, 12 of the 13 studies were
conducted among inpatients, a population in whom the manifestations of TB disease are likely to be subject
to a spectrum bias compared with outpatients [69]. Secondly, nine of the 13 studies were conducted in
high-income, low-TB burden settings, and the radiographic manifestations of the disease, pre-test
probabilities and technical quality of radiographs are likely to be different in such settings compared with
low-income, high-burden settings [70]. Lastly, the purpose of most of the studies was to assess the
likelihood of PTB for purposes of respiratory isolation in hospitals, and the derivation of such scores could
have different aims (and consequently different cut-offs) from scoring systems derived with diagnostic
purposes in mind. We restricted our search to articles written in English, French and Spanish, but an
assessment for language bias suggested that we included a high proportion of the available literature.
However, we may have inadvertently failed to include articles in other languages, and acknowledge this as a
shortcoming of the review. As assessed with QUADAS, we judged the studies to be at risk of bias for several
items. In all studies, the results of the chest radiograph and/or the clinical components of the scoring system
played a role in deciding which patients would receive a culture (verification bias). This bias may have led to
overestimates of diagnostic accuracy [15]. This is especially true for studies in which radiographic findings
were used to guide the decision for requesting sputum cultures for TB. Seven (54%) studies were not
considered to include a representative sample (selection bias). Six (46%) studies did not provide adequate
information about blinding of the radiographic interpretation. Selection bias and absence of blinding are
features of study design that have also been associated with inflated accuracy estimates [71, 72]. These
limitations in the quality of the included studies need to be taken into consideration when interpreting
the results.

Conclusions

Our systematic review did not identify a scoring system for PTB based solely on radiographic features. The
development and validation of such a system could help standardise the interpretation of chest radiographs.
The review identified clinical-radiographic scoring systems for predicting the likelihood of PTB, among
patients admitted to hospitals. Such scoring systems are intended for assessing the need for respiratory
isolation. Most of these systems have high sensitivity but low specificity for PTB. There is a pressing need to
derive accurate scoring systems for PLWH and outpatients, especially in low-resource settings.
Technological advances in the interpretation of chest radiographs, such as computer-assisted diagnosis,
need to be validated in well-designed studies to assess their utility.
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