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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 summarized 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.

Thirteen studies were included in the review, nine of which were in low TB burden
settings. No scoring system was based solely on radiographic findings. All studies used
systems with various combinations of clinical and radiologic features. Eleven studies
involved scoring systems that were used for making decisions concerning hospital
respiratory isolation. None of the included studies reported data on intra-reporter or inter-
reporter reproducibility. Upper lobe infiltrates (pooled diagnostic odds ratio [DOR] 3.57,
95% CI 2.38 to 5.37, five studies) and cavities (DOR range, 1.97 to 25.66, 3 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 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 in 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 reading is dependent on the reader

and not well standardized.

An analogous impediment to the use of chest radiography for the diagnosis of
occupational lung diseases was overcome by the development of standardized 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
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 standardized 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 standardized 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) (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 radiograph 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 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).



Types of studies: We aimed to include randomized controlled trials and observational
studies of all study designs (e.g. 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 (TP), true negative
(TN), false positive (FP), and false negative (FN) values for determining sensitivity and
specificity estimates, as well as studies that only reported summary measures of

diagnostic accuracy (defined below).

Participants: Participants were patients with possible pulmonary TB who were 15 years
of age and older. 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 hematological and solid
organ), and immune-mediated inflammatory disease, and patients on hemodialysis. We

also excluded studies that investigated asymptomatic contacts of TB patients.

Index test: Any chest radiograph scoring system

Comparator: No chest radiograph scoring system



Target condition: TB of the pulmonary parenchyma, pleura, intrathoracic lymph nodes.
We included miliary TB if the disease involved either pulmonary parenchyma or multiple

sites, one of which was the lung.

Reference standards: We considered liquid or solid culture as the reference standards for

active PTB.

Definitions: A radiograph scoring system was defined as a system that assigned numeric
weights to specific features of chest radiographs consistent with PTB (such as cavitary
lesions), with or without the presence of clinical findings.

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/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 30 August 2012), EMBASE (1947 to 30 August 2012)
and Web of Science (1899 to 30 August 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 supplement. We also reviewed reference lists of included articles and review
articles identified through the search and hand-searched World Health Organization

reports.

Selection of studies

Initially, two reviewer authors (LMP and KRS) independently scrutinized titles and
abstracts in English, French and Spanish for eligibility. Citations deemed relevant by
either reviewer were selected and papers retrieved for full-text review. Next, each eligible
article was independently assessed by two reviewers (LMP and KRS) 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 (LMP and KRS) independently assessed study quality using the core set
of 11 items from Quality Assessment of Diagnostic Accuracy Studies (QUADAS), a
validated tool to evaluate the presence of bias and variation in diagnostic accuracy studies

(15). As recommended, each item was be scored as ‘yes’, ‘no’, or ‘unclear’.

Data extraction

Two reviewer authors (LMP and KRS) independently extracted data from each study
using a data extraction form that was piloted and then finalized 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) for two-by-two tables of individual radiographic features; details of
the scoring systems and their performance characteristics. The data extraction form is

included in the online depository.

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 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 12 < 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 were not performed because such techniques have not been found to be useful for
diagnostic data (19). An estimation 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 9,137 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 (20-32), Fig.1

Included studies
We did not identify any scoring system that was based exclusively on radiographic

criteria. Of the total 13 included studies, 12 studies involved scoring systems that

10



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 satistfy our reference standard (33,
34) or did not use specific features visualized on the chest radiograph as part of the
scoring system (35-39). Table 1 lists the characteristics of the 12 included original
studies, containing a total of 5,767 participants, and the one 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 to 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 depository. When reported, the
majority of patients were male. Eleven studies included PLWH, who represented 11% to

61% of eligible patients.

Excluded studies
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We identified two studies that were designed with the aim of deriving a clinical-
radiographic scoring system for PLWH among hospitalized patients found to be sputum
smear-negative (40, 41). Both studies satisfied a 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 PTB.
The study by Le Minor et al. concluded that the “numbers were insufficient to develop a
score for TB” (41), while the study by Davis et al. stated that “After exhaustive testing,
we were unable to identify any combination of factors which reliably predicted

bacteriologically confirmed tuberculosis” (40).

We also excluded 13 studies that used automated computer-assisted diagnosis (CAD) 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 visualized 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 visualized on a chest radiograph,

as these studies did not use culture as a reference standard.

Assessment of methodological quality

As seen in Table 2, all 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
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selection of those patients would who be investigated further with culture, the reference
standard. Seven (54%) of the total 13 studies did not include a sample that was
considered representative of the target population, as these studies did not enroll 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 to 10.01, five studies)], Figure 2A, and cavities (DOR range,

2.11 to 10.08, three studies) (online supplement).

The details of the parameters included in the scores and their respective weights are
summarized in Table 3, along with the performance characteristics of the scoring system
and the final rule to aid in decision-making. 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
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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% to 100%).
For the five studies that reported specificity data, specificity estimates were low (median

42%, range 22% to 72%), suggesting a poor rule-in value for PTB.

Figure 3 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 to
5.37, five studies), Figure 2B, and cavities (DOR range, 1.97 to 25.66, three studies). We
did not pool estimates based on scoring systems because of the differences in these

scoring systems (online supplement).
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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% to 98%). However, specificity estimates were low (median
35%, range 14% to 50%), again suggesting a poor rule-in value for PTB, Figure 4. We
did not consider these scoring systems to be similar and therefore, did not pool the

accuracy estimates.

One study, performed in an inpatient setting, excluded PLWH (31), Table 1. 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 3.

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 earlier been included in a study (this study is included in the current systematic
review) (25) 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
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comparison of the performance characteristics of the six scoring systems in their

respective derivation studies, and in the validation study is provided in Table 4.

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
standardized radiographic scoring systems for the diagnosis of PTB, and whether
standardization 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 health care system (64), and in
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resource-limited settings where isolation beds may be in short supply, unnecessary
isolation of some patients may preclude appropriate isolation of others. Scoring systems
that improve the accuracy of the decisions to subject those patients with possible PTB to
respiratory isolation can considerably improve the efficiency of healthcare systems and
utilization 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 7 studies) but a
poor rule-in value (median PPV 22.5%, range 8-61%, values reported in 8 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
depository). 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 and colleagues 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 and colleagues (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
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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 and colleagues (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).

Automated computer-assisted diagnosis (CAD) employs techniques such as texture
analysis for reading digital chest radiographs, and appears to be a promising modality for
standardizing 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
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systematic review. Firstly, 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 as compared to 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 as compared to 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 (71).
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 radiographic interpretation. Selection bias and

absence of blinding are features of study design that have also been associated with

19



inflated accuracy estimates(72, 73). These limitations in the quality of the included

studies need to taken into consideration when interpreting 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
standardize 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 CAD, need to be validated in well-designed

studies to assess their utility.
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Table 1. Characteristics of Included Studies

Study Country Setting No. of Study Design Inclusion Criteria Chest
Eligible Radiograph
Patients Reader
with
Possible
PTB (%)
Studies that included all patients with possible TB
Bock et al USA Inpatient 295 (78) Cross-sectional, 1.Patients with active TB Radiologist
(1996)* retrospective 2.Patients with TB in the
differential diagnosis
3.AFB smears and cultures
ordered
4. HIV + with abnormal CXR
El-Solh et al USA Inpatient 286 (100)*  Cross-sectional ~ All isolated patients, based on Radiologist
(1997)* symptoms, prior history of TB and
exposure, HIV status, medical ~ pulmonologist
and social risk factors, and
radiographic findings
El-Solh et al USA Inpatient 119 (100)*  Cross-sectional All patients in whom AFB Radiologist
(1999)* smear and culture were and
requested pulmonologist
Moran et al USA Inpatient 2535 (91)*  Cross-sectional Admission diagnosis of Emergency
(2009)* pneumonia or suspected TB medicine
resident
Mylotte et al USA Inpatient 220 (100)*  Cross-sectional  All patients in whom an AFB Not reported
(1997)* smear and culture was
requested by the admitting
physician
Solari et al Peru Inpatient 345 (71) Cross-sectional ~ Productive cough for > 1 week Internist,
(2008)* or Cough of any duration and internal
1.Fever > 3 weeks or medicine
2.Weight loss of at least 3kg resident

in previous month or
3.Night sweats or hemoptysis
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Studies that only included smear-negative subjects with possible PTB

Study Country
Lagrange- France
Xelot et al

(2010)*

Soto et al Peru
(2008)*’

Soto et al Peru
(2011)*

Wisnivesky USA
et al

(2000)*°

Setting

Inpatient

Inpatient

Outpatient

Inpatient

No. of Study Design
Eligible

Patients

with

Possible

TB (%)
134 (100)  Cross-sectional
262 (100)  Cross-sectional
663 (97) Cross-sectional
112 (100) Case-control

or differential diagnosis of
PTB from attending physician

Inclusion Criteria

Suspected TB, as
recommended by French
guidelines
Cough > = one week AND
one or more of the following:
1.Fever
2.Weight loss >=4kg in 1
month
3.Breathlessness
4.Constitutional symptoms
(malaise or hyporexia for a
minimum of 2 months)
Cough > = 2 weeks AND one
or more of the following:
1.Fever
2.Weight loss
3.Breathlessness

Cases - isolated TB patients
controls - randomly selected
from a log of patients who
submitted smears and cultures
matched on age (+/- 3 years),
sex and year of presentation, 3
smears negative, culture
negative and isolated in a
hospital

Chest
Radiograph
Reader

Not reported

Not reported

1.General
practitioner
2.TB specialist

Tie breaker:
Experienced

radiologist
1.Radiologist
2.Radiologist
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Wisnivesky USA Inpatient 516 (100)  Cross-sectional ~ Patients admitted and isolated =~ Not reported

etal because of suspicion of PTB

(2005)¥

Study that included only HIV-uninfected participants with possible PTB

Study Country Setting No. of Study Design Inclusion Criteria Chest
Eligible Radiograph
Patients Reader

with

Possible
TB (%)

Rakoczy et USA Inpatient 280 (100)* Case-control Cases: all TB inpatients Not reported

al (2008)*! Controls: all inpatients placed

under airborne precautions
with negative smears and

cultures matched with cases

on time of admission (+/- 6

days)
Study that validated six of the scoring systems described above
Solari et al Peru Inpatient 345 (71) Cross-sectional ~ Productive cough for > 1 week Internist,
(2011)* or cough of any duration and internal
1.Fever > 3 weeks or medicine
2.Weight loss of at least 3kg resident

in previous month or
3.Night sweats or hemoptysis
or differential diagnosis of
PTB from attending physician

*Studies had derivation and validation cohorts. The number of patients with possible TB represents those in the validation cohorts
PTB, pulmonary TB
**The study by Solari et al (2011)** applied various scoring systems to the same cohort of patients as the study by Solari et al (2008)*.



Table 2. Quality assessment of the included studies using the QUADAS tool
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Table 3 Details and performance characteristics of chest radiograph scoring systems

Study Feature Test Details Rule Sensitivity  Specificity Area
% % under the
(95%CI)*  (95%CI)* Curve
(SE)
Studies that included all patients with possible PTB
Logistic regression DOR
(95%Cl)
Bock et al 1.CXR with upper lobe 5(2.38,10.51) Any of 1-3 or 4(in 81
(1996)* infiltrate 3.93 (1.06,14.62) the absence of 5)
2.CXR with cavity considered test
3.Knew someone with 2.42(1.1,5.32) positive
active TB
4.Self-report of positive 5.67 (1.57,22.01)
tuberculin skin test in past
5.Self-report of isoniazid
preventive therapy in the 0.18 (0.04,0.82)
past
El-Solh et al Upper zone disease Used classification and Upper zone 100 50 (44,57) 0.878
(1997)*! Weight loss regression tree analysis disease absentand  (78,100) (0.029)

Diabetes mellitus

fever absent = test
negative

Upper zone
disease absent,
but fever present
= test negative if
no weight loss
and CD4+ > 200

Everyone else to
be considered test
positive
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El-Solh et al
(1999)*

Moran et al
(2009)*

Mylotte et al
(1997)*

Age, CD4+counts,
diabetes mellitus, HIV,
tuberculin skin test
positivity

Chest pain, weight loss,
cough, night sweats, fever,
shortness of breath

Upper lobe infiltrate,
lower lobe infiltrate, upper
lobe cavity, lower lobe
cavity, adenopathy,
unilateral pleural effusion,
bilateral pleural effusion,
pleural thickening, miliary
pattern, normal

1.Apical infiltrate
2.Cavitation
3.Immigrant
4.Weight loss
5.Positive TB history
6.Homeless
7 Incarcerated

1.AFB positive smear
2.Localized CXR change
3.Correctional facility
residence
4.History of weight loss

Used general regression
neural network

Used chi-squared recursive

partitioning

DOR (95% CI)
58 (3,11)
2.5(1.3,4.9)
2.3(1.2,4.4)

1.8(1,3.2)

Score
3
2
2

1

Any of 1-7
present = test
positive

Score > 3 = test
positive

100
(91,100)

96

88

72
(65,77)

49

63.2

0.947
(0.028)

0.86
(0.04)
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DOR (95% CI)  Score
Solari et al 1.Age <35 0.97 (0.96, 0.99) 0 93 42 0.809
(2008)* 2.Age 35-60 -1 Score > 3 = test (0.05)
3.Age > 61 2 positive
3.Weight loss 2.79 (1.51,5.18) 5
4 History of PTB 0.51 (0.28,0.95) -3
5.Miliary pattern 8.04 (2.79,23.16) 10
6.Cavity 2.54 (1.4,4.62) 5
7.Upper lobe infiltrate 5.64 (3.2,9.93) 9
Studies that only included smear-negative patients with possible PTB
Score
Lagrange- TB risk factors or chronic 4 > 1 = test positive 96.2 213
Xelot et al symptoms
(2010)* Self-report of positive
(validation of  tuberculin skin test in past 5
score Shortness of breath -3
developed by  Temperature < 38.5 deg C 0
Wishivesky Temperature 38.5 -39 deg
et al [2000]*°) C 3
Temperature > 39 deg C 6
Crackles on physical -3
examination
Upper lobe disease on 6
CXR
Soto et al DOR (95% CI)  Score Atacut-off <0
(2008)* Hemoptysis 3.24(1.11, 9.22) 2 <0=low 93 50 At a cut-
Weight loss 2.35(0.86,6.43) 1 probability off of > 2
Age > 45 2.01(1.01,3.01) -1 >4 = high At a cut-off > 4
Expectoration 0.35(0.14,0.9) -1 probability 0.83
Apical infiltrate 4.29 (1.7,10.86) 3 (0'07)
Miliary infiltrate 9.31(2.21,39.24) 4 92 '
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Soto et al Same as above — validation > 5 =high At acut-off <0
(2011)*® study probability 97.8 14
(94.5,99.4)  (11,17.4)
At a cut-off > 5
239 93.1

(17.9,30.7)  (90.5,95.2)
DOR (95% CI)  Score

Wisnivesky et TB risk factors or chronic 7.9 (4.4,24.2) 4 > | = test positive 98 46
al (2000)*° symptoms (95,100) (33,59)
Self-report of positive
tuberculin skin test in past 13.2 (4.4,40.7) 5
Shortness of breath 0.2 (0.1,0.5)
Temperature < 38.5 deg C 2.8 (1.1,8.3) -3
Temperature 38.5 - 39 deg 0
C 3
Temperature > 39 deg C 6
Crackles on physical
examination 0.3 (0.1,0.5) -3
Upper lobe disease on
CXR 14.6 (3.7,57.5) 6

Wisnivesky et 95 35
al (2005)” Same as above (74,100) (31,40)
Study that excluded people living with HIV

DOR (95% CI)  Score

Rakoczy et al Chronic symptoms 10.21(2.95,35.4) 6 > 4 = test positive 97 42
(2008)*" Immunosuppression*®
(other than HIV) 8.14(2.08,31.8) 4
foreign birth 7.01(2.1,23.8) 2
CXR upper zone findings 5.28(1.6,17.2) 2
shortness of breath 0.13(0.04,0.45) -2
Validation of the score 96 18

developed by Wisnivesky

*Calculated assuming a prevalence of 2%

#95% ClIs are included when the published study either provided these, or the data were sufficient for the Cls to be calculated
CXR, chest x-ray; NPV, negative predictive value; PPV, positive predictive value



Table 4. Performance characteristics of six chest radiograph scoring systems in a

retrospective validation study of 345 patients®

Sensitivity

Specificity

Scoring System Original Study Validation Original Study Validation
Cohort Cohort Cohort Cohort
Bock et al (1996)*° 81 84 Not reported 42
El-Solh et al(1997)*' 100 80 50 51
Moran et al (2009)% 96 98 49 20
Mylotte et al (1997)* 88 89 63.2 69
Wisnivesky et al (2000)* 98 93 46 20
Rakoczy et al (2008)”! 97 86 42 23
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Figure 2

(A) Among all patients with possible PTB
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(B) Among smear-negative patients with possible PTB
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The size of the square is proportional to the sample size of the study such that larger studies are represented

by larger squares.

The diamond represents the pooled estimate for the diagnostic odds ratio.

The lines represent the confidence intervals around the respective estimates.
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Figure 3

The figures show the estimated sensitivity (A) and specificity (B) of the study (black

square) and its 95% confidence interval (blue horizontal line).
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Figure 4
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