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A B S T R A C T

Background

Systematic screening in high-burden settings is recommended as a strategy for early detection of pulmonary tuberculosis disease, reducing
mortality, morbidity and transmission, and improving equity in access to care. Questioning for symptoms and chest radiography (CXR)
have historically been the most widely available tools to screen for tuberculosis disease. Their accuracy is important for the design of
tuberculosis screening programmes and determines, in combination with the accuracy of confirmatory diagnostic tests, the yield of a
screening programme and the burden on individuals and the health service.

Objectives

To assess the sensitivity and specificity of questioning for the presence of one or more tuberculosis symptoms or symptom combinations,
CXR, and combinations of these as screening tools for detecting bacteriologically confirmed pulmonary tuberculosis disease in HIV-
negative adults and adults with unknown HIV status who are considered eligible for systematic screening for tuberculosis disease. Second,
to investigate sources of heterogeneity, especially in relation to regional, epidemiological, and demographic characteristics of the study
populations.

Search methods

We searched the MEDLINE, Embase, LILACS, and HTA (Health Technology Assessment) databases using pre-specified search terms and
consulted experts for unpublished reports, for the period 1992 to 2018. The search date was 10 December 2018. This search was repeated
on 2 July 2021.

Selection criteria

Studies were eligible if participants were screened for tuberculosis disease using symptom questions, or abnormalities on CXR, or both,
and were oKered confirmatory testing with a reference standard. We included studies if diagnostic two-by-two tables could be generated
for one or more index tests, even if not all participants were subjected to a microbacteriological reference standard. We excluded studies
evaluating self-reporting of symptoms.
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Data collection and analysis

We categorized symptom and CXR index tests according to commonly used definitions. We assessed the methodological quality of included
studies using the QUADAS-2 instrument. We examined the forest plots and receiver operating characteristic plots visually for heterogeneity.
We estimated summary sensitivities and specificities (and 95% confidence intervals (CI)) for each index test using bivariate random-eKects
methods. We analyzed potential sources of heterogeneity in a hierarchical mixed-model.

Main results

The electronic database search identified 9473 titles and abstracts. Through expert consultation, we identified 31 reports on national
tuberculosis prevalence surveys as eligible (of which eight were already captured in the search of the electronic databases), and we
identified 957 potentially relevant articles through reference checking. AMer removal of duplicates, we assessed 10,415 titles and abstracts,
of which we identified 430 (4%) for full text review, whereaMer we excluded 364 articles. In total, 66 articles provided data on 59 studies.
We assessed the 2 July 2021 search results; seven studies were potentially eligible but would make no material diKerence to the review
findings or grading of the evidence, and were not added in this edition of the review.

We judged most studies at high risk of bias in one or more domains, most commonly because of incorporation bias and verification bias.
We judged applicability concerns low in more than 80% of studies in all three domains.

The three most common symptom index tests, cough for two or more weeks (41 studies), any cough (21 studies), and any tuberculosis
symptom (29 studies), showed a summary sensitivity of 42.1% (95% CI 36.6% to 47.7%), 51.3% (95% CI 42.8% to 59.7%), and 70.6% (95% CI
61.7% to 78.2%, all very low-certainty evidence), and a specificity of 94.4% (95% CI 92.6% to 95.8%, high-certainty evidence), 87.6% (95% CI
81.6% to 91.8%, low-certainty evidence), and 65.1% (95% CI 53.3% to 75.4%, low-certainty evidence), respectively. The data on symptom
index tests were more heterogenous than those for CXR. The studies on any tuberculosis symptom were the most heterogeneous, but had
the lowest number of variables explaining this variation. Symptom index tests also showed regional variation.

The summary sensitivity of any CXR abnormality (23 studies) was 94.7% (95% CI 92.2% to 96.4%, very low-certainty evidence) and 84.8%
(95% CI 76.7% to 90.4%, low-certainty evidence) for CXR abnormalities suggestive of tuberculosis (19 studies), and specificity was 89.1%
(95% CI 85.6% to 91.8%, low-certainty evidence) and 95.6% (95% CI 92.6% to 97.4%, high-certainty evidence), respectively. Sensitivity was
more heterogenous than specificity, and could be explained by regional variation.

The addition of cough for two or more weeks, whether to any (pulmonary) CXR abnormality or to CXR abnormalities suggestive of
tuberculosis, resulted in a summary sensitivity and specificity of 99.2% (95% CI 96.8% to 99.8%) and 84.9% (95% CI 81.2% to 88.1%) (15
studies; certainty of evidence not assessed).

Authors' conclusions

The summary estimates of the symptom and CXR index tests may inform the choice of screening and diagnostic algorithms in any given
setting or country where screening for tuberculosis is being implemented. The high sensitivity of CXR index tests, with or without symptom
questions in parallel, suggests a high yield of persons with tuberculosis disease. However, additional considerations will determine the
design of screening and diagnostic algorithms, such as the availability and accessibility of CXR facilities or the resources to fund them, and
the need for more or fewer diagnostic tests to confirm the diagnosis (depending on screening test specificity), which also has resource
implications.

These review findings should be interpreted with caution due to methodological limitations in the included studies and regional variation
in sensitivity and specificity. The sensitivity and specificity of an index test in a specific setting cannot be predicted with great precision
due to heterogeneity. This should be borne in mind when planning for and implementing tuberculosis screening programmes.

P L A I N   L A N G U A G E   S U M M A R Y

How accurate are asking about symptoms and doing a chest X-ray to screen for tuberculosis of the lungs among adults who are HIV-
negative or with unknown HIV status?

Why is improving screening for tuberculosis of the lungs important?

Systematic screening in settings where tuberculosis is common is a recommended strategy for early detection of tuberculosis. Screening
helps identify people who are more likely to have tuberculosis so they can have confirmatory testing. These are additional tests to confirm
the presence of Mycobacterium tuberculosis, the bacterium that causes tuberculosis. Asking about tuberculosis symptoms (for example,
cough, coughing up blood, fever, and fatigue) and doing a chest X-ray (CXR), which shows lung abnormalities, are commonly used screening
methods. Tuberculosis is treatable with antibiotics, which means that early detection may result in lower mortality and morbidity, less
transmission of tuberculosis, and more equitable access to care.

Not recognizing lung tuberculosis when it is present (a false-negative result) may result in delayed treatment and further transmission.
Conversely, a screening result that is thought to be positive while it is not may result in unnecessary confirmatory tests, which burdens
both the individual and the public health system.
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Knowing how oMen screening tests lead to false-positive and false-negative results – this is called accuracy - may help in choosing a
screening method.

What is the aim of this review?

To find out how accurate asking about symptoms and CXR are as screening tests for lung tuberculosis in adults with unknown or negative
HIV status.

What was studied in the review?

We studied the accuracy of three types of symptom questions: (i) cough for two or more weeks, (ii) cough of any duration, and (iii) any
tuberculosis symptom. For CXR, we studied two definitions for a positive result: (i) any CXR lung abnormality and (ii) CXR lung abnormalities
suggestive of tuberculosis. The results are interpreted by staK trained in radiology.

What are the main results in this review?

The review included 59 studies, of which 48 reported on one or more symptom screening questions and 37 reported on CXR.

The results below indicate a situation in which five individuals (0.5%) have lung tuberculosis among a group of 1000 screened individuals.

Cough for two weeks or more: if 1000 individuals were screened, 58 would screen positive, meaning they report cough for two weeks or
more and, of these, 56 (97%) would not have lung tuberculosis. Of 1000 individuals, 942 would screen negative, meaning they do not report
cough for two weeks or more and, of these, three (0.3%) would have lung tuberculosis.

Cough of any duration: of 1000 individuals, 127 would screen positive and, of these, 124 (98%) would not have lung tuberculosis. Of 1000
individuals, 873 would screen negative and, of these, two (0.2%) would have lung tuberculosis.

Any tuberculosis symptom: of 1000 individuals, 351 would screen positive and, of these, 348 (99%) would not have lung tuberculosis. Of
1000 individuals, 649 would screen negative and, of these, one (0.2%) would have lung tuberculosis.

Any CXR lung abnormality: of 1000 individuals, 113 would show lung abnormalities on CXR and, of these, 108 (96%) would not have lung
tuberculosis. Of 1000 individuals, 887 would not show lung abnormalities and, of these, no one (0%) would have lung tuberculosis.

CXR lung abnormalities suggestive of tuberculosis: of 1000 individuals, 48 would screen positive and, of these, 44 (92%) would not have
lung tuberculosis. Of 1000 individuals, 952 would screen negative and, of these, one (0.1%) would have lung tuberculosis.

How reliable are the results of the studies in this review?

In the included studies, the diagnosis of tuberculosis was made by assessing the study participants with confirmatory tests (the reference
standard). This is the best available method for deciding whether participants really had lung tuberculosis.

However, there were problems with how the studies were conducted. In many studies, those without symptoms or CXR abnormalities were
not tested with a confirmatory test. Therefore, the numbers of those without symptoms or CXR abnormalities, but nevertheless having
tuberculosis (people who tested falsely negative), may have been underestimated in these studies. Consequently, screening for symptoms
or CXR abnormalities might appear more accurate than it really is.

In addition, results from individual studies included in the review varied, for example, because of regional variation. Therefore, we cannot
be sure that screening for symptoms and CXR abnormalities will always have the same accuracy.

What are the implications of this review?

The results of the review suggest that screening for tuberculosis with symptom questions or CXR might result in a high yield of persons
with tuberculosis disease. However, this screening might also result in a high proportion of persons without the disease screening
positive. Additional considerations for the best design of screening programmes include the local epidemiological situation, availability
and accessibility of CXR, and the need for confirmatory tests.

How up to date is this review?

The review authors searched for and included studies published from 1 January 1992 to 10 December 2018. A repeat of the search to 2 July
2021 revealed no further studies that would inform the results of the analysis.

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
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Summary of findings 1.   Cough for two weeks or more

Review question: what is the accuracy of questioning for the presence of prolonged cough (2 weeks or more) as a screening test for detecting pulmonary tuberculosis dis-
ease in a general population of people with HIV-negative or unknown HIV status who are considered eligible for systematic screening for tuberculosis disease.

Role of index test: individuals with a positive screening test are offered further confirmatory testing to establish a tuberculosis diagnosis.

Reference standards: any one or combination of mycobacterial culture (on solid or liquid medium), sputum smear microscopy, Xpert MTB/RIF, or other nucleic acid ampli-
fication test.

Study design: cross-sectional studies.

Cough for two weeks or more summary sensitivity (95% CI): 42.1% (36.6 to 47.7); summary specificity (95% CI): 94.4% (92.6 to 95.8)

Results per 1000 participants tested (95% CI)*Index test result

Prevalence of
0.5%*

Prevalence of 1%* Prevalence of 2%*

Number of partici-
pants (studies)

Certainty of evi-
dence (GRADE)

True positives (participants with tuberculosis disease) 2 (2 to 2) 4 (4 to 5) 8 (7 to 10)

False negatives (participants incorrectly classified as not
having tuberculosis disease)

3 (3 to 3) 6 (5 to 6) 12 (10 to 13)

7179

(41)

VERY LOWa

⨁◯◯◯

True negatives (participants without tuberculosis dis-
ease)

939 (921 to 953) 935 (917 to 948) 925 (907 to 939)

False positives (participants incorrectly classified as hav-
ing tuberculosis disease)

56 (42 to 74) 55 (42 to 73) 55 (41 to 73)

1,540,179

(41)

HIGHb

⨁⨁⨁⨁

Abbreviations: CI: confidence interval
*Tuberculosis disease prevalences of 0.5%, 1% and 2% were chosen based on the median prevalences among the studies for each index test, which ranged from 0.5% to 1.7%
and to be consistent with the WHO guidelines (WHO 2021a).
aDowngraded by three, due to very serious risk of bias and serious inconsistency.
Very serious risk of bias is because in the QUADAS-2 Reference Standard domain more than three-quarters of the studies did not require all participants to undergo
microbacteriological testing, but classified tuberculosis negative in those participants based on results of chest radiography (CXR) and symptoms (incorporation bias). Flow and
Timing: more than half of the studies scored high risk of bias. Of all participants who required microbacteriological testing based on the protocol, less than 95% had a result.
Sensitivity analysis showed that studies with low risk bias in these QUADAS-2 domains had considerably lower sensitivity (most extreme: studies with low risk for Reference
Standard (8 studies): sensitivity 29.3% (95% confidence interval (CI) 19.4% to 41.7%).
Serious inconsistency is because of the very wide range in point estimates (10% to 100%), with some overlap of the CIs. In stratified analysis, population level variables that
significantly (P < 0.05) modified the summary estimates were economic region and higher vs lower (< 0.5%) tuberculosis prevalence among the study participants. Study design
variables that significantly modified the summary estimates were presence of incorporation bias and whether the reference standard included culture or not (but a combination
of smear and Xpert MTB/RIF).
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bInconsistency was not judged as serious. Although the range in point estimates is wide (specificity 68% to 99%), the CIs considerably overlap. A few outlying values are of studies
that share a quality concern in the patient selection domain. Variables that may explain heterogeneity in specificity were economic region and tuberculosis prevalence among
the study participants.
 
 

Summary of findings 2.   Cough of any duration (any cough)

Review question: what is the accuracy of questioning for the presence of cough of any duration (any cough) as a screening test for detecting pulmonary tuberculosis dis-
ease in a general population of people with HIV-negative or unknown HIV status who are considered eligible for systematic screening for tuberculosis disease.

Role of index test: individuals with a positive screening test are offered further confirmatory testing to establish a tuberculosis diagnosis.

Reference standards: any one or combination of mycobacterial culture (on solid or liquid medium), sputum smear microscopy, Xpert MTB/RIF, or other nucleic acid ampli-
fication test.

Study design: cross-sectional studies.

Cough of any duration summary sensitivity (95% CI): 51.3% (42.8 to 59.7); summary specificity (95% CI): 87.6% (81.6 to 91.8)

Results per 1000 participants tested (95% CI)*Index test result

Prevalence of
0.5%*

Prevalence of 1%* Prevalence of 2%*

Number of partici-
pants (studies)

Certainty of evi-
dence (GRADE)

True positives (participants with tuberculosis disease) 3 (2 to 3) 5 (4 to 6) 10 (9 to 12)

False negatives (participants incorrectly classified as not
having tuberculosis disease)

2 (2 to 3) 5 (4 to 6) 10 (8 to 11)

2734

(21)

VERY LOWa

⨁◯◯◯

True negatives (participants without tuberculosis dis-
ease)

871 (812 to 913) 867 (808 to 908) 858 (800 to 899)

False positives (participants incorrectly classified as hav-
ing tuberculosis disease)

124 (82 to 183) 123 (82 to 182) 122 (81 to 180)

768,291

(21)

LOWb

⨁⨁◯◯

Abbreviations: CI: confidence interval
*Tuberculosis disease prevalences of 0.5%, 1% and 2% were chosen based on the median prevalences among the studies for each index test, which ranged from 0.5% to 1.7%
and to be consistent with the WHO guidelines (WHO 2021a).
aDowngraded by three, due to very serious risk of bias and serious inconsistency.
Very serious risk of bias because in the QUADAS-2 Reference Standard domain more than half of the studies did not require all participants to undergo microbacteriological
testing, but classified tuberculosis negative in those participants based on results of CXR and symptoms (incorporation bias). Flow and Timing: about one-third of the studies
scored high risk of bias. Of all participants who required microbacteriological testing based on the protocol, less than 95% had a result. Sensitivity analysis showed that studies
with low risk bias in these QUADAS-2 domains had considerably lower sensitivity (most extreme: studies with low risk for Reference Standard (8 studies): sensitivity 35.6% (95%
CI 18.8% to 56.8%).
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Serious inconsistency due to a very wide range in point estimates (0% to 100%), with some overlap of the CIs. Some of the heterogeneity could be explained by economic region.
Studies in low-income countries showed higher sensitivity (64.8%, 95% CI 54.8% to 73.6%), in upper/middle/high income studies sensitivity was lower (34.4%, 95% CI 23.3% to
47.5%).
bDowngraded by two due to serious inconsistency and serious imprecision.
Serious inconsistency due to a wide range in point estimates (specificity 43% to 99%) without overlap of CIs. No statistical significant variables that could explain heterogeneity,
however in low-income countries the sensitivity was somewhat lower (80.8%, 95% CI 69.1% to 88.9%) than in the upper/middle/high-income studies.
Serious imprecision since the CI around the false positives is as such that the proportion of the population requiring follow-up testing can vary by more than a factor two, which
has serious resource implications.
 
 

Summary of findings 3.   Any tuberculosis symptom

Review question: what is the accuracy of questioning for the presence any tuberculosis symtpom as a screening test for detecting pulmonary tuberculosis disease in a gen-
eral population of people with HIV-negative or unknown HIV status who are considered eligible for systematic screening for tuberculosis disease.

Role of index test: individuals with a positive screening test are offered further confirmatory testing to establish a tuberculosis diagnosis.

Reference standards: any one or combination of mycobacterial culture (on solid or liquid medium), sputum smear microscopy, Xpert MTB/RIF, or other nucleic acid ampli-
fication test.

Study design: Cross-sectional studies.

Any tuberculosis symptom summary sensitivity (95% CI): 70.6% (61.7 to 78.2); summary specificity (95% CI): 65.1% (53.3 to 75.4)

Results per 1000 participants tested (95% CI)*Index Test result

Prevalence of
0.5%*

Prevalence of 1%* Prevalence of 2%*

Number of partici-
pants (studies)

Certainty of evi-
dence (GRADE)

True positives (participants with tuberculosis disease) 4 (3 to 4) 7 (6 to 8) 14 (12 to 16)

False negatives (participants incorrectly classified as not
having tuberculosis disease)

1 (1 to 2) 3 (2 to 4) 6 (4 to 8)

4180

(29)

VERY LOWa

⨁◯◯◯

True negatives (participants without tuberculosis dis-
ease)

648 (530 to 750) 644 (528 to 746) 638 (522 to 739)

False positives (participants incorrectly classified as hav-
ing tuberculosis disease)

347 (245 to 465) 342 (241 to 458) 355 (252 to 473)

506,712

(29)

LOWb

⨁⨁◯◯

Abbreviations: CI: confidence interval
*Tuberculosis disease prevalences of 0.5%, 1% and 2% were chosen based on the median prevalences among the studies for each index test, which ranged from 0.5% to 1.7%
and to be consistent with the WHO guidelines (WHO 2021a).
aDowngraded by three, due to very serious risk of bias and serious inconsistency.
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Very serious risk of bias because in the QUADAS-2 Reference Standard domain more than half of the studies did not require all participants to undergo microbacteriological
testing, but classified tuberculosis negative in those participants based on results of CXR and symptoms (incorporation bias). Flow and Timing: about one-third of the studies
scored high risk of bias. Of all participants who required microbacteriological testing based on the protocol, less than 95% had a result. Sensitivity analysis showed that studies
with low risk bias in these QUADAS-2 domains had considerably lower sensitivity (most extreme: studies with low risk for Reference Standard (12 studies): sensitivity 62.9% (95%
CI 47.4% to 76.1%) and Flow and Timing (9 studies): sensitivity 62.9% (95% CI 43.5% to 78.9%).
Serious inconsistency. Very wide range in point estimates (18% to 100%), with overlap of the CIs. Some of the heterogeneity could be explained by economic region. Studies in
low-income countries showed higher sensitivity (78.9%, 95% CI 69.3% to 86.2%), in upper/middle/high-income studies sensitivity was lower (56.3%, 95% CI 40.6% to 70.8%).

bDowngraded by two due to serious inconsistency and serious imprecision.
Serious inconsistency due to a wide range in point estimates (13% to 99%) without overlap of CI and no variables that statistically significantly explained heterogeneity.
Serious imprecision since the CI around the false positives is as such that the proportion of the population requiring follow-up testing can vary by almost a factor two, which
has serious resource implications.
 
 

Summary of findings 4.   Any CXR abnormality

Review question: what is the accuracy of any (pulmonary) CXR abnormality as a screening test for detecting pulmonary tuberculosis disease in a general population of peo-
ple with HIV-negative or unknown HIV status who are considered eligible for systematic screening for tuberculosis disease.

Role of index test: individuals with a positive screening test are offered further confirmatory testing to establish a tuberculosis diagnosis.

Reference standards: any one or combination of mycobacterial culture (on solid or liquid medium), sputum smear microscopy, Xpert MTB/RIF, or other nucleic acid ampli-
fication test.

Study design: cross-sectional studies.

Any CXR abnormality summary sensitivity (95% CI): 94.7% (92.2 to 96.4); summary specificity (95% CI): 89.1% (85.6 to 91.8)

Results per 1000 participants tested (95% CI)*Index Test result

Prevalence of
0.5%*

Prevalence of 1%* Prevalence of 2%*

Number of partici-
pants (studies)

Certainty of evi-
dence (GRADE)

True positives (participants with tuberculosis disease) 5 (5 to 5) 9 (9 to 10) 19 (18 to 19)

False negatives (participants incorrectly classified as not
having tuberculosis disease)

0 (0 to 0) 1 (0 to 1) 1 (1 to 2)

4532

(23)

VERY LOWa

⨁◯◯◯

True negatives (participants without tuberculosis dis-
ease)

887 (852 to 913) 882 (847 to 909) 873 (839 to 900)

False positives (participants incorrectly classified as hav-
ing tuberculosis disease)

108 (82 to 143) 108 (81 to 143) 107 (80 to 141)

1.034.525

(23)

LOWb

⨁⨁◯◯

Abbreviations: CI: confidence interval
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*Tuberculosis disease prevalences of 0.5%, 1% and 2% were chosen based on the median prevalences among the studies for each index test, which ranged from 0.5% to 1.7%
and to be consistent with the WHO guidelines (WHO 2021a).
aDowngraded by three, due to very serious risk of bias and serious inconsistency.
Very serious risk of bias since only 2 studies had low risk of bias in the Reference Standard domain. Less than half of the studies had low risk in the Flow and Timing domain.
Serious inconsistency because of a moderate range in sensitivity (70% to 100%) with some overlap in CIs. Variables that may explain observed variation are WHO region (Africa
versus Asia/Pacific/other), prevalence of tuberculosis in the study population, and prevalence of smoking in the population (10% or more versus lower).
bDowngraded by two due to serious inconsistency and serious imprecision.
Serious inconsistency due to a moderate range in specificity (71% to 99%). The variable that may explain observed variation is whether the CXR was read of any abnormality
including other visible organs (82.4%, 95% CI 73.8% to 88.6%) versus pulmonary abnormalities (91.1%, 95% CI 87.8% to 93.5%).
Serious imprecision because the CI around the false positives is as such that the proportion of the population requiring follow-up testing can vary by almost a factor two, which
has serious resource implications.
 
 

Summary of findings 5.   CXR abnormalities suggestive of tuberculosis

Review question: what is the accuracy of CXR abnormalities suggestive of tuberculosis as a screening test for detecting pulmonary tuberculosis disease in a general popu-
lation of people with HIV-negative or unknown HIV status who are considered eligible for systematic screening for tuberculosis disease.

Role of index test: individuals with a positive screening test are offered further confirmatory testing to establish a tuberculosis diagnosis.

Reference standards: any one or combination of mycobacterial culture (on solid or liquid medium), sputum smear microscopy, Xpert MTB/RIF, or other nucleic acid ampli-
fication test.

Study design: cross-sectional studies.

CXR abnormalities suggestive of tuberculosis summary sensitivity (95% CI): 84.8% (76.7 to 90.4); summary specificity (95% CI): 95.6% (92.6 to 97.4)

Results per 1000 participants tested (95% CI)*Index Test result

Prevalence of
0.5%*

Prevalence of 1%* Prevalence of 2%*

Number of partici-
pants (studies)

Certainty of evi-
dence (GRADE)

True positives (participants with tuberculosis disease) 4 (4 to 5) 8 (8 to 9) 17 (15 to 18)

False negatives (participants incorrectly classified as not
having tuberculosis disease)

1 (0 to 1) 2 (1 to 2) 3 (2 to 5)

2152

(19)

LOWa

⨁⨁◯◯

True negatives (participants without tuberculosis dis-
ease)

951 (922 to 969) 946 (917 to 964) 937 (908 to 954)

False positives (participants incorrectly classified as hav-
ing tuberculosis disease)

44 (26 to 73) 44 (26 to 73) 43 (26 to 72)

464,818

(19)

HIGH

⨁⨁⨁⨁

Abbreviations: CI: confidence interval
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*Tuberculosis disease prevalences of 0.5%, 1% and 2% were chosen based on the median prevalences among the studies for each index test, which ranged from 0.5% to 1.7%
and to be consistent with the WHO guidelines (WHO 2021a).
aDowngraded by two, due to serious risk of bias and serious inconsistency.
Serious risk of bias since only 3 of the 19 studies had low risk of bias in the Reference Standard domain and only 3 of 19 the studies had low risk in the Flow and Timing domain.
The sensitivity in studies with low risk in domain 3 or domain 4 is lower compared to studies with high or unknown risk.
Serious inconsistency due to a wide range in sensitivity (37% to 100%) with some overlap in CIs. Variables that may explain observed variation are WHO region (Africa versus Asia/
Pacific/other), and HIV prevalence, although the latter was not statistically significant (P = 0.074).
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B A C K G R O U N D

Target condition being diagnosed

Tuberculosis is an important infectious cause of morbidity and
mortality among adults worldwide. In 2019, there were an
estimated 10 million new cases of tuberculosis disease with 1.2
million tuberculosis deaths among HIV-negative people and an
additional 208,000 deaths among people living with HIV infection
(WHO 2020). An estimated one-quarter of the world's population
is infected with Mycobacterium tuberculosis, the micro-organism
that causes tuberculosis (Houben 2016). In humans, M tuberculosis
infection typically aKects the lungs (although it can aKect other
sites) and spreads by airborne transmission (Lawn 2011). Patients
with infectious tuberculosis spread bacilli, most commonly through
coughing. AMer initial infection, approximately 5% to 10% of
infected people develop tuberculosis disease, also called active
tuberculosis. Between 90% to 95% of infected people develop
a tuberculosis infection, which may reactivate at a later stage,
especially in the presence of conditions that aKect immunity
(including HIV infection, undernutrition, and old age) (Rieder 1999).
It can take months to years for people to develop symptomatic and
bacteriologically detectable tuberculosis. Tuberculosis infection
and tuberculosis disease are increasingly seen as two ends of a
continuous spectrum. In between these are early disease states
that may be described as incipient tuberculosis and subclinical
tuberculosis (Achkar 2011; Pai 2016). In the absence of diagnosis
and treatment, people with tuberculosis disease may be infectious
for prolonged time periods. Among HIV-negative people with
tuberculosis disease, the average duration until self-cure or death
is three years, and case fatality with no treatment is approximately
70% for people with sputum smear-positive tuberculosis (that is,
tuberculosis detectable using sputum smear microscopy) and 20%
for smear-negative tuberculosis (Tiemersma 2011).

Estimated incidence of tuberculosis disease is declining globally,
albeit slowly. The cumulative decline in estimated global
tuberculosis incidence has been 9% between the years 2015
and 2019, however this is below the cumulative decline of 20%
required to reach the 2020 milestone target of the World Health
Organization's (WHO) End TB Strategy, the goals set at the United
Nations High Level Meeting on Tuberculosis and the Sustainable
Development Goals (WHO 2020). In 2019, an estimated 2.9 million
people who developed tuberculosis remained undiagnosed or
unreported (WHO 2020). National tuberculosis prevalence surveys
have revealed a considerable burden of undiagnosed culture-
positive (that is, detectable with mycobacterial sputum culture),
smear-negative tuberculosis, and only a minority of those cases
report classical symptoms of tuberculosis (Law 2020; Onozaki
2015). Most tuberculosis cases are detected passively, among
symptomatic people seeking health care (Golub 2005). Passive
tuberculosis case detection results in considerable delays in
tuberculosis detection (Sreeramareddy 2009), and at the time
of diagnosis tuberculosis patients identified through passive
tuberculosis case detection have more signs of illness compared
to patients found through active tuberculosis case detection
(den Boon 2008; van't Hoog 2013). Thus, a large proportion
of patients with infectious tuberculosis will go undiagnosed if
only passive case detection is used. Improving tuberculosis case
detection to ensure early detection and treatment of those with
undiagnosed tuberculosis, and reduce the pool of infectious
tuberculosis that contributes to transmission (Corbett 2010; Marks

2019), is important to further reduce tuberculosis incidence and
mortality, and reach the global tuberculosis-related goals of the
End TB Strategy (WHO 2015). Therefore, more active approaches
are needed to increase tuberculosis case detection, and systematic
screening for tuberculosis disease is a possible means of achieving
this (Burke 2021; Lönnroth 2013).

Screening

In the guidelines on tuberculosis screening developed by WHO
and partners, systematic screening for tuberculosis disease is
defined as "the systematic identification of people with presumed
tuberculosis disease, in a predetermined target group, using
tests, examinations, or other procedures which can be applied
rapidly" (WHO 2013). Screening tests sort out apparently well
people who probably have a disease from people who probably do
not and are not intended to be diagnostic. People with positive or
suspicious findings must be referred for diagnosis and necessary
treatment (Wilson 1968). Screening is oKered systematically to
predetermined groups, and not only in response to a specific
request or complaint by an individual seeking care (Lönnroth 2013;
WHO 2013). While it oMen refers to screening outside of health
facilities, it can be oKered to those who seek health care (with or
without signs and symptoms compatible with tuberculosis) and
those who do not. The two main goals of systematic screening
for tuberculosis disease are (1) better health outcomes for people
with tuberculosis, through earlier detection and treatment; and
(2) more eKective reduction of tuberculosis transmission and
incidence through shortening the average duration of tuberculosis
infectiousness (Burke 2021; Lönnroth 2013; WHO 2013).

Index test(s)

This review focused on symptom and chest radiography (CXR)
screening. For symptom screening, individuals are questioned
about the presence of one or more symptoms considered
suggestive of pulmonary tuberculosis, which are respiratory
symptoms such as persistent cough, haemoptysis, or systemic
symptoms including weight loss, fever, night sweats, and fatigue
(Maher 2009). Symptom questions may be asked by health
workers or by trained lay workers. CXR as a screening tool
involves having participants undergo one posterior-anterior CXR
recording. DiKerent radiography technologies exist: conventional
CXR (producing a 36 cm x 43 cm film), digital radiography, and
mass miniature radiography (MMR) (Kerley 1942). In addition,
CXR classification systems may distinguish between presence or
absence of signs of lung parenchyma abnormalities, or signs
suggestive of tuberculosis, or additionally for signs of possible
extra-pulmonary tuberculosis such as pleural abnormalities
or cardiomegaly. Signs suggestive of tuberculosis require
interpretation by specialist CXR readers (usually radiologists
or pulmonologists), while the presence of any (pulmonary)
radiographic abnormality can be more easily interpreted by
healthcare workers with a general medical background (for
example, medical oKicers, clinical oKicers, and radiographers)
(van't Hoog 2011; WHO 2011).

Systematic screening for tuberculosis disease may be oKered
with either symptom or CXR screening, or with symptom and
CXR screening combined in parallel or sequentially (Figure 1;
Hayen 2010; van't Hoog 2014a). Sequential (or serial) screening
means that people are initially screened for symptoms, and are
subsequently oKered CXR if they have one or more symptoms.

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

10



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Parallel screening implies that both symptom and CXR screening
are oKered at the same time, and people found to have
symptoms, or CXR abnormalities, or both, are eligible for further
microbacteriological examination. This is practised in tuberculosis

prevalence surveys, for example, to achieve the highest sensitivity
possible, while at the same time avoiding the need for laboratory
investigations on all people being screened (WHO 2011).

 

Figure 1.   Algorithms composed of one or more screening methods and one or more confirmatory tests. In panel
A one screening tool is applied (e.g. symptoms) and screen positives are further evaluated by one confirmatory
test with high sensitivity and high specificity (e.g. Xpert MTB/RIF). In panel B one screening tool is applied (e.g.
symptoms) and screen positives are further evaluated by a confirmatory test with low sensitivity (e.g. sputum
smear microscopy), and persons with a negative test receive a second test or procedure (e.g. clinical diagnosis,
or sputum culture). In panel C two screening tools are applied (e.g. symptoms and chest radiography) and screen
positives on either one or on both are further evaluated with a confirmatory test. In panel D two screening tools are
applied sequentially. Screen positives on the first screen (e.g. symptoms) undergo a second screen (e.g. CXR) and if

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.
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also positive on the second a confirmatory test is applied. The single confirmatory test in panels C and D could also
be replaced by two steps as in panel B (van't Hoog 2014a).

 

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.
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Figure 1.   (Continued)

 

Clinical pathway

In a tuberculosis screening programme, the screening test(s) are
oKered as part of a diagnostic algorithm that also includes one
or more confirmatory tests. Individuals with a positive screen are
oKered further confirmatory testing to establish a tuberculosis
diagnosis. So called "true screen positives" are people rightfully
referred for confirmatory testing as they have tuberculosis
disease, and "false screen positives" are people who are referred
for confirmatory testing but do not have tuberculosis disease.
Individuals with a positive screen, but negative confirmatory test
would not necessarily be declared disease-free, but may be advised
on further examination or follow-up if warranted by the findings on
screening (for example, severity of symptoms or the CXR finding;
Okada 2012). People with a negative screen would not be further
evaluated. This group includes both the "true screen negatives"
who do not have tuberculosis and "false screen negatives", who
will not be evaluated further, although they do have tuberculosis.
The confirmatory test may be a nucleic acid amplification test
(NAAT) such as the Xpert® MTB/RIF assay (Cepheid, Sunnyvale,
CA), sputum smear microscopy, and in more resourced settings,
mycobacterial culture, either liquid or solid. These are also the
reference standards for the purpose of this review. People who have
a negative confirmatory test result may be started on tuberculosis
treatment aMer further clinical evaluation and a trial of broad
spectrum antibiotics, or CXR, or both.

Reference standards

The reference standard in this review includes microbiological
confirmation of pulmonary tuberculosis disease, for which one or
several test methods may be used:

Mycobacterial culture

Confirmation of mycobacterial growth in cultured sputum followed
by mycobacterial speciation to demonstrate M tuberculosis
presence is considered to be the reference standard. Culture on
liquid medium is believed to be the most sensitive, although
prior to the availability of automated reading of mycobacterial
growth inhibitor tubes (MGIT culture), culture on solid medium
(Löwenstein-Jensen (LJ)) was the mainstay, and may still be
the only available method in resource-constrained settings. MGIT
culture increases the recovery of mycobacteria by 11% to 18%
compared to LJ culture, but MGIT culture alone may have slightly
lower specificity due to higher contamination rates (Chien 2000;
Hanna 1999; Somoskövi 2000; Whitelaw 2009). The yield of
mycobacterial culture also increases if two or three specimens per
patient are tested (Monkongdee 2009).

Nucleic acid amplification tests (NAAT)

The Xpert® MTB/RIF assay is recommended by WHO as an initial
diagnostic test for tuberculosis detection in sputum in adults with
signs and symptoms of pulmonary tuberculosis (WHO 2020a). Xpert

Ultra and Truenat MTB or MTB Plus may also be used (WHO 2020a).
Xpert MTB/RIF is longest available and has, compared to culture,
summary sensitivity of 85% (95% credible interval (CrI) 82% to 88%)
and specificity 98% (95% CrI 97% to 98%) in a systematic review of
70 studies with high-certainty evidence (Horne 2019).

Sputum smear microscopy

Sputum smear microscopy is still a commonly available
tuberculosis diagnostic test, although no longer recommended
by WHO as the primary diagnostic method (WHO 2020a).
Sputum smear microscopy detects the presence of acid fast
bacilli (AFB), which is considered indicative of M tuberculosis in
high tuberculosis-incidence settings. Compared to culture, the
sensitivity of the Ziehl-Neelsen method (ZN) of sputum smear
microscopy shows wide variation, and is between 50% and 70%
in many studies (Steingart 2006a; Steingart 2006b). Direct ZN
microscopy specificity is 98% (95% confidence interval (CI) 97%
to 99%) (Cattamanchi 2010; Steingart 2006a; Steingart 2006b).
Sputum smears may also be positive due to the presence of
AFB that are not M tuberculosis, or to artefacts. Auramine-stained
fluorescence microscopy (FM) sensitivity has on average a 10%
higher sensitivity than ZN, but with slightly reduced specificity
(Steingart 2006a). Processing sputum by centrifugation and various
chemicals, including bleach and sodium hydroxide (NaOH), shows
varying levels of increase in the sensitivity of sputum smear
microscopy compared with the direct smear method, and similar or
slightly lower specificity (Cattamanchi 2010; Steingart 2006b).

Other types of tuberculosis disease

Other types of tuberculosis disease not covered by this review
include tuberculosis in sites outside the lungs, collectively called
extra-pulmonary tuberculosis (EPTB), a condition that may aKect
almost every other organ and which constitutes 16% of new
and relapse tuberculosis cases globally (WHO 2020), and culture-
negative pulmonary tuberculosis, characterized by clinical disease,
highly suggestive CXR abnormalities not explained by other
causes, but with a negative sputum culture (Maher 2009). Clinical
diagnosis and commencement of empirical tuberculosis treatment
is oMen practised in settings where mycobacterial culture is not
part of routine diagnosis for people with presumed pulmonary
tuberculosis disease who have negative sputum smears or oMen
in the case of presumed EPTB. Clinical algorithms that include a
trial of antibiotics and a CXR if the trial was not successful generally
have very low sensitivity, while tuberculosis diagnosis based on
CXR alone has low specificity (Soto 2011; Swai 2011; van CleeK
2003). In this review, we did not consider clinically diagnosed
tuberculosis as an acceptable reference standard because of
the lack of a uniform definition, poor and variable accuracy of
clinical algorithms, and the varying ability to establish diKerential
diagnoses across settings. EPTB and culture-negative pulmonary
tuberculosis may be detected through screening, especially in
high-income countries, but are not a primary focus of screening

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.
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programmes in other settings due to diagnostic challenges and low
probability of transmission. Also, we did not consider serological
tests in our review and they are not recommended for diagnosis of
tuberculosis disease by the WHO (Steingart 2007).

Rationale

This review aimed to contribute to updated WHO guidelines on
systematic screening for tuberculosis, which provide guidance
about whether, when, whom, and how to screen for tuberculosis
disease (WHO 2013; WHO 2021a). We compiled evidence about
the accuracy of the most frequently available screening tools, and
where possible generated summary estimates of the sensitivity
and specificity of symptoms, CXR, and combinations of those if
used as screening tools for tuberculosis disease. The accuracy
of the screening tools and the confirmatory tests, as well as the
tuberculosis prevalence in the screened population, will determine
the potential yield of any screening programme and the burden on
individuals and the health service. The latter includes the required
amount of confirmatory tests and possibly diagnostic tests and
procedures for other conditions. The WHO tuberculosis screening
guidelines aim to provide evidence-based recommendations on
populations that would benefit from screening, and on the
choice of diagnostic algorithms (combinations of one or more
screening test(s)) and confirmatory test(s)) in diKerent populations
and settings (Lönnroth 2013; WHO 2013). Therefore the yield of
tuberculosis, the positive and negative predictive values, and the
requirements in terms of diagnostic tests for diKerent diagnostic
algorithms have been calculated for diKerent levels of tuberculosis
prevalence as part of the guideline development process (van't
Hoog 2014a; WHO 2021a). This information should help policy-
makers choose the best diagnostic algorithm option for their
specific setting, taking into account the background tuberculosis
prevalence, available resources, and other logistical considerations
(for example, the availability of radiology or NAAT equipment). The
summary estimates of sensitivity and specificity of symptom and
CXR screening from this review can inform such calculations and
recommendations.

This review addresses tuberculosis screening among HIV-negative
people and people with unknown HIV status (a proportion of whom
may be HIV-infected). The risk of developing tuberculosis disease
among the 38 million people living with HIV was 18 (range 15 to 21)
times higher than in the rest of the global population (WHO 2020).
In resource-limited settings, tuberculosis disease is a common and
oMen undiagnosed cause of death (Gupta 2015). The sensitivity
of sputum smear microscopy and Xpert MTB/RIF is lower in HIV-
infected individuals with presumed tuberculosis (Getahun 2007;
Horne 2019). Therefore people living with HIV should be regularly
and systematically screened for tuberculosis disease according to
a clinical algorithm, at each visit to a healthcare facility (WHO
2018). In addition, people living with HIV who are unlikely to have
active tuberculosis and should be oKered preventive treatment,
regardless of their antiretroviral therapy (ART) status. Screening
algorithms for people living with HIV have been defined based
on other systematic reviews (Getahun 2011; Hamada 2018). The
recommended algorithm to rule out tuberculosis disease used
to be the Four Symptom Screen, meaning absence of any of
the four symptoms of current cough, fever, weight loss, or night
sweats and, if available, absence of abnormal radiographic findings
(Getahun 2011; WHO 2018). The latest WHO guidelines recommend
the Four Symptom Screen, C-reactive protein, CXR and molecular

WHO-recommended rapid diagnostic tests, depending on the kind
of sub-population and availability of resources (WHO 2021a). If
tuberculosis screening among people with unknown HIV status
is combined with HIV testing, then people who are HIV-positive
should be referred for HIV care and treatment if they are not yet
enrolled.

O B J E C T I V E S

To assess the sensitivity and specificity of questioning for
the presence of one or more tuberculosis symptoms, or
symptom combinations, or both; CXR; and combinations of
these as screening tools for detecting bacteriologically confirmed
pulmonary tuberculosis disease in people considered eligible for
tuberculosis screening who are HIV-negative or whose HIV status is
unknown.

Secondary objectives

To investigate heterogeneity, as far as data allow, in relation to:

• background epidemiology (prevalence of tuberculosis and of
HIV among the study population);

• risk groups targeted (for example, migrants, occupational
groups, prisoners, or the general population);

• reference standard (culture, Xpert MTB/RIF, sputum smear
microscopy);

• screen test definition;

• representativeness of the study design and study population for
intended screening practice;

• demographic characteristics of study participants (age, sex);

• geographic area and economic region.

We did not intend to make a formal comparison of the
accuracy of screening tests as part of this review. As part of a
WHO tuberculosis screening guideline development and update,
diagnostic algorithms composed of screening and diagnostic
methods were compared in decision models (van't Hoog 2014a),
and an update of this modelling study will be part of the updated
screening guidelines (WHO 2021a).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We have outlined any changes to the methods outlined in the
published protocol (van't Hoog 2014b) in the 'DiKerences between
protocol and review' section.

We included cross-sectional studies or observational cohort studies
where a series of participants were tested with symptom screening,
or CXR, or both, and the reference standard. We included studies
in which participants were randomized to diKerent screening tests
and all participants were verified by the same reference standard.
In randomized studies comparing screening strategies, we regarded
each arm as a separate cohort. Case control studies were not
included because of their potential to introduce bias in diagnostic
accuracy estimates (Rutjes 2006). Studies in which participants
with a negative screen undergo the reference standard are seldom
conducted due to intense resource requirements. Thus, studies
with the primary objective of evaluating the accuracy of a screening
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test are rare. Therefore, we also included studies with a diKerent
primary objective that could potentially provide relevant data
for our objectives. An example of such studies was community
tuberculosis prevalence surveys for which the primary goal was
measuring prevalence. Moreover, studies conducted as baseline
measurements of a tuberculosis incidence cohort or randomized
trial in which people with prevalent tuberculosis needed to be
excluded at baseline were eligible.

We only included studies from which diagnostic two-by-two tables
could be generated for a specific screen (symptom definition or
CXR finding, or a combination). That is, studies that reported data
from which we could extract true positives (TP), true negatives (TN),
false positives (FP), and false negatives (FN). We included studies in
which not all participants were subjected to the reference standard,
a common design in tuberculosis prevalence surveys whereby it is
assumed that people without tuberculosis suggestive symptoms
and without CXR abnormalities do not have tuberculosis disease.
Since this design feature may lead to biased accuracy estimates, we
addressed this in the quality assessment as described below under
Assessment of methodological quality.

We excluded studies in which screening was applied, but the
number of tuberculosis cases identified by the reference standard
was zero. For cohort studies, we only considered data from
tuberculosis cases that were identified from investigations initiated
at the time the screening was applied. Incident cases that arise
aMer the screening were not considered, unless the study evaluated
screening methods to identify the incident cases at the time of case
identification.

We included studies published from 1992 onwards because
from that time point the WHO-recommended directly observed
treatment short-course (DOTS) strategy was implemented, which
has led to improvements in passive case detection and
standardized treatment (Dye 1998). Prior to DOTS, case detection
was generally lower and any screening would result in predominant
detection of people with more advanced tuberculosis disease.
Since this epidemiological situation diKers from the situation
aMerwards, the results from older studies are not as relevant.
Moreover, older studies frequently screened using MMR, which was
an exclusion criteria as explained below (Index tests).

Participants

Included participants were individuals eligible for systematic
screening and not known to have tuberculosis disease at the
time of screening. We included all types of populations, so study
populations varied from the general population in an area with
high tuberculosis rates (for example, in mass case finding or
tuberculosis prevalence surveys) to specific target populations with
much higher tuberculosis prevalence than the general population.
Examples of specific populations are studies that target household
members of a patient diagnosed with tuberculosis, studies in
homeless populations, prison inmates, as well as studies about
screening for immigration or occupational purposes (for example,
among gold miners) where the goal may be to exclude people
with active disease rather than early disease detection. We
included studies regardless of whether the participants were
screened for the first time or only once, or a population enrolled
in longitudinal screening programmes with repeated screening
rounds at predetermined intervals, which may be a potential source
of heterogeneity.

The review focused on adults (15 years and older), but studies
that combined adults and children were included if adults were
a majority. We excluded studies focusing on young children
(0 to 5 years old) or paediatric tuberculosis only because the
clinical presentation of tuberculosis in young children diKers from
the presentation in adults and older children. Extrapulmonary
disease is more common in children, for example. If the lungs are
aKected, young children more oMen have paucibacillary disease,
and obtaining a sputum specimen can be diKicult. Furthermore,
clinical presentation including CXR findings are oMen part of the
reference standard (Graham 2012; Luabeya 2012). A Cochrane
Review on screening tests for active pulmonary tuberculosis in
children has been published (Vonasek 2021). We excluded studies
of HIV-infected people only.

We excluded studies that evaluated symptoms, or CXR, or both
in a typical passive case detection setting. This applies to
clinical settings where patients report to a health facility due to
illness and have symptoms and signs that warrant tuberculosis
investigations according to national or global guidelines for passive
case detection (TB CARE I. 2014). We included studies in an out-
patient context among people who would not be considered
a presumed tuberculosis case by such guidelines (for example,
attendants of diabetic clinics, antenatal clinics). Studies evaluating
CXR screening in a pre-selected symptomatic population were
outside the scope of this review and were excluded (e.g. Burgess
2001; Masur 2017); we report CXR index tests in populations defined
as eligible for screening regardless of the presence of symptoms.
Prevalence surveys, in which the reported bacteriologically positive
tuberculosis cases included some people who had already started
tuberculosis treatment, were included and described, since the
proportion of identified cases to whom this applies is usually small
(Hoa 2010; van't Hoog 2011b).

Index tests

For index tests based on symptom questions, we selected studies
that evaluated one or more author-defined symptoms or symptom
combinations, and categorized those into three commonly used
and recognizable definitions:

• 'Cough for two or more weeks': Presence of cough lasting for two
or more weeks. Prolonged cough is an important component
of the definition of presumed tuberculosis in clinical guidelines
(TB CARE I. 2014), recommending that all individuals with a
cough lasting for two or more weeks require examination for
tuberculosis. A small number of relatively older studies reported
on cough lasting three or more weeks, which we considered
obsolete as an index test based on these guidelines (TB CARE I.
2014). Contrary to an earlier version of this review (van't Hoog
2013a), we did not mix data on cough lasting for three or more
weeks with ≥ 2 weeks. Index test definitions that were described
as productive 'cough lasting two or more weeks', or 'cough
lasting for two or more weeks or haemoptysis' are included in
cough ≥ 2 weeks.

• 'Any cough': Presence of cough irrespective of its duration.

• 'Any tuberculosis symptom': Presence of at least one symptom
positive out of a combination of at least three symptom
questions, that should include cough and two or more systemic
symptoms such as fever, night sweats, and weight loss (Getahun
2011).
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Of studies reporting symptom combinations that did not meet the
above three definitions, we narratively describe the accuracy of
(i) combination of cough ≥ 2 weeks and in addition at least one
non-cough symptom, and (ii) the combination of two out of several
symptoms.

For CXR index tests, we included studies that used conventional
radiography (large films, chemical development), digital
radiography, or computed radiography (which is an 'upgrade' that
allows the production of digital radiographs by conventional X-
ray equipment). We excluded studies using MMR only, since this
method is not expected to be used for future screening purposes,
and has lower sensitivity compared to conventional CXR (Kerley
1942). With respect to the classification of abnormalities, we
included all author-defined classification systems, and categorized
these into the following:

• 'Any CXR abnormality', which in some studies implied any
pulmonary abnormality, and in other studies also included
cardiac abnormalities, or also abnormalities in other visible
organs. In the analysis this distinction was dealt with as a source
of heterogeneity.

• 'CXR abnormalities suggestive of tuberculosis'.

In addition, we reported on index tests that combine symptom
questions with CXR in parallel.

Data on CXR reading by computer soMware (Melendez 2017;
Muyoyeta 2017) were not included in this review, as they were
addressed in a separate study for the tuberculosis screening
guidelines (WHO 2021a). Data on index tests that combined
symptoms and physical examination (e.g. a score used in prisons;
Morasert 2018) were also outside the scope of this review.

Target conditions

The target condition of tuberculosis disease screening was
bacteriologically confirmed pulmonary tuberculosis disease,
characterized by the presence of M tuberculosis in sputum. We
included studies that, in their definition of a bacteriologically
positive tuberculosis case, allowed for the inclusion of people
with one positive sputum culture or smear or Xpert MTB/RIF
only but without symptoms or CXR abnormalities. Although this
may reflect an early stage of disease or infectiousness along the
tuberculosis spectrum (Pai 2016), it may also reflect laboratory
cross contamination. The latter two are not primary targets
of screening programmes and inclusion of these two states
as a tuberculosis case in a screening tool evaluation would
underestimate the sensitivity of the screening tool. We commented
on such studies in the Assessment of methodological quality
(Appendix 1). We excluded studies on tuberculosis infection only.

Reference standards

The reference standard was defined as any author-defined
combination of mycobacterial culture (on solid or liquid medium),
sputum smear microscopy, Xpert MTB/RIF, or other NAATs. When
not all participants had received the reference standard as defined
above, a study was included but it was considered to be at high
risk of bias or to have reduced applicability, as described in the
Assessment of methodological quality. In our earlier version of this
review (van't Hoog 2013a), we included studies with sputum smear-
positive cases only and discussed those separately. Such studies
were excluded from this review (Mahomed 2013; Masur 2017;

Sebhatu 2007), as NAATs are now recommended instead of sputum
smear microscopy as the primary test to diagnose tuberculosis
(WHO 2020), and the number of such studies was small.

Search methods for identification of studies

Electronic searches

We searched the databases MEDLINE (OVID), Embase (OVID),
LILACS (Latin American and Caribbean Health Science Information
database, BIREME), and HTA (Health Technology Assessment) from
January 1992 to 10 December 2018 to identify titles and abstracts
of peer-reviewed papers using the search terms listed in Appendix
2. We included combinations of three domains: (i) "tuberculosis"
and related terms, (ii) terms related to "screening", "survey",
"sensitivity", "specificity", and (iii) search terms related to the
reference standard, "bacterial culture", "microscopy" (Appendix 2).
We did not use a diagnostic search filter.

Searching other resources

We checked reference lists of relevant reviews and studies,
searched websites of the WHO Global Tuberculosis Programme,
and asked experts for relevant studies and unpublished reports,
which included the WHO repository of national prevalence survey
reports and summaries of those (WHO 2021b).

Data collection and analysis

Selection of studies

We screened for potentially eligible studies using broad criteria:
(i) the publication was original research; and (ii) titles, abstracts,
or key words suggested that symptom or CXR screening, or active
case finding for tuberculosis took place in humans and (iii) data
to determine the accuracy of a screening tool may be available.
Two authors reviewed all titles and abstracts independently for
eligibility. Studies were included for further assessment if they
met the inclusion criteria. There was no language restriction. We
developed a database of all articles, including full references and
abstracts, initially in Reference Manager (v12) (Reference Manager
12), and later in Covidence (Covidence), for studies from an
updated search from 2014 onwards. We obtained full-text articles
of these studies and two authors assessed study eligibility using the
predefined inclusion and exclusion criteria. The authors resolved
any disagreements through discussion and, if necessary, with a
third author.

Data extraction and management

We developed electronic data-extraction forms in Google forms
and MicrosoM Excel (MicrosoM Excel), which were pilot tested by
several authors. Two authors extracted all relevant data from the
included studies independently, and discussed inconsistencies to
reach consensus. For studies searched before 2014, one author
extracted all relevant data and a second author checked the data
extraction. The two authors discussed inconsistencies to obtain
consensus.

The data extraction form included the following variables:

• Authors, publication year, journal.

• Study level characteristics: country in which the study was
conducted (classified according to economic region: low, middle
or high income); setting, risk groups included (occupational,
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general population, immigrants), urban or rural setting; study
design; method of participant selection; number of participants
enrolled; number of participants for whom results were
available.

• Study participant characteristics: age (mean or median), sex (%
female), HIV prevalence among study participants (if data on
HIV prevalence were not available in the study report(s) and
the study closely resembled the general population, we used
data from the Joint United Nations Programme on HIV and
AIDS (UNAIDS) reports for the same year or country national
reports on HIV), the proportion of participants with a reported
history of previous tuberculosis, and the proportion reporting
current smoking, if available. If data on current smoking were
not available, these data were taken from the Tobacco Atlas year
closest to the study, as indicated in Characteristics of included
studies.

• First or one-oK screening versus repeated screening at
regular intervals. If the latter, we recorded whether the same
participants were included more than once in the analysis.

• Prevalence of target condition (pulmonary tuberculosis, sputum
smear-positive, bacteriologically positive) in the population. In
addition, we also recorded the tuberculosis case notification
rate (per 100,000 population) in the study population or,
if unavailable in the region or country, either from the
introduction or methods sections of the publication, or
elsewhere.

• Stage of infection: proportion of the true tuberculosis cases
included in the report that are bacteriologically positive, but
have no signs of active disease (are asymptomatic and have
no CXR abnormalities, and no bacteriological confirmation at a
second point in time).

• Treatment status: number and proportion of true tuberculosis
cases who were already on tuberculosis treatment at the time of
screening.

• Reference standard: culture and type of medium (solid or liquid),
microscopy and type (light or fluorescence), Xpert MTB/RIF or
other NAAT; number of samples per individual tested, number
of positive samples required for positive diagnosis, definition
of positivity, other criteria included in the reference standard.
We also included an exact narrative of the definition and
recorded the definitions of the classifications for each included
publication.

• Index tests: author definition of the index test, total number
of symptoms asked for; radiography equipment type, CXR
classification definition, type or reader (expert, radiologist, or
pulmonologist; general medical oKicer; clinical oKicer; nurse;
radiographer; other).

• Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2)
items (Appendix 1).

• Details of outcomes: the number of TP, TN, FP, and FN; number
of participants missing or unavailable test results.

Assessment of methodological quality

Two review authors independently assessed the methodological
quality of included studies using the tailored QUADAS-2 instrument
(Whiting 2011). We assessed each of the four domains (Patient
Selection, Index Test, Reference Standard, Flow and Timing) in
terms of risk of bias, and the first three domains in terms of
concerns regarding applicability to the review question. The tool
with signalling questions tailored to this review can be found in

Appendix 1. We resolved any disagreements through discussions
to reach consensus. If needed, we reached consensus through
discussion with a third author.

We identified a number of quality concerns in the Reference
Standard domain that are specific to this review. We considered a
number of microbacteriological reference standards as equal, and
of high quality: 1) mycobacterial culture followed by mycobacterial
speciation; 2) Xpert MTB/RIF or other NAAT, and 3) two positive
smears but only in studies where participants were tested with
sputum smear and culture (or sputum smear and Xpert MTB/RIF or
other NAATs) and a small proportion (≥ 10%) of cases were defined
based on two positive smears due to contaminated or negative
or missing culture results. We added review-specific signalling
questions to better capture potential incorporation and verification
biases in the assessment of studies in which not all study
participants were verified with the microbacteriological reference
standard. A common study design that we included was that of
national tuberculosis prevalence surveys (WHO 2011), in which
participants with pre-defined symptoms or CXR abnormalities,
or both, are further examined with microbiological tests and
classified as either reference standard positive or negative based
on microbiological test results. However, participants without pre-
defined symptoms and without CXR abnormalities were assumed
not to have tuberculosis and were defined as reference standard
negative without further microbiological confirmation. We judged
such designs as being at high risk of bias for the Reference Standard
domain. This incorporation bias likely results in overestimation
of sensitivity. The specificity of studies with incorporation bias is
probably aKected to a lesser degree, due to the high proportions of
people who tested negative for tuberculosis in this type of study. We
considered inclusion of a high proportion of tuberculosis cases who
had one positive sputum culture, or Xpert MTB/RIF, or smear at one
point in time without any symptom or CXR abnormality or a positive
confirmation test at a second time point to be an applicability
concern. We classified the concern as low if the proportion of less
applicable cases was ≤ 10%.

In the Flow and Timing domain, we assessed whether all study
participants who were supposed to have had a microbiological
test according to the authors' study design, actually had the
required test(s) and had results. We considered the risk of bias
low when ≥ 95% had results, and high risk of bias when < 90%
had results available. We found this to be reasonable because of
the low prevalence of the target condition in almost all studies,
implying that the absolute number of missing test results quickly
outnumbers the absolute number of true cases identified. In cases
where between < 95% and ≥ 90% of results were available, we made
a study-specific judgement.

With respect to the Index Test domain, a potential concern was
that in studies with a national prevalence survey design, the index
tests (both symptom and CXR) served as criteria to determine if
microbiological sputum examination would take place. This could
bias the interpretation of the index tests if implicit judgements
influence the interpretation. However, in these large national
surveys both the interview and CXR interpretation procedures
are highly standardized, and are not meant to clinically judge
a tuberculosis diagnosis, and the study staK are well trained.
Therefore, in these cases, we judged the risk of bias to be low.
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Statistical analysis and data synthesis

We reported the number of included studies and participants
for each index test definition, and the distribution of study
populations. We generated diagnostic two-by-two tables, from
which we calculated sensitivities and specificities for each index
test with 95% CIs; we presented these figures in paired forest
plots for each study. In addition, we used a receiver operating
characteristic (ROC) plot of sensitivity versus 1-specificity to display
the data for each index test. We performed meta-analyses of
pairs of sensitivity and specificity using bivariate random-eKects
methods (Reitsma 2005) for the index test definitions described
above. The bivariate model was preferred because all index tests
produced binary results for which an implicit threshold was
assumed. We developed the bivariate model in Stata(Stata). We
evaluated subgroups and screen definitions for which we were
unable to provide meaningful summary estimates of sensitivity and
specificity using descriptive methods.

Investigations of heterogeneity

We examined the forest plots and ROC plots visually for
heterogeneity. We analyzed potential sources of heterogeneity
for each index test, one by one, as categorical covariates in a
hierarchical mixed-model (using Stata XTMELOGIT), and examined
whether the variable modified sensitivity, specificity, or both. We
used the data described under Data extraction and management
to create variables for investigations of heterogeneity. We
first visually examined continuous variables in scatterplots and
recoded these to categorical variables if the plots suggested a
possible association with sensitivity or specificity. In presentation,
we divided the variables by study-level characteristics, study
participant characteristics, and index test characteristics. Some
variables were combined or not used due to overlap with other
variables or missing data (for example, almost all studies in a
general population were mixed urban-rural). We dealt with study
methodology assessments by QUADAS-2 in sensitivity analyses.

We treated study-level characteristics as follows:

• The study designs and populations largely overlapped and were
combined in one binary variable reflecting studies in the general
population, which were almost all tuberculosis prevalence
surveys, versus studies in specific populations, of which the
majority were routine screening or special active tuberculosis
case finding activities. The specific populations comprised a
wide range and were not further subdivided as this would have
resulted in very small numbers per category.

• The prevalence of tuberculosis disease in the study population
was calculated from the two-by-two tables and categorized as <
0.5%, ≥ 0.5% and < 2%, ≥ 2%.

• Geographic region, captured as WHO region, was categorized as
Africa (approximately half of the studies), versus Other (of which
the majority were studies from the Asia and Pacific regions, and
< 5% were from the Eastern Mediterranean and the Americas
regions combined).

• Economic region was categorized as low-income country (LIC),
lower-middle income country (LMIC), and upper-middle income
country (UMIC). One study from a high-income country and was
added to UMIC.

Study participant characteristics were categorized as follows:

• HIV prevalence among the study population was recoded as low
(≥ 1%), high (> 1%) based on the UNAIDS definition of a general
epidemic (UNAIDS 2015), or very high (> 5%).

• Mean/median age of the study populations was categorized as <
35 years versus ≥ 35 years, based on the median.

• Smoking prevalence was divided into < 10% versus ≥ 10%, based
on the median.

• The proportion of study participants reporting previous
tuberculosis treatment was divided into three categories: < 5%,
≥ 5%, or missing.

For the index test 'any tuberculosis symptom' we examined
whether the number of symptoms asked modified accuracy, and
for the index test 'any CXR abnormality' whether the accuracy
was modified by the definition: 'any pulmonary abnormalities' or
also abnormalities in other visible organs. For CXR index tests we
also examined if accuracy was modified by type of interpreter,
categorized as specialist versus a category combining medical
oKicer, clinical oKicer or other clinician. We examined possible
associations between categorical covariates with the Fisher's exact
test.

Sensitivity analyses

To explore whether the summary results were robust to
methodological challenges, we performed sensitivity analyses
using the QUADAS-2 judgements. We assessed whether the
summary estimates and 95% CIs changed when excluding studies
with quality concerns. We examined the robustness of the results
for the choice of the microbiological methods used in the reference
standard. We also examined whether exclusion of studies with
a partially repeatedly screened population (a minority) altered
the summary estimates in a sensitivity analysis (and not as a
heterogeneity investigation) as the number of such studies was very
low. Six studies in populations with high HIV prevalence reported
accuracy separately for the HIV-positive and HIV-negative study
participants. The HIV-negative populations of these studies were
included for the primary analysis. In sensitivity analyses, the two-
by-two data of the HIV-negative data were replaced with those of
the mixed HIV-negative and HIV-positive population. Results of the
sensitivity analyses are shown only if a noticeable change in the
estimates was observed.

Assessment of reporting bias

We did not assess the risk of reporting bias in the included studies.

Certainty of the body of evidence

We assessed the certainty of evidence using the GRADE
methodology (Schünemann 2020a; Schünemann 2020b).

Certainty of evidence and search date

AMer completion of the review based on the above search we
explored if adding an updated search would potentially reach a
higher certainty of evidence and therefore more firm conclusions.
We conducted an updated search in MEDLINE and Embase on 2 July
2021 and restricted the search to records that included tuberculosis
terms, DTA terms, and terms for our reference standard in title or
abstract. This set would most likely include studies of high quality.
We then assessed the restricted set using the review's eligibility
criteria and of the studies that were eligible for inclusion, we
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assessed risks of bias and applicability concerns in the QUADAS-2
domains.

R E S U L T S

Results of the search

The electronic database search identified 9473 titles and abstracts
(Figure 2). Through expert consultation we identified 31 reports on
national tuberculosis prevalence surveys as eligible for inclusion
(of which eight were already captured in the search of the
electronic databases), and we identified 957 potential relevant
articles through reference checking. AMer removal of duplicates,
we assessed 10,415 titles and abstracts, of which we identified

430 (4%) for full-text review. In the full-text assessment 364
articles were excluded. The most common reasons for exclusion
were that the study design did not allow evaluation of the
sensitivity and specificity of a screening test, usually because one
screening method was used (oMen symptoms) and only screen
positives were further evaluated by a reference standard. In 175
(48%) publications the data required to construct a diagnostic
two-by-two table were not or insuKiciently reported. In total,
66 publications and reports provided data on 59 studies. Two
publications provided data on multiple studies (Claassens 2017a;
Morishita 2017a), either in diKerent geographic areas, or diKerent
populations.
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Figure 2.   Study flow diagram.

 
Most studies (n = 36; 61%) were conducted in the general
population, followed by six (10%) in (household) contacts, five (8%)
in prison inmates, and the remainder (n = 12; 21%) in a wide variety
of special populations like migrants, homeless, or occupational
settings, each represented by one or two studies. All but seven
studies (12%) involved adults only, either from 15 or 18 years
and older. For the seven studies that included adults and children

accuracy data could not be disaggregated by age, but in all studies
children < 15 years of age were a minority.

Most studies included in the meta-analyses provided data on
multiple index tests. Forty-eight studies reported on one or more
symptom index tests. Thirty-seven studies reported on CXR as a
screening index test, either read for any abnormality (n = 23), which
may or may not have included other visible organs in addition to
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the lungs, or read for abnormalities suggestive of tuberculosis (n
= 19), or both (n = 5). In three instances when data were available
to construct a 2 x 2 table more than once for the same index test
(CXR) in (almost) the same study population, we selected the most
complete (Kapata 2016; Melendez 2017) or most recent report (MoH
Cambodia 2005; MoH Cambodia 2012), or made a random choice
(van't Hoog 2011).

The additional search results to 2 July 2021 were subject to the
same screening and assessment procedure, and we have detailed
the results in Appendix 3. Of the seven additional studies identified,
all were small, at high risk of bias, and outside the main comparison
in this analysis. It was clear these would make no material
diKerence to the review findings or grading of the evidence, and
we did not included these additional studies in this edition of the
review. The full details of the assessment are in Appendix 3.

Methodological quality of included studies

Figure 3 and Figure 4 show the review authors' judgements on risk
of bias and applicability concerns for CXR index tests as a group.
We judged the risk of bias to be high for > 90% of studies in the
Reference Standard domain, and for over half of the studies in the
Flow and Timing domain. High risk of bias was less common in the
domains Patient Selection and Index Test. We judged applicability
concerns low in > 80% of studies in all three domains. For CXR
index tests, no study was judged to be at low risk of bias and low
applicability concerns in all domains. The most common reasons
for high risk of bias were incorporation bias and verification bias.
Similarly, for symptom index tests as a group, high risk of bias
judgements were most frequent in the Reference Standard and
Flow and Timing domains (Figure 5; Figure 6), and we judged only
one study to be at low risk of bias and to have low applicability
concerns in all domains.

 

Figure 3.   Risk of bias and applicability concerns graph for CXR index tests: review authors' judgements about each
domain presented as percentages across included studies.
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Figure 4.   Risk of bias and applicability concerns summary for CXR index tests: review authors' judgements about
each domain for each included study.
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Figure 4.   (Continued)

 
 

Figure 5.   Risk of bias and applicability concerns graph for symptom question index tests: review authors'
judgements about each domain presented as percentages across included studies.
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Figure 6.   Risk of bias and applicability concerns summary for symptom question index tests: review authors'
judgements about each domain for each included study.
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Figure 6.   (Continued)
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Figure 6.   (Continued)

 
More granular graphs of risk of bias and applicability concerns
(displaying judgements separately for each index test) are

presented for symptom index tests in Figure 7, CXR index tests in
Figure 8, and for CXR and symptoms in parallel in Figure 9.
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Figure 7.   QUADAS-2 summary of symptom index tests.
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Figure 7.   (Continued)

 
 

Figure 8.   QUADAS-2 summary for each CXR index test.
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Figure 9.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies.

 

Findings

Index tests based on symptom questions

Cough for two or more weeks

Forty-one studies contributed to the index test cough ≥ 2 weeks,
of which 26 (63%) were in the general population and 15 in other

populations (Figure 10). In total, 7179 participants contributed
to the estimation of sensitivity, which ranged between 10% and
100%. For this index test, the most extreme values were in studies
with smaller sample sizes and wider 95% CIs, as well as in
studies with larger numbers of tuberculosis cases. Specificity was
more homogenous, ranging from 68% to 99%, to which 1,540,179
participants contributed.

 

Figure 10.   Forest plot of studies providing data on index test 'Cough for 2 or more weeks'. CI: confidence interval;
FN: false negative; FP: false positive; TN: true negative; TP: true positive.

 
The summary sensitivity of cough ≥ 2 weeks was 42.1% (95%
CI 36.6% to 47.7%; very low-certainty evidence because of very
serious risk of bias and serious inconsistency), and the summary

specificity was 94.4% (95% CI 92.6% to 95.8%; high-certainty
evidence) (Figure 11; Summary of findings 1).
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Figure 11.   Summary ROC plot of index tests: 'Any tuberculosis symptom', 'Cough of any duration', 'Cough for 2
or more weeks'. The plot shows summary estimates, 95% confidence (dotted lines) and 95% prediction intervals
(dashed lines).

 
Cough of any duration (any cough)

Twenty-one studies contributed to any cough, of which 15
(71%) were in the general population (Figure 12). In total, 2734
participants contributed to the estimation of sensitivity, which

ranged between 0% and 100%, again with the most extreme
values from studies with smaller sample sizes and wider 95% CIs.
Specificity was more homogenous, ranging from 43% to 99%, and
768,291 participants contributed.
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Figure 12.   Forest plot studies providing data on index test 'Cough of any duration'. CI: confidence interval; FN: false
negative; FP: false positive; TN: true negative; TP: true positive.

 
The summary sensitivity was 51.3% (95% CI 42.8% to 59.7%; very
low-certainty evidence because of very serious risk of bias and
serious inconsistency), and the summary specificity was 87.6%
(95% CI 81.6% to 91.8%; low-certainty evidence because of serious
inconsistency and serious imprecision) (Figure 11; Summary of
findings 2).

Any symptom positive out of three or more tuberculosis-
related symptom questions, including cough (any tuberculosis
symptom)

Twenty-nine studies contributed data to any tuberculosis
symptom, of which approximately half (n = 15) were in a

general population. In total, 4180 participants contributed to
the estimation of sensitivity, which ranged from 18% to 100%
(Figure 13). Again, the most extreme values originated from
studies with small numbers of participants, which had wide and
overlapping 95% CIs. However, among larger studies, variation
was also considerable. Estimations of specificity represent 506,712
participants. Specificity varied from 13% to 99%, with narrow 95%
CIs for all studies.

 

Figure 13.   Forest plot of studies providing data on index test 'Any tuberculosis symptom'. CI: confidence interval;
FN: false negative; FP: false positive; TN: true negative; TP: true positive.

 
The summary sensitivity was 70.6% (95% CI 61.7% to 78.2%; very
low-certainty evidence because of very serious risk of bias and
serious inconsistency), and specificity was 65.1% (95% CI 53.3%

to 75.4%; low-certainty evidence because of serious inconsistency
and serious imprecision) (Figure 11; Summary of findings 3).
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Definition of any tuberculosis symptom (i.e. which symptom
questions were asked) did not explain the variation. The number of
symptoms asked ranged between 3 and 9 (median 5). In 16 studies
with 3 to 5 symptom questions asked, sensitivity was 73.6% (95%
CI 61.1% to 83.2%) and 67.0% (95% CI 54.6% to 77.3%) in 13 studies
in which 6 to 8 questions were asked (P = 0.13). Specificity was not
associated with number of symptom questions (65.3% for 3 to 5 and
65.2% for 6 to 8 questions).

Investigations of heterogeneity

Of the study-level and participant-level characteristics examined as
possible explanations for heterogeneity of symptom index test(s),
Table 1 shows the variables that were statistically significant
modifiers of either sensitivity, or specificity, or both. At the study
level, sensitivity of all three symptom index tests diKered by country
income level and was highest in studies from LICs compared to
LMICs, and lowest in UMICs. Yet, the pattern in specificity was
not consistent. The specificity of cough ≥ 2 weeks was higher
in studies with lower tuberculosis prevalence (P = 0.03), but
this trend was not statistically significant for any cough and
any tuberculosis symptom. Of participant-level characteristics,
the proportion reporting prior tuberculosis treatment modified
sensitivity of both cough ≥ 2 weeks and any cough. Among studies
reporting a higher proportion of prior tuberculosis treatment,
sensitivity was lower, but for any tuberculosis symptom this was
not statistically significant. Studies with high smoking prevalence
showed higher sensitivity of any tuberculosis symptom, compared
to lower smoking prevalence (76.2%, 95% CI 66.7% to 83.6%) versus
58.4% (95% CI 42.7% to 72.7%), P = 0.069), but this pattern was not
found in cough ≥ 2 weeks and any cough. With respect to overlap
between variables shown in Table 1, a higher proportion of previous
tuberculosis was more common in the UMICs for all three symptom
index tests (P < 0.05, Fisher's exact test). For any tuberculosis
symptom, a higher proportion of previous tuberculosis overlapped
with high smoking prevalence (P = 0.01). HIV prevalence did not
modify sensitivity or specificity of any of the symptom index tests.

Sensitivity analyses symptom index tests

Exclusion of studies at unclear or high risk of bias, or with
applicability concerns in the Patient Selection domain (Figure 7)
did not change the summary estimates for cough ≥ 2 weeks and
any cough. However, for any tuberculosis symptom, this resulted
in a lower sensitivity and a higher specificity (Table 2). High
risk of bias in the Reference Standard domain was present in
the majority of studies. Restriction to studies with low risk of
bias for this domain reduced the summary sensitivity estimate
of all three symptom index tests and increased specificity. High
risk of bias in the Flow and Timing domain was also common
and restriction to studies with low risk of bias for this domain
showed a similar pattern. Similar to CXR index tests, restriction
to studies with a microbiological reference standard on at least
20% of participants lowered the sensitivity of cough ≥ 2 weeks and
any cough, but less so for any tuberculosis symptom. Restriction
to studies that included culture in the microbiological reference
standard (with or without smear microscopy) resulted in a lower
sensitivity and higher specificity of any tuberculosis symptom.
Restriction to studies with Xpert MTB/RIF included in the reference

standard but not culture (n = 7) resulted in a higher sensitivity and
considerably lower specificity compared to the overall summary
summary. Nevertheless, data are not shown as 5/7 of these studies
were from one publication (Morishita 2017a), and shared other
characteristics and biases, making it hard to attribute diKerences in
accuracy to the reference standard.

Six studies from African countries with a high prevalence of HIV
provided accuracy data on symptom index tests (any tuberculosis
symptom n = 6; any cough n = 3, cough ≥ 2 weeks n = 4) separately
for the HIV-negative and HIV-positive populations. We included the
HIV-negative populations in our primary analyses given our review
objectives. In additional sensitivity analyses, these studies were
replaced with the data of their full study populations, thus also
changing the HIV prevalence for these studies. The eKect of this
decision on summary estimates was minimal (data not shown).
Furthermore, this decision did not change our previous finding
regarding HIV prevalence not significantly modifying the sensitivity
or specificity of symptom index tests.

Other symptom index test definitions

Six studies provided data on cough for three or more weeks
(≥ 3 weeks). However, this definition was obsolete aMer clinical
guidelines were changed to indicate that all persons with cough
≥ 2 weeks require further examination for tuberculosis. In two
studies providing data both on cough ≥ 2 weeks and cough ≥ 3
weeks, enabling a within-study comparison of these two tests, the
latter had slightly lower sensitivity and slightly higher specificity
(Appendix 4).

A number of included studies provided data on other symptom
combinations than those described above, mostly from post-hoc
analyses comparing diKerent combinations of the symptoms asked
in the respective studies. The definitions of these other symptom
combinations were quite heterogenous and therefore not further
pooled in a meta-analysis. The most common combinations were
cough ≥ 2 weeks and in addition at least one non-cough symptom,
or a combination of two out of several symptoms. These are shown
in Table 3, to give an impression how the sensitivity and specificity
of such combinations lie in between those of cough ≥ 2 weeks
and any tuberculosis symptom in the same studies (n = 10). Any
comparisons between these tests or test combinations should be
interpreted with caution, as a formal comparison was outside the
scope of this review and these informal comparisons may reflect
(very) low-certainty evidence. For additional combinations that
were occasionally reported, we refer to the respective publications
(Claassens 2017a; Corbett 2010b; Lewis 2009b).

Chest radiography index tests

Any CXR abnormality

Twenty-three studies contributed to this index test, of which
all but three were conducted in the general population (Figure
14). In total, 4532 participants contributed to the estimation
of sensitivity, which ranged between 70% and 100%. The most
extreme values were in studies with smaller sample sizes and wider
95% CIs. Specificity ranged from 71% to 99%, to which 1,034,525
participants contributed.
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Figure 14.   Forest plot of studies providing data on index test 'Any CXR abnormality'. CI: confidence interval; FN:
false negative; FP: false positive; TN: true negative; TP: true positive.

 
The summary sensitivity was 94.7% (95% CI 92.2% to 96.4%; very
low-certainty evidence because of very serious risk of bias and
serious inconsistency), and the summary specificity was 89.1%
(95% CI 85.6% to 91.8%; low-certainty evidence because of serious
inconsistency and serious imprecision) (Figure 15; Summary of
findings 4). Specificity of the index test definition that included
abnormalities in other visible organs was 85.1% (95% CI 78.3% to

90.1%, n = 8), and specificity of pulmonary abnormalities only was
90.8% (95% CI 87.0% to 93.5%, n = 15). (Note: the two definitions
were not compared in the same studies). This index test definition
was not a statistically significant modifier of specificity (P = 0.096)
(Figure 15). Sensitivity did not diKer between index test definitions
(94.5% and 95.6% respectively).
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Figure 15.   Summary ROC plot of index test 'Any CXR abnormality', stratified by studies restricting to pulmonary
abnormalities only versus studies that also included extrapulmonary abnormalities like cardiomegaly. The plot
shows summary estimates, 95% confidence (dotted lines) and 95% prediction intervals (dashed lines).

 
CXR abnormalities suggestive of tuberculosis

Nineteen studies contributed to this index test, of which 11 were
in the general population and four in prison inmates (Figure
16). In total, 2152 participants contributed to the estimation of

sensitivity, which ranged from 37% to 100%, with the most extreme
values mostly from smaller studies. Specificity ranged from 84% to
100%, to which 464,818 participants contributed. Studies with low
sensitivity had high specificity.
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Figure 16.   Forest plot of studies providing data on index test 'CXR abnormalities suggestive of tuberculosis'. CI:
confidence interval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.

 
The summary sensitivity of CXR abnormalities suggestive of
tuberculosis was 84.8% (95% CI 76.7% to 90.4%; low-certainty
evidence because of serious risk of bias and serious inconsistency),
and the summary specificity was 95.6% (95% CI 92.6% to 97.4%;
high-certainty evidence) (Summary of findings 5).

Investigations of heterogeneity

Of all study-level and participant-level characteristics examined
as possible explanations for heterogeneity, Table 4 shows the
variables that were statistically significant modifiers of either
sensitivity, or specificity, or both. For both CXR index tests,
sensitivity was lower in studies in the Africa region compared to
other regions combined, but specificity was not associated with
geographic region. In studies with lower tuberculosis prevalence,
the sensitivity of both CXR index tests was lower, and specificity
higher, although the former was only statistically significant for
any CXR abnormality, and the latter only for CXR abnormalities
suggestive of tuberculosis. The sensitivity of any CXR abnormality
was lower in studies with a lower smoking prevalence among the
population, and in studies with on average a younger population,
but specificity did not diKer. For CXR abnormalities suggestive of
tuberculosis, sensitivity was also lower in studies with a lower
prevalence of smoking, but this diKerence was not statistically
significant. The categorical variables shown in Table 4 overlapped
considerably, especially for the any CXR abnormality group:
compared to the African region, studies from other regions had a
higher median or mean age (P = 0.04) and smoking prevalence (P
= 0.005). Also the median or mean age, tuberculosis prevalence
and smoking were associated with each other (P = 0.03, P = 0.02,
P = 0.05 respectively). Among the CXR abnormalities suggestive

of tuberculosis group, the higher age and prevalence of smoking
categories were more common in the other regions but were not
statistically significant. HIV prevalence was higher among studies
from the African region, for both CXR index tests (P = 0.04, P =
0.06). For CXR abnormalities suggestive of tuberculosis, sensitivity
was lower with increasing HIV prevalence, but not statistically
significant. CXR interpretation by specialists was less frequent in
the African region. For Any CXR abnormality two of 10 studies with
available data reported specialists, compared to 8/12 studies in the
Asian/other regions; P = 0.04). For CXR abnormalities suggestive of
tuberculosis the frequency of specialist interpreters did diKer by
region (5/8 in the African versus 6/9 in the Asian/other region s; P
= 0.57). The sensitivity of specialists was slightly higher for both
CXR index tests, but the diKerence in sensitivity and in specificity
between type of CXR interpreter was not statistically significant.

Sensitivity analyses CXR index tests

Of the results of sensitivity analyses based on QUADAS-2 domains
and other study design features, Table 5 shows the results that
diKered substantially from the primary meta-analytic estimates
of any of the CXR index tests. Of the QUADAS-2 domains (Figure
8), risk of bias in the Reference Standard domain (absence of
verification with a microbiological reference test) is an important
issue, as we explained previously. We expect this feature to mainly
bias sensitivity. The number of studies with low risk of bias in the
Reference Standard domain was too small for model convergence
for summary estimates. The ROC plot suggested lower accuracy in
studies with a low risk of bias in the Reference Standard domain
(Figure 17).
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Figure 17.   Summary ROC plot of index tests 'Any CXR abnormality' and 'CXR abnormalities suggestive of
tuberculosis' each stratified by high versus low risk of bias in the QUADAS-2 reference standard domain (see
Footnote). The plot shows summary estimates, 95% confidence (dotted lines) and 95% prediction intervals (dashed
lines). The number of studies with low risk was too low for meta-analyses, hence a summary estimate is not shown.
Footnote: The full QUADAS-2 question referred to in the legend is: Could the reference standard, its conduct, or its
interpretation have introduced bias?

 
As a diKerent approach to examining the eKect of excluding studies
at high risk of bias, we restricted the analysis to seven studies in

which 20% or more of participants had a microbiological reference
standard. This decision did not change summary sensitivity,
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but resulted in a lower specificity, and more so for any CXR
abnormality. Restriction to studies with low applicability concerns
in the Reference Standard domain slightly reduced summary
sensitivity for abnormalities suggestive of tuberculosis, but not
for any CXR abnormality. When restricting to studies with low risk
in the Flow and Timing domain, summary specificity was slightly
higher for both CXR index tests compared to the primary meta-
analysis. Summary sensitivity of CXR abnormalities suggestive of
tuberculosis was lower, for which only three studies were available.
Although some sensitivity analyses resulted in a (slightly) diKerent
summary sensitivity or specificity, the CIs of all these results largely
overlapped with those of the primary meta-analyses due to the loss
of precision.

Chest radiography and symptom questions in parallel

Twenty-five studies contributed to the index test that combines
CXR and symptom questions in parallel. This index test is
diverse in its definition. Almost half of the studies reported on
CXR abnormalities suggestive of tuberculosis, the other half on
pulmonary abnormalities, and two on any CXR abnormality (Figure
18). These were combined with questions on cough, mostly cough
≥ 2 weeks, while a few studies used cough ≥ 3 weeks or any
cough. Some studies used a combination of symptoms or a score
based on diKerent symptom questions. Table 6 shows each study
with available data for accuracy of 'parallel CXR and symptom
index test' alongside the accuracy of CXR in the same study, as
an informal comparison, reflecting very low-certainty evidence.
Generally, adding symptoms in parallel to CXR screening might

increase sensitivity, and reduce specificity. For the addition of
cough ≥ 2 weeks to any (pulmonary) CXR abnormality (n = 9)
the median increase in sensitivity and decrease in specificity
was 1.6% (range -9.4 to +11%) and -3.2% (range -0.3 to -6.2%)
respectively. However this varied between studies in this subgroup
and at the same time overlap with studies applying other symptom
and CXR definitions (Table 6; Figure 19). We meta-analysed these
parallel index tests separately for subgroups of more homogenous
definitions of CXR classification and symptom questions applied,
but then combined them into one overall estimate, as the summary
sensitivity and sensitivity of the subgroups were very similar to
each other (Table 7). The summary sensitivity of all studies (n = 25)
was 99.6% (95% CI 98.3% to 99.9%) and summary specificity was
84.2% (95% CI 81.1% to 87.0%). In all but one study, we judged the
risk of bias in the Reference Standard domain to be high, mostly due
to incorporation bias as participants without CXR abnormalities
and without symptoms were classified as not having tuberculosis
and ineligible for further confirmation by microbiological sputum
tests. Restricting the analysis to studies in which at least 20%
of all participants received microbacteriological testing (Table 7)
widened the confidence interval for sensitivity (99.0%, 95% CI
93.5% to 99.8%) and substantially reduced specificity to 74.5%
(95% CI 70.3% to 78.3%). These comparisons are informal and
the certainty of evidence was not assessed. We did not further
investigate for heterogeneity, since the studies on this index test
are the same studies included in the analyses of CXR index tests
described above.

 

Figure 18.   Forest plot of studies providing data on index test 'Parallel CXR and symptom screening'. CI: confidence
interval; FN: false negative; FP: false positive; TN: true negative; TP: true positive.
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Figure 19.   Summary ROC plot of studies providing data on Index Test 'Parallel CXR and symptom screening'. The
plot shows the summary estimate, 95% confidence (dotted lines) and 95% prediction intervals (dashed lines).
Circles denote studies that applied (prolonged) cough as the symptom screen, and squares denote studies that
applied another symptom combination as the symptom screen.

 
Certainty of evidence and search date

The explorative search to assess if an updated search would
potentially reach a higher certainty of evidence, resulted in
approximately 3000 references of which 262 references remained
aMer restricting the inclusion to tuberculosis terms, DTA terms, and
terms for our reference standard in title or abstract. Assessment

of title and abstract by two review authors independently resulted
in 40 articles for full-text selection of which 12 studies fulfilled
our inclusion criteria. See Characteristics of studies awaiting
classification for the characteristics of each study and Appendix
3 for an assessment of their potential to add to the certainty of
evidence. In short, five of these are studies that would replace
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reports that are already in the review and not add data. Of
the remaining studies two had a very low (10 and 2) number
of tuberculosis cases to contribute to sensitivity estimates. The
remaining studies had concerns about high risk of bias in at
least two QUADAS-2 domains, suggesting that an update would
not increase the certainty of evidence. In the current results the
large number of prevalence surveys already provide us with a
considerable amount of data to estimate specificity, and more data
will not further increase the certainty of evidence. The uncertainty
in the estimates for sensitivity will not be resolved, as the additional
studies are small in sample size and tuberculosis cases.

D I S C U S S I O N

Summary of main results

The objective of this review was to assess the sensitivity and
specificity of index tests comprising tuberculosis symptoms,
CXR abnormalities, or both, as screening tools to detect
bacteriologically confirmed pulmonary tuberculosis disease in
people considered eligible for tuberculosis screening, who are
HIV-negative or whose HIV status is unknown. Moreover, the
review aimed to investigate heterogeneity in relation to regional,
epidemiological, participant, and test characteristics. Of 59 studies
providing data on one or more of the index test definitions, almost
all had methodological quality concerns. In the majority of studies,
we considered the risk of bias in the Reference Standard domain to
be high. Studies considered to be at high risk of bias in the Flow and
Timing domain were also common.

The three most common symptom index tests, cough ≥ 2 weeks
(41 studies), any cough (21 studies), and any tuberculosis symptom
(29 studies), showed a summary sensitivity of 42.1% (95% CI 36.6%
to 47.7%), 51.3% (95% CI 42.8% to 59.7%), and 70.8% (95% CI
61.5% to 78.6%; all very low-certainty evidence), and a specificity
of 94.4% (95% CI 92.6% to 95.8%; high-certainty evidence), 87.6%
(95% CI 81.6% to 91.8%; low-certainty evidence), and 63.7% (95%
CI 51.7% to 74.3%; low-certainty evidence), respectively. The data
on symptom index tests were highly heterogenous. The studies on
any tuberculosis symptom were the most heterogeneous, but had
the lowest number of variables explaining this variation. Symptom
index tests also showed regional variation; sensitivity was modified
by country income level, but not WHO region, with higher sensitivity
in studies from LICs compared to LMICs, and lower sensitivity in
studies from UMICs. The proportion of people with a history of
previous tuberculosis among the screened participants modified
the sensitivity of both cough index tests, and the specificity of
the cough ≥ 2 weeks index test. A diKerence in the prevalence of
HIV infection between the studies did not provide a statistically
significant explanation of heterogeneity.

CXR index tests were the most sensitive screening tools. The
summary sensitivity of any CXR abnormality (23 studies) was
94.7% (95% CI 92.2% to 96.4%; very low-certainty evidence)
and 84.8% (95% CI 76.7% to 90.4%; low-certainty evidence) for
CXR abnormalities suggestive of tuberculosis (19 studies), and
specificity was 89.1% (95% CI 85.6% to 91.8%; low-certainty
evidence) and 95.6% (95% CI 92.6% to 97.4%; high-certainty
evidence), respectively. Presence of heterogeneity reduced the
certainty of evidence more so for sensitivity than for specificity,
and could be partly explained by regional variation. In studies
in the African WHO region, sensitivity was lower compared to
other regions combined, but specificity was not. This is likely

due to diKerences in regional distributions of other modifying
factors, such as the prevalence of smoking, the age distribution,
and tuberculosis prevalence among the study populations, and
possibly the availability of medical specialist to interpret CXRs.

Parallel combinations of CXR and symptom questions (25
studies) had heterogenous definitions but similar sensitivities
and specificities (informal comparison; certainty of evidence
not assessed). The addition of cough ≥ 2 weeks, whether to
any (pulmonary) CXR abnormality or to tuberculosis suggestive
CXR abnormalities resulted in a similar summary sensitivity and
specificity, 99.2% (95% CI 96.8% to 99.8) and 84.9% (95% CI 81.2%
to 88.1%) (n = 15).

Our summary estimates of sensitivity of all index tests should be
interpreted with great caution. As shown in our sensitivity analyses,
it may have been overestimated, especially due to incorporation
bias. For screening programmes, the observed heterogeneity
implies that the expected sensitivity and - to a lesser extent -
specificity of an index test in a specific setting cannot be predicted
with great precision.

Our analyses of heterogeneity highlighted regional diKerences as
the most consistent explanation for variation. CXR index tests
showed lower sensitivity in the WHO Africa region compared
to others (mostly SEARO/WPRO regions), and symptom index
tests varied by country income level, with higher sensitivity in
LICs. A hypothesized explanation for this may be poverty-related
diKerences in access to care and care seeking. In the previous
report (van't Hoog 2013a), we also found regional variation with
higher sensitivity of symptom index tests in African compared to
Asian countries, which we then attributed to coinciding diKerences
in HIV prevalence in the population. Our current results suggest
that regional diKerences in other factors such as smoking, age,
and tuberculosis prevalence among the screened population
may explain the diKerences more than diKerences in overall HIV
prevalence.

Strengths and weaknesses of the review

One of the strengths of this review is the comprehensive search
strategy, which included not only four electronic databases
and reference checking, but also an extensive search of grey
literature. Other strengths are the wide representation of the
study population and the detailed investigation of heterogeneity
and sensitivity analyses. In our analyses we combined studies
from all populations, based on the rationale that diKerences in
sensitivity and specificity between diKerent population categories
will be reflected in diKerences in epidemiological and demographic
factors, which we explored in our analyses of heterogeneity.
The large number of studies allowed analyses exploring a
large number of covariates as sources of heterogeneity, which
highlighted regional diKerences as the most consistent explanation
for variation.

Our analyses of heterogeneity are, however, somewhat limited
by the fact that the variables reflect study-level variation, and
the analysis approach implies stratification by one variable at
the time. Our results do not predict individual participant-level
variation. CXR abnormalities are more common among individuals
who smoke, are older, and aMer a previous tuberculosis episode
(MoH Myanmar 2012; Pinsky 2006), thus reducing the specificity
of CXR as a screening tool for tuberculosis disease. However, to
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predict the specificity in a particular target population (for instance,
high average age, high smoking prevalence, and frequent previous
tuberculosis) an individual patient data (IPD) meta-analysis would
be needed (Getahun 2011). The conduct of the index test, like
the exact definition of CXR abnormalities and background of the
interpreter may matter more than the limited power of our analyses
could demonstrate. Our review did not address diKerences in
quality assurance of index tests, nor in background and training
of interviewers administering the symptom questionnaires. A next
update may incorporate more index test details in the analyses.
Another statistical analysis limitation may be that many studies
applied cluster sampling, requiring adjustment in the analysis, with
larger standard errors and slightly wider CIs as a result, compared to
the binomial exact CIs used in the analysis in Review Manager. While
small study-level diKerences can be noted in some studies (e.g. den
Boon 2006; van't Hoog 2012), an overall impact on our summary
estimates is expected to be small.

Another limitation of this review is that studies and reports
published from 2019 onwards were not included. The results as
presented have informed WHO's updated tuberculosis screening
guidelines (WHO 2021a). While an updated search will yield more
studies, we doubt that our findings or the certainty of evidence
would change, for several reasons. The perfect study for our
objective is hardly ever conducted due to resource implications,
and as demonstrated in Figure 4 and Figure 6, we judged almost
all studies to have one or more concerns with respect to bias or
applicability. The majority of studies in this review were national
tuberculosis prevalence surveys, which share a design as explained
above, that considers the trade-oK between the objective to
measure the prevalence of tuberculosis disease, which requires
large sample sizes, and cost and logistical feasibility. For the
purpose of our review, this design implies incorporation bias,
potential bias in the Flow and Timing domain, and potentially
overestimated sensitivity. While the magnitude of bias may vary
depending on the type of CXR abnormalities and symptoms used
in these prevalence surveys (Law 2020; WHO 2011), more studies
of this type will add to the problem of incorporation bias. The
estimates of specificity from national tuberculosis prevalence
surveys with the presence of incorporation bias by design are,
however, still reliable, as the numbers misclassified as negative
for tuberculosis will be very small compared to the large numbers
of persons who test negative for tuberculosis. For the summary
estimates of specificity, the certainty of evidence has increased
compared to the earlier report (van't Hoog 2013a). For summary
sensitivity, however, the certainty of evidence remained very low,
despite the larger sample (Table 8). Lastly, the definitions of the
index tests are subject to human interpretation, which may vary
between studies and between individuals. Inter- and intra-reader
variation in CXR reading is well known and, generally speaking,
agreement between readers is modest (den Boon 2005; van't
Hoog 2011). We do not expect technological advancements to
overcome variation in human interpretation of the index tests as
defined in this review. Computer-assisted reading of digital CXRs
(Melendez 2017; Muyoyeta 2017), as an alternative for human CXR
interpretation, is being addressed in other reviews (WHO 2021a).
As explained in the results and Appendix 3, we explored what
an updated search would add to the certainty of evidence, and
concluded that besides a considerable amount of time, an update
would not increase the certainty of evidence as it would add a few
more studies with the same level of heterogeneity and risk of bias.

The prevalence surveys already provide us with a considerable
amount of data to estimate specificity, and more data will not
further increase the certainty of evidence. The uncertainty in the
estimates for sensitivity will not be resolved, as the additional
studies are small in sample size and tuberculosis cases.

Another important reason for our serious doubt about performing
an update is that the tuberculosis field is urgently waiting for the
results of this review to be published. Waiting until the update
is ready would not be of benefit to the field. The data from the
review, as they are now, are included in the WHO 2021a update of
the tuberculosis screening guidelines. We think that a more logical
moment for an update would be the next update of the guideline
(in five to six years). In that way the data from the Cochrane Review
and the WHO guideline are the same.

Certainty of the evidence

Despite the strengths of the review, the certainty of evidence
remained very low for the summary sensitivity estimates of
all index tests, except for CXR abnormalities suggestive of
tuberculosis, for which the certainty of evidence was low. Serious
inconsistency, as discussed above, contributed to a very low
certainty of evidence, as the range in point estimates was wide
to very wide. Furthermore, the (very) serious risk of bias in the
Reference Standard domain reduced the certainty of evidence, as
more than half of the studies did not require all participants to
undergo microbacteriological testing, but classified participants
as tuberculosis-negative based on results of CXR and symptoms
(incorporation bias). Also in the Flow and Timing domain we
considered the risk of bias to be high for over half of the
studies, mostly because of the extent of missing test results for
participants who required microbacteriological testing based on
the protocol. Our sensitivity analyses confirmed the direction of
this bias, since restricting analyses to studies with low risk of
bias in these QUADAS-2 domains resulted in considerably lower
summary sensitivity estimates. The high sensitivity of the parallel
combination of CXR and symptom questions should be interpreted
with even greater caution as in most of these studies sensitivity
was (close to) 100%. The sensitivity was 100% by definition due to
the fact that participants without CXR abnormalities and without
symptoms were defined by this parallel combination as 'not
having tuberculosis' and were ineligible for further confirmation by
microbiological sputum tests (Law 2020; WHO 2011). However, we
do not present results from sensitivity analyses as primary results,
because any choice of subset would be somewhat arbitrary and
remain biased due to other concomitant factors. For specificity,
we considered the certainty of evidence to be high for CXR
abnormalities suggestive of tuberculosis and for cough ≥ 2 weeks,
and low for the other index test definitions. The latter because the
confidence interval around the number of false positives was such
that the proportion of the population requiring follow-up testing
can vary by almost a factor two, which has serious implications for
the estimation of resources (Summary of findings 1; Summary of
findings 2; Summary of findings 3; Summary of findings 4; Summary
of findings 5).

Comparison with other systematic reviews

Earlier systematic reviews assessing symptoms and CXR as
tuberculosis screening tools in adults present subsets of studies
that are also included in the current review (Assefa 2019b;
van't Hoog 2013a). Other systematic reviews on screening tools
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for pulmonary tuberculosis in adults address either diKerent
tests: Xpert MTB/RIF and Xpert Ultra (Shapiro 2021) and C-
reactive protein (Yoon 2017), or diKerent populations: HIV-infected
adults (Hamada 2018) and children (Vonasek 2021). In the
recent Cochrane Review assessing the accuracy of symptom
screening, CXR, or Xpert MTB/RIF for screening of childhood
tuberculosis (Vonasek 2021), the summary sensitivity of one of
the symptom screens, ≥ one of cough, fever, or poor weight
gain in tuberculosis contacts, seems high (89%) compared
to the most sensitive symptom screen in our review (71%).
Also the summary specificity of CXR with any abnormality
in children who were tuberculosis contacts was high (99%).
However, the 95% confidence intervals are wide as the paediatric
review included fewer studies. Moreover, comparisons between
adult and paediatric pulmonary tuberculosis are challenging
because the diseases are so diKerent. Restriction of the reference
standard to bacteriological confirmation in our review, implying
underdiagnosis of tuberculosis, and additional verification bias,
resulted in overestimated sensitivity, as shown in our analyses. The
paediatric review applied a composite reference standard including
clinical pulmonary tuberculosis of which symptoms and CXR are
inherent components. If agreement between the index test and the
reference standard increases, accuracy will be overestimated due
to incorporation bias (Vonasek 2021).

Applicability of findings to the review question

We had fewer concerns about applicability of the included studies
to the review question compared to concerns about bias. The
applicability of the definition of the target condition was a
possible concern in 15% (CXR) to 30% (symptoms) of studies.
The target condition of tuberculosis screening in this review was
bacteriologically confirmed pulmonary tuberculosis, for which we
allowed as a reference standard any author-defined combination
of mycobacterial culture (on solid or liquid medium), sputum
smear microscopy, Xpert MTB/RIF, or other NAATs, but also required
some evidence of active tuberculosis disease, like symptoms,
CXR abnormalities, or bacteriological confirmation on repeated
sputum samples. Inclusion of cases defined on clinical grounds
only implied an applicability concern, as well as inclusion of cases
on the basis of a single positive sputum culture at one point in
time without any symptom or CXR abnormality. As an illustration
of the latter: in one study from which data for diKerent case
definitions could be extracted, of 14 cases as defined by the study
only seven cases met the case definition that was applicable to
the review (Nair 2016a; Nair 2016b). A few studies applied more
stringent clinical and microbacteriological follow-up procedures
for individuals with one positive culture result (Corbett 2010b;
Lewis 2009b), which may better reflect the tuberculosis disease
spectrum (Pai 2016) and the clinical reality in which diagnosing
tuberculosis disease with certainty can be challenging. Our
reference standard definition is quite strict, and would not capture,
for instance, extrapulmonary tuberculosis without concurrent
presence of pulmonary tuberculosis, in which case the sputum-
based microbacteriological tests will be negative. The increasing
availability of diagnostic methods to test extrapulmonary samples
may call for an expansion of the reference standard definition in
future updates.

While mycobacterial culture is the most sensitive method for
mycobacteriological confirmation, in practice the use of NAATs such
as Xpert MTB/RIF, Xpert Ultra, and TrueNat to confirm tuberculosis

disease are recommended (WHO 2020a). Screening programmes
may ultimately be more interested in the accuracy of the whole
diagnostic algorithm, namely the screening method and a NAAT to
make a final diagnosis (Figure 1), which was outside the scope of
this review.

In the majority of included studies, populations were screened for
tuberculosis for the first time, or as a one-oK activity, which limits
the applicability of the results to repeated screening situations.
Ultimately, a major goal of tuberculosis screening is to reduce
transmission of M tuberculosis by reducing the prevalence of
tuberculosis disease and tuberculosis infection, which requires
repeated screening at regular intervals (Corbett 2010; Marks 2019).
In populations that are screened at regular intervals, the sensitivity
of screening tests may be lower (Lewis 2009a), due to the fact
that people are detected at an earlier stage of disease. We
did not classify this population characteristic as an applicability
concern and the number of included studies providing data from
longitudinal screening programmes was too small to investigate
this as a source of heterogeneity. With respect to participant
selection, we considered national tuberculosis prevalence surveys,
which are highly standardized in design and conduct and aim
for a representative sample, equally as applicable as screening
programmes that may be more pragmatic and may encourage
participation of more symptomatic individuals, possibly lowering
specificity (e.g. Morishita 2017a). In practice the execution of
screening programmes will also vary. Lastly, our findings on CXR
index tests are not applicable to the use of CXR screening as a
second, sequential screening test to persons pre-selected on the
presence of symptoms. In such populations, CXR specificity will
likely be lower (Burgess 2001; Chadha 2018; Masur 2017). The
sensitivity of a sequential symptom screen followed by CXR for
symptom screen positives will be restricted by the sensitivity of the
symptom index test. Such an algorithm would, however, be less
resource intensive (van't Hoog 2014a), and requires further study.

While concerns about the applicability of findings to the review
questions are generally low, the applicability of the review results
in helping screening programmes choose a screening method
requires additional considerations. Empirical studies suggest that
various screening tests can reduce prevalence in settings with a
high tuberculosis burden when applied at regular intervals (Corbett
2010a; Marks 2019). For further guidance on the choice of screening
methods we refer to the WHO guidelines (WHO 2021a).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The summary estimates of the sensitivity and specificity of
symptom screening and chest radiography (CXR) screening (and a
combination of the two) can inform the choice of screening and
diagnostic algorithms in settings where systematic screening for
tuberculosis disease is being implemented. The high sensitivity of
CXR index tests (based on low- to very low-certainty evidence),
also with symptom questions in parallel, suggests a high yield
of persons with tuberculosis disease. However, in addition to the
evidence presented in this review, the implementation of screening
approaches needs tailoring to the local epidemiological situation
and health systems resources available. Additional considerations
will determine the design of screening and diagnostic algorithms,
such as the availability and accessibility of CXR facilities or
the resources to fund them, and the need for more or fewer

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

41



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

diagnostic tests to confirm the diagnosis, depending on screening
test specificity. Lower specificity has resource implications and
implications for individuals who screen positive, but do not have
tuberculosis as they are subjected to unnecessary tests and
expenses. Furthermore, CXR may not be appropriate for all people
who are screened, including pregnant women and young children.
Symptom screening with lower sensitivity, on the other hand, may
imply delayed diagnosis for individuals who screen negative but
actually have tuberculosis, and possibly ongoing transmission. For
further guidance we refer to the WHO guidelines to which this
review's results contributed (WHO 2021a).

The review findings should be interpreted with caution due
to methodological study limitations and (regional) variation in
sensitivity and specificity. Due to unexplained heterogeneity, the
sensitivity and specificity of an index test in a specific setting
cannot be predicted with great precision. This should be borne in
mind when planning for and implementing tuberculosis screening
programmes.

Implications for research

Given the limitations of tuberculosis screening test accuracy
estimates in predicting the value of screening tests in practice,
empirical studies are needed on the accuracy, feasibility,
and cost-eKectiveness of screening and diagnostic algorithms
in diKerent settings, and ultimately on their impact when
applied at repeated intervals on reducing transmission and
on individual patient outcomes. In the short term, to further
contribute to screening programme decisions about the use
of CXR and its projected resource needs, based on sensitivity
and specificity, a meta-analysis to determine the accuracy of
CXR as a second, sequential screening method in populations

that are first pre-selected, preceded by symptom screening,
would be valuable. Factors to address in a next update of
this review include conduct and quality aspects of the index
tests, and further analyses around reference standard definitions.
The latter to explore diKerences in accuracy due to inclusion
of clinically diagnosed and extrapulmonary tuberculosis versus
microbiologically confirmed pulmonary tuberculosis only, and the
use of newer microbiological tests, on which data availability
will hopefully increase. Furthermore we recommend an individual
patient data (IPD) meta-analysis and meta-regression of factors
associated with heterogeneity of especially the specificity of CXR
index tests.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Study characteristics

Patient Sampling Cross-sectional design; prevalence survey. Multi-stage cluster
sampling. 80 clusters were randomly selected from the entire
country, procedure equivalent to proportional to size. Within clus-
ters permanent residents were eligible, and visitors who had ar-
rived in the household 4 weeks or more before. Of 55,832 eligible
individuals, 43,100 (77.2%) participated.

Patient characteristics and setting General population in The Gambia, both rural and urban, of 15
years and older

Median age: 28 years

59% female
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HIV prevalence: not reported; the HIV/AIDS prevalence among
adults aged (15 to 49) in The Gambia is 1.8% (1.5% to 2.2%) (2015
estimate unaids.org)

History of previous TB treatment: not reported

Smoking prevalence: not reported. Tobacco use among adults
was approximately 10% in 2015 (19.3% in men, 0.8% in women;
https://tobaccoatlas.org/)

Index tests Symptom questions were asked: cough, fever, chest pain, night
sweats, shortness of breath, anorexia, weight loss, haemoptysis

Data extracted on:

1) Cough for 2 or more weeks

2) Study-specific combination of symptoms out of several: cough
less than 2 weeks + any 2 symptoms positive out of: weight loss,
fever, night sweats, chest pain, shortness of breath, anorexia,
haemoptysis), or cough for 2 weeks or more, or 3 or more other
symptoms

3) Chest radiography suggestive of tuberculosis

Target condition and reference standard(s) Bacteriological tests: smear microscopy (FM) and liquid culture,
on 2 sputum samples

Case definition: at least 1 smear positive or 1 culture positive

Participants with bacteriological test: 12.8%; those without, by de-
sign, were assumed not to have TB

Bacteriological confirmation on 2 samples, or 1 positive sample
and CXR abnormalities

Flow and timing Of 5948 individuals supposed to receive a bacteriological refer-
ence standard (by design, i.e. suspected of TB) 429 did not get a
test or had no result. This number (429) is very high compared to
the prevalence of TB in this study group (77 cases), therefore we
judged high risk of bias.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Unclear    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Adetifa 2016  (Continued)
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Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Adetifa 2016  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional survey of TB and HIV prevalence. Random sam-
pling of households in enumeration areas.

Patient characteristics and setting General population of 15 years and above of 2 political divisions (1
urban, 1 rural) in Lusaka Province, Zambia; recruited in 2005

64% between 15 and 34 years old

54% female

HIV prevalence 28.6%

TB prevalence 870/100,000

History of previous TB treatment: 4%

Smoking not reported. World Tobacco Atlas 3rd ed. (2008): daily
tobacco use approximately 10% in adults (18.0% for men, 2.1% for
women)

Index tests Symptom screens:

- Cough of any duration

- Cough for 3 or more weeks or haemoptysis (programme defini-
tion of 'TB suspect' at the time of survey)

Any TB symptom (out of 6): Questions asked: currently coughing
- if yes, between 1 and 21 days or > 21 days; shortness of breath;
fever; night sweats; weight loss; chest pain

Target condition and reference standard(s) Bacteriological tests: 1 sputum sample cultured (2 MGIT tubes); ZN
microscopy on positive cultures

Incorporation: 100% had bacteriological test

Case definition: 1 positive culture irrespective of symptoms/signs
of active disease. ± 7% asymptomatic, CXR findings incomplete.
Moderate applicability concern. Since the reference standard is
based on one sputum sample only, some misclassification is pos-
sible.

Flow and timing Samples were collected at the same time as symptom interview

Ayles 2009a 
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223 (2.7%) of 8325 consented participants without culture result
for various reasons and 25 (0.3%) who did not submit a sputum
sample were excluded from the analysis

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Ayles 2009a  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Ayles 2009a  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional survey of TB and HIV prevalence; random sam-
pling of households in enumeration areas. Same as Ayles 2009a,
but HIV-negative subset only.

Patient characteristics and setting See Ayles 2009a; general population, but HIV-negative subset only;
HIV prevalence: 0%

Index tests Symptom screening; same as Ayles 2009a

Target condition and reference standard(s) See Ayles 2009a

Flow and timing See Ayles 2009a

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Ayles 2009b 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Ayles 2009b  (Continued)
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Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Ayles 2009b  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional - prevalence survey. Cluster sampling then adults
aged greater than or equal to 15 years in 5 areas. For the review
data from Gujarat is used since MMR screening was used in the
other 4 areas.

Of 97,483 eligible residents, 87,530 (89.8%) participated

Patient characteristics and setting General population 15 years and older, in Gujarat, India, a LMIC,
enrolled in 2011; mixed urban and rural

TB prevalence 275/100,000 population, incidence: 204/100,000

Distrubution of age, % female, HIV prevalence and smoking not
provided. In 2016, India's HIV prevalence in adults aged 15 to 49
was approximately 0.2% (https://www.unaids.org/en/region-
scountries/countries/india; accessed 20 April 2021)

2.2% of participants reported previous TB treatment

Smoking - Tobacco Atlas 3rd edition 2009: current cigarette use
approximately 15% (27.6% for males, 1% for females)

Index tests Symptom screen: cough greater than or equal to 2 weeks

CXR any pulmonary abnormality in persons pre-screened with
symptoms (outside scope of this review)

Target condition and reference standard(s) Bacteriological tests: 2 samples for microscopy and culture on sol-
id medium

Incorporation: 9.8% (8546/87,530) received a reference standard;
by design, participants without symptoms or CXR abnormality
were assumed not to have TB

Case definition: culture positivity (one or more colonies of M tuber-
culosis confirmed for speciation by biochemical tests) on any of
the 2 specimens OR any of the 2 specimens exhibited AFB on mi-
croscopy, or both

No confirmed TB cases without signs of active disease at the time
of screening

Flow and timing Of 9553 sputum eligible, 8546 (89.5%) had sputum examined; not
clear if all with results had results on 2 samples

Comparative  

Chadha 2018 
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Notes CXR (digital, mobile): any pulmonary abnormality; 2 x 2 data for
CXR can only be obtained of a subset of the population of persons
with symptoms

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Unclear    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Chadha 2018  (Continued)
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Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Chadha 2018  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional design. National prevalence survey in 2010. Mul-
ti-stage stratified sampling to randomly select 176 investigation
points from within the 31 mainland provinces. Within investiga-
tion points all residents were eligible.

Patient characteristics and setting General population in China, urban and rural, of 15 years and
above

Mean/median age and sex distribution of study population not re-
ported

TB prevalence 442 per 100,000

HIV/AIDS prevalence in general population 0.037% in 2014
(https://www.unaids.org/sites/default/files/country/docu-
ments/CHN_narrative_report_2015.pdf)

Proportion with previous TB treatment: not reported

Daily tobacco use in population 15 and above in 2015, approxi-
mately 23% (https://tobaccoatlas.org; accessed December 2019);
44.8% of males, 2% of females

Cheng 2015 
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Index tests Symptom screens:

- Cough greater than or equal to 2 weeks (with or without
haemoptysis)

- Cough or haemoptysis of any duration

- Cough greater than or equal to 3 weeks

- Suspected symptom defined by China NTP = cough, expectora-
tion last for longer than 2 weeks or haemoptysis

Target condition and reference standard(s) Bacteriological tests: microscopy and culture (LJ) - not sure if it
was ZN or FM microscopy; 3 samples were collected

Case definition: a bacteriologically positive TB patient was de-
fined as an individual with at least one positive smear or culture.
Positive smear had at least one acid-fast bacillus identified within
100 fields under microscopy, and positive culture had at least one
colony of Mycobacterium tuberculosis complex isolated by using
Löwenstein-Jensen medium.

Incorporation bias?: 18% of participants received bacteriological
tests

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Cheng 2015  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Unclear    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Unclear risk  

Cheng 2015  (Continued)

 
 

Study characteristics

Patient Sampling All adults who received routine pretest counselling and underwent
HIV testing at a VCCT were eligible. Of 1220 subjects tested and re-
ferred for TB screening, 583 (48%) approached the study team lo-
cated in the same building. Of these, 79 (14%) refused to partici-
pate in screening.

Chheng 2008a 
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Patient characteristics and setting Individuals aged 19 years and older attending the community vol-
untary confidential counselling and testing (VCCT) centre of the
Battambang, Cambodia, who decided themselves to go for TB
screening, March to September 2005

Median age 31 years (IQR 25 to 39)

38% female

HIV prevalence 25% among participants; 6.2% had a prior history
of TB treatment

TB prevalence in region 508/100,000 population

Smoking not reported; Tobacco Atlas 1st ed. (2002): 37% of adults

Index tests Symptom screens

- Cough of 3 weeks or more

- Any TB symptom out of 6: cough 3 weeks, haemoptysis, fever,
loss of appetite, night sweats, rapid weight loss (self-reported)

Additional questions were asked on HIV/AIDS symptoms

- Other combination: fever or haemoptysis or weight loss

Target condition and reference standard(s) Bacteriological tests: 3 sputum samples for FM smear microscopy
and solid (LJ) culture

All participants had bacteriological testing

Case definition: any single sputum culture-positive for M tubercu-
losis or at least 2 sputum smears positive for AFB (excluding MOTT
positives), irrespective of clinical signs/symptoms

All cases have at least a TB symptom (Table 1)

Flow and timing Of the 496 participants, 469 (95%) submitted at least 2 sputum
samples, and 430 (87%) submitted 3 samples for examination

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Chheng 2008a  (Continued)
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Unclear    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  
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Study characteristics

Patient Sampling Same as Chheng 2008a; HIV-negative subset only

Patient characteristics and setting Same as Chheng 2008a; HIV-negative subset only

Index tests Same as Chheng 2008a

Target condition and reference standard(s) Same as Chheng 2008a

Flow and timing Same as Chheng 2008a

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Chheng 2008b 
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Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Unclear    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Chheng 2008b  (Continued)

 
 

Study characteristics

Patient Sampling Baseline of an intervention trial (ZAMSTAR trial). TB/HIV preva-
lence survey in South Africa. 8 communities were selected. With-
in these clusters all individuals aged 18 years who stayed in house-
holds in the previous 24 hours were asked to participate.

The manuscript reports data for a 'train' and a 'test' dataset,
which are combined.

Patient characteristics and setting General urban population of 15 years and older in Cape Town re-
gion, South Africa in 2010

Age: approximately half below age 30

62.4% female

Among screened population:

Claassens 2017a 
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- TB prevalence 2338 per 100,000

- HIV prevalence 18%

- Smoking prevalence 8%

- Previous TB treatment reported 9%

Index tests Symptoms asked for: current cough, how many weeks of cough,
currently producing phlegm/sputum or blood, current shortness
of breath, sweating at night or fever, and weight loss within the
past month

Symptom index tests:

- Cough 2 or more weeks

- Any 1 TB symptom positive (out of 7)

The manuscript reports on other, post-hoc combinations

Target condition and reference standard(s) Bacteriological tests: all participants provided one sputum sam-
ple for culture. The sample was split and cultures in 2 MGIT tubes.
Smear microscopy was only done if a culture was positive.

Case definition: a positive culture for Mycobacterium tuberculosis

All participants had a bacteriological test

Of the cases 40% did not report symptoms; CXR abnormalities
were not checked/reported in all cases

Flow and timing Based on Figure 3 in Ayles et al. paper: 29% of participants exclud-
ed because they did not have an evaluable sample

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Claassens 2017a  (Continued)
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Study characteristics

Patient Sampling Baseline of an intervention trial (ZAMSTAR trial). TB/HIV preva-
lence survey in South Africa. 8 communities were selected. With-
in these clusters all individuals aged 18 years who stayed in house-
holds in the previous 24 hours were asked to participate.

The manuscript reports data for HIV-negative participants for a
'train' and a 'test' dataset, which are combined.

Patient characteristics and setting Same as Claassens 2017a except for

- HIV prevalence 0%

Index tests Symptoms asked for: current cough, how many weeks of cough,
currently producing phlegm/sputum or blood, current shortness
of breath, sweating at night or fever, and weight loss within the
past month

Symptom index tests:

Cough 2 or more weeks, or any one TB symptom positive

The manuscript reports on other, post-hoc combinations

Target condition and reference standard(s) Bacteriological tests: all participants provided one sputum sam-
ple for culture. The sample was split and cultures in 2 MGIT tubes.
Smear microscopy was only done if a culture was positive.

Case definition: a positive culture for Mycobacterium tuberculosis

All participants had a bacteriological test

Of the cases 40% did not report symptoms

CXR abnormalities were not checked/reported in all cases

Flow and timing Based on Figure 3 in Ayles et al. paper: 29% of participants exclud-
ed because they did not have an evaluable sample

Comparative  

Notes Note on Index test domain: We consider Cough > 2 weeks, and Any
one TB symptom positive as low risk. The other combinations in
this manuscript are post-hoc analyses on screening rules, mean-
ing these symptom combinations imply a higher risk of bias.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Claassens 2017b 
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Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Claassens 2017b  (Continued)
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Could the patient flow have introduced bias?   High risk  

Claassens 2017b  (Continued)

 
 

Study characteristics

Patient Sampling Baseline of an intervention trial (ZAMSTAR trial). TB/HIV preva-
lence survey in Zambia. 16 communities were selected. Within
these clusters all individuals aged 18 years who stayed in house-
holds in the previous 24 hours were asked to participate.

Patient characteristics and setting General rural population of 15 years and older in 2 districts of
Lusaka Province, Zambia in 2010

Age: approximately half below age 30

62.2% female

Among screened population:

- TB prevalence 555 per 100,000

- HIV prevalence 17%

- Smoking prevalence 8%

- Previous TB treatment reported 9%

Index tests Symptoms asked for: current cough, how many weeks of cough,
currently producing phlegm/sputum or blood, current shortness
of breath, sweating at night or fever and weight loss within the
past month

Symptom index tests:

- Cough 2 or more weeks

- Any one TB symptom positive (out of 7)

The manuscript reports on other, post-hoc combinations

Target condition and reference standard(s) Bacteriological tests: all participants provided one sputum sam-
ple for culture. The sample was split and cultures in 2 MGIT tubes.
Smear microscopy was only done if a culture was positive.

Case definition: a positive culture for Mycobacterium tuberculosis

All participants had a bacteriological test

Of the cases 40% did not report symptoms

CXR abnormalities were not checked/reported in all cases

Flow and timing Based on Figure 3 in Ayles et al paper: 29% of participants exclud-
ed because they did not have an evaluable sample

Comparative  

Notes  

Claassens 2017c 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Claassens 2017c  (Continued)

 
 

Study characteristics

Patient Sampling Baseline of an intervention trial (ZAMSTAR trial). TB/HIV prevalence sur-
vey. 8 communities were selected. Within these clusters all individuals
aged 18 years who stayed in households in the previous 24 hours were
asked to participate.

The manuscript reports data for HIV-negative participants for a 'train'
and a 'test' dataset, which are combined.

Patient characteristics and setting Same as Claassens 2017c except for:

- HIV prevalence 0%

Index tests Symptoms asked for: current cough, how many weeks of cough, cur-
rently producing phlegm/sputum or blood, current shortness of breath,
sweating at night or fever, and weight loss within the past month

Symptom index tests:

Cough 2 or more weeks, or any one TB symptom positive

The manuscript reports on other, post-hoc combinations

Target condition and reference standard(s) Bacteriological tests: all participants provided one sputum sample for
culture. The sample was split and cultures in 2 MGIT tubes. Smear mi-
croscopy was only done if a culture was positive.

Case definition: a positive culture for Mycobacterium tuberculosis

All participants had a bacteriological test

Of the cases 40% did not report symptoms

CXR abnormalities were not checked/reported in all cases

Flow and timing Based on Figure 3 in Ayles et al paper: 29% of participants excluded be-
cause they did not have an evaluable sample

Comparative  
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Notes Note on Index test domain: We consider Cough > 2 weeks, and Any one
TB symptom positive as low risk. The other combinations in this man-
uscript are post-hoc analyses on screening rules, meaning these symp-
tom combinations imply a higher risk of bias.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bac-
teriological reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    
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Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

No    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Claassens 2017d  (Continued)

 
 

Study characteristics

Patient Sampling Population-based cross-sectional survey of HIV and TB prevalence on
a random sample of adults in high-density suburbs, enrolled at home.
Participants who declined HIV testing (10%) were excluded since the
analysis was stratified by HIV status. Risk of bias from this exclusion
judged to be low.

Patient characteristics and setting General population of 16 years and older in urban suburbs in Harare,
Zimbabwe, 2005 to 2006

TB prevalence 700 per 100,000; HIV prevalence 20.7%

60.7% female

history of previous TB treatment 3.3%

Current smoker: 8.6%

Median age 25 years (IQR 20 to 35) in HIV-negative population and 32
(26 to 38) in HIV-positive population

Index tests Symptom screens: current cough of any duration or severity; chronic
cough defined as 2 weeks duration or more

Any one symptom out of 5: cough, haemoptysis during the previous
year, self-reported fever or "hot body", night sweats, and a subjective
report of weight loss

Target condition and reference standard(s) Bacteriological tests: all participants were screened by sputum cul-
ture (LJ) on 1 sample. Participants who tested positive on sputum
culture during screening or reported any TB symptom, or both, were
followed up to confirm or exclude TB, based on 2 additional sputum
specimens for ZN microscopy and solid (LJ) culture, and clinical as-
sessment including CXR. Of asymptomatic individuals these 2 samples
were pooled into 1 culture.
Case definition: definite case defined as 2 positive cultures, or 1 posi-
tive culture with clinical evidence of TB (individuals with one positive
culture, but without clinical evidence were not considered a case)

Flow and timing 1.4% of participants were unable to give sputum and excluded from
the analysis, a very small percentage

Reference standard procedures differed in 2 ways: i) asymptomatic
participants with negative screening culture had 1 culture only; ii) dur-

Corbett 2010a 

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

80



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

ing follow-up to confirm cases 2 samples were either pooled in 1 cul-
ture or not according to symptoms

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacte-
riological reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  
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Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

Yes    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Corbett 2010a  (Continued)

 
 

Study characteristics

Patient Sampling See Corbett 2010a; HIV-negative subset

Patient characteristics and setting HIV-negative subset of the population in Corbett 2010a

Median age 25 years (IQR 20 to 35)

59% female

History of previous TB treatment 9.1%

8.6% current smoker

Index tests See Corbett 2010a

Target condition and reference standard(s) See Corbett 2010a

Flow and timing See Corbett 2010a

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Corbett 2010b 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Corbett 2010b  (Continued)
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Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Corbett 2010b  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional community lung health survey - randomized 15% sample of
all addresses in study area (839 addresses). All persons at selected addresses
were eligible for investigation. If no consent, the neighbouring household was
eligible. Persons 15 years and older completed questionnaires and had CXR
and sputum samples collected. 75% of persons with interview had a CXR and
of those 45% gave a sputum sample. All participants who had a CXR are includ-
ed in the analysis for this review. The authors report accuracy on the subset
who gave a sputum sample, only 1/3 of those who consented. This was adjust-
ed for this review, to limit bias.

Patient characteristics and setting General urban population in 2 urban communities in Cape Town, South Africa,
in 2002

Participants were 15 years or above, median age between 35 and 44 years
(43% is between 15 and 44)

51% females

Previous TB treatment reported by 9.7%

HIV prevalence was not measured but estimated to be 12.4% or less

Smoking not reported; Tobacco Atlas 1st ed. (2002): 26.5% adult smoking

Index tests Symptom screening, CXR screening, and a combination. The symptom ques-
tionnaire contained questions on the presence and duration of symptoms of
cough, haemoptysis, weight loss, night sweats, and fever. Prolonged cough
was defined as cough for 2 or more weeks.

Conventional CXR was used at a health facility to which participants had to
travel. CXRs were interpreted by an experienced pulmonologist using a stan-
dardized reporting form to assess all CXRs for abnormalities consistent with TB
(including parenchymal, pleural, and central structure abnormalities) and for
any other abnormalities, including other visible organs. A stratified sample of
31% of the CXRs was re-read by a second reader.

Of symptom and CXR screening combined, data is reported on the sensitivity
only, of any TB symptom or CXR abnormalities consistent with TB or both.

Target condition and reference standard(s) Bacteriological tests: 1 sputum sample was requested of all participants, was
tested with ZN smear microscopy and solid (LJ) culture. A 2nd sputum sample
was requested when the first sample as positive on smear microscopy or cul-
ture, from which 26 cases were defined in the main study.

Case definition: bacteriologically confirmed TB case = a person with either 2
positive smears or 2 positive cultures, or 1 positive smear and 1 positive cul-
ture or 1 positive smear or culture, and CXR with TB-realted abnormalities, or a
positive sputum smear or culture result from specimen collected at the health
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centre within 2 months after sputum collection in the previous survey. Of 29
cases in the analysis, 3 did not meet the definition of a bacteriologically con-
firmed TB cases but were defined based on one sample result only. Of the cas-
es 3.4% had no signs of active disease (asymptomatic, normal CXR), a low per-
centage.

Flow and timing Although the authors report accuracy in a subset or participants who gave a
sputum sample, which was 1/3 of the total number who consented to partic-
ipate, we included participants who had a CXR in the analysis for this review,
which was 75% of consenting participants. Of those with CXR 45% gave a spu-
tum sample. We assume that participants who did not give sputum did not
have TB (i.e. reference standard negative).

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

den Boon 2006  (Continued)
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Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to
correctly classify the target condition?

Yes    

Were the bacteriological reference standard results
interpreted without knowledge of the results of the
index test?

Yes    

Did the study design require all patients to receive
a bacteriological reference standard?

Yes    

Incorporation bias avoided? Unclear    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients who were supposed to receive a
bacteriological reference standard (by design) ac-
tually have one, and have a result?

No    

Did patients subjected to a bacteriological refer-
ence standard all receive the same reference stan-
dard?

No    

den Boon 2006  (Continued)
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Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

den Boon 2006  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified cluster
sampling using PPS of 114 clusters of 800 participants on average, strati-
fied by urban vs rural. 4 clusters cancelled for security reasons, and 1 re-
moved due to a protocol violation.

Of 96,979 eligible residents, 83,202 (86%) participated

Resident definition: household members who resided in the selected
household for the past 6 months, and visitors who spent at least 3 weeks
in the household prior to the census

Patient characteristics and setting General population 15 years and older, in Sudan, a LMIC, enrolled in 2013
to 2014

TB prevalence (bacteriological confirmation, year/survey) 183/100,000
population, incidence (2018): 71/100,000

Median age: approximately 53% were 34 or younger

56.7% female

HIV prevalence in the general population aged 15 to 49 years was 0.2% in
2013 (UNAIDS http://aidsinfo.unaids.org; accessed April 2017)

Information on smoking and reported previous TB treatment not provided

Tobacco Atlas: adult smoking (15+ year-olds) using tobacco daily: 2015 <
1% (1.3% for men, 0.4% female; https://tobaccoatlas.org/country/sudan/;
accessed April 2021)

Index tests 1. Symptom screen: cough for 2 weeks or more

2. CXR (mobile digital): an abnormal chest X-ray meant any lung (including
pleura) abnormality detected on interpretation by the medical officer (e.g.
opacities, cavitation, fibrosis, pleural effusion, calcification, or any unex-
plained or suspicious shadow). Congenital abnormalities, normal variants
and bony abnormalities including fractures are excluded by definition as
were findings such as increased heart size and other heart-related abnor-
malities.

Abnormal CXR or positive symptoms (cough for 2 weeks or more) or both

Target condition and reference standard(s) Bacteriological tests: 2 samples for direct FM microscopy and Ogawa cul-
ture

Incorporation: 16.9% received a reference standard. By design, partici-
pants with cough of 2 or more weeks or a CXR abnormality or both were el-
igible for sputum examination Participants not eligible for sputum or with-
out a sputum result were assumed not to have TB

Case definition: bacteriologically positive TB case = definite case = MTB
confirmed by culture

Federal MoH Sudan 2018 
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13.5% (15/111) of true (confirmed) TB cases were symptom-screen nega-
tive and had CXR findings that were unavailable/unknown

Flow and timing Of those eligible for sputum examination, 80% had at least 1 culture result
available; of those 65% only had the 2 required samples, therefore high
risk of bias

Comparative  

Notes 5 more symptoms were asked about (cough ≥ 2 weeks, haemoptysis, spu-
tum production, chest pain, fever), but no 2 x 2 data provided.

Participants positive on these screens were sent for bacteriological exami-
nation. Assuming the study staK are well trained, risk of bias for the index
test interpretation is considered low.

CXR: Same argument as for symptoms; CXR threshold: implicit threshold.
Intentional over-reading of CXR was encouraged so that no suspected cas-
es were leM out.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

Federal MoH Sudan 2018  (Continued)
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If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to cor-
rectly classify the target condition?

Yes    

Were the bacteriological reference standard results in-
terpreted without knowledge of the results of the index
test?

Yes    

Did the study design require all patients to receive a
bacteriological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients who were supposed to receive a bacte-
riological reference standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacteriological reference
standard all receive the same reference standard?

No    

Federal MoH Sudan 2018  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Federal MoH Sudan 2018  (Continued)

 
 

Study characteristics

Patient Sampling Cohort of household contacts of patients with smear-positive pulmonary
TB ('index patients') were enrolled between September 2009 and January
2011. Index patients were defined as the first person in the household to
be diagnosed with TB. Household contacts of any age were eligible for in-
clusion if they lived in the same dwelling as the index patient during the
2 months prior to their diagnosis. Index patients were then encouraged
to bring their household members to the clinics as soon as possible after
their initial diagnosis.

Contacts were asked to come to the clinic and recruited of 212 index cases
(out of 545; 39%). This may have introduced bias.

Patient characteristics and setting Household contacts of smear-positive TB patients in Hanoi, Vietnam; re-
cruited in 2009 (n = 545)

All ages were eligible; mean age 36.3 years; 16.9% were under the age of 15
years

59.6% female

14.2% reported current smoking

2% reported history of previous TB treatment

HIV prevalence not reported; HIV prevalence (aged 15 to 49) estimated at
0.43% in 2009 (Vietnam HIV/AIDS Estimates and Projections 2007-2012.
MOH, 2009)

Index tests Symptom questions: having cough or sputum for 2 weeks or more,
haemoptysis within the last month or both. Not known if more questions
were asked. This combination of symptoms is different from the screen
definitions prolonged cough or any symptom, but resembles mostly pro-
longed cough.

CXR taken at a hospital, classified as any abnormality (includes other visi-
ble organs) vs normal

Target condition and reference standard(s) Only 'suspects' were eligible for bacteriology: reported having cough or
sputum for 2 weeks or more, haemoptysis within the last month, or any
abnormalities on the chest radiograph. Others were assumed not to have
TB. 24 suspects were identified 24/545 = 4.4%, of whom 13 gave sputum
(13/545 = 2.4%)

Of suspects 3 or more sputum samples were examined using Ziehl-
Neelsen smear microscopy and solid culture on Lowenstein-Jensen medi-
um.

Case definition: smear-positive pulmonary TB was defined by the presence
of at least 1 positive smear in combination with an abnormal chest radi-
ograph, or 1 positive smear plus a positive culture. Smear-negative TB was
diagnosed if contacts had radiographic changes consistent with TB, no re-

Fox 2012 
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sponse to broad-spectrum antibiotics and a response to anti-tuberculous
drug treatment (i.e. bacteriologically negative TB)

Flow and timing Sputum followed directly on symptom interview and CXR. Of 24 suspects
expected to give sputum, 13 gave sputum (13/24 = 54%); 46% were unable

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Unclear

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Fox 2012  (Continued)
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DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to cor-
rectly classify the target condition?

Yes    

Were the bacteriological reference standard results in-
terpreted without knowledge of the results of the index
test?

Yes    

Did the study design require all patients to receive a
bacteriological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients who were supposed to receive a bacte-
riological reference standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacteriological reference
standard all receive the same reference standard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Fox 2012  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional - national TB prevalence survey. Multi-stage sampling
method was used (first geographical zones; then 70 clusters PPS). Clus-
ters were enumeration areas with on average 700 eligible individuals.

Due to an unstable security situation, field operations could not take
place in the two States of Borno and Yobe. 3 enumeration areas were re-
placed.

Patient characteristics and setting General population of 15 years and older, rural and urban, recruited in
2012 (n = 44,186)

52.8% were 15 to 34 years old

FRoNigeria 2014 
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59% female

HIV prevalence was not measured in the survey (4.1% in the general
population)

Smoking prevalence not reported

1.2% reported history of previous TB treatment

Smoking in adults: Tobacco Atlas 3rd edition 2009: 4.5% to 5% cigarette
smoking (9.1% in males, 0.2% in females)

Index tests 6 symptom questions were asked: cough + duration, sputum, haemop-
tysis, chest pain, body weight loss, fever. Persons with cough of 14 or
more days were eligible to provide sputum samples. Was this known to
the interviewers? Same for CXR.

CXR: portable mobile X-ray units (MinXray), a computed radiography
system (CR) equipped for digital images. Classification: any pulmonary
abnormality vs no pulmonary abnormality, defined as any abnormal
shadow in the lung field and mediastinum, or pleural effusion except
pleural thickness or small single calcification. CXR with any pulmonary
abnormality implied eligibility for sputum collection.

Index tests:

- Cough of any duration

- Cough for 14 days or longer

- Any one TB symptom out of 6

- CXR abnormalities suggestive of TB, defined as any abnormal shad-
ow in the lung field and mediastinum, or pleural effusion except pleural
thickness or small single calcification

- CXR abnormality suggestive of TB and/or cough for 14 days or longer
in parallel

Target condition and reference standard(s) Persons with TB suggestive abnormalities had to give sputum; 10.6%
were eligible for sputum submission, others are assumed to be TB-neg-
ative

Bacteriological tests: 2 sputum samples (one spot and one morning)
were obtained and were stained for AFB microscopy using ZN stain and
both specimens were processed and cultured on LJ medium for My-
cobacterium tuberculosis

Case definition: smear-positive culture-positive (n = 75; definite), or
smear-positive culture-negative (n = 32; probable), or S- C+ (n = 35; defi-
nite) or S- C+ (n =2; probable?). Total 144.

Flow and timing 10.6% were eligible for sputum submission. Of those 2.8% did not sub-
mit, and 12% submitted only 1 sample (rather than 2). Overall 79.2%
had lab results available out of those eligible for lab testing.

All participants are included in the analysis. Those without lab tests
done or without results are considered to be free of active TB.

Comparative  

Notes  

FRoNigeria 2014  (Continued)
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

FRoNigeria 2014  (Continued)
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DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bac-
teriological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

No    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

FRoNigeria 2014  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified clus-
ter sampling using PPS of 98 clusters of 650 participants on average,
stratified by urban vs rural. Of 67,757 eligible individuals 61,726 (91%)
participated.

Resident definition: permanent residents who lived in the household
at least 1 day in the past 14 days, or visitors who lived in the household
at least 7 days in the past 14 days.

Patient characteristics and setting General population 15 years and older, in Ghana, a LMIC, enrolled in
2013

Ghana NTP 2015 
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TB prevalence (bacteriologically confirmed, survey) 356/100,000 pop-
ulation, incidence (2018): 148/100,000

Median age between 25 and 34 years

55.4% female

HIV prevalence in the general population aged 15 to 49 years was 1.5%
in 2013 (http://aidsinfo.unaids.org/; accessed April 2017)

Smoking: 5% of survey participants

7.8% of participants reported previous TB treatment

Index tests Symptom screen: cough for ≥ 2 weeks

CXR screen (direct digital): any pulmonary abnormality (abnormalities
in the lung, pleura, and/or mediastinum)

Combined cough for ≥ 2 weeks or CXR any pulmonary abnormality or
both

Target condition and reference standard(s) Bacteriological tests: 2 samples for concentrated ZN microscopy and
culture on LJ and MGIT media; Xpert MTB/RIF for smear-positive speci-
mens and if cultures were contaminated. Only MGIT was used for case
definition.

Incorporation: 12.2% received a reference standard. By design, par-
ticipants with cough of 2 or more weeks or a CXR abnormality or both
were eligible for sputum examination. Participants not eligible for spu-
tum or without a sputum result were assumed not to have TB.

Case definition: definite: smear-positive and culture positive in at least
one sample OR smear-positive, Xpert-positive and CXR consistent with
TB. Then smear-negative and culture or Xpert positive in 2 samples
OR smear-negative and culture/Xpert-positive in one sample and CXR
consistent with TB.

17.3% of true (confirmed) TB cases were asymptomatic and no infor-
mation on CXR provided.

Flow and timing Of those eligible for sputum examination, 91% had at least 1 culture
result available. Over 700 had not, which is quite a lot compared to
202 cases, but hard to judge the magnitude of bias.

Comparative  

Notes Index tests: risk of bias - although CXR and symptom determined if
participants were eligible to give sputum in the survey, risk of bias on
index test was considered low, assuming staK were well trained.

Other symptoms asked about were cough, chest pain, weight loss,
fever, night sweats, but no 2 x 2 data.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Ghana NTP 2015  (Continued)
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Did the study design require all patients to receive a bacte-
riological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

No    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Ghana NTP 2015  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional study; field staK visited every household in 60 vil-
lages selected at random from throughout the province

Patient characteristics and setting General rural population of 15 years and older in Ca Mau province
in Vietnam; year of data collection not reported

Median age 32 (IQR 15 to 47)

54% female

HIV prevalence not reported; HIV prevalence among adults (15 to
49) in 2016: 0.4% (https://www.unaids.org)

TB prevalence 367 per 100,000

Smoking not reported. Using tobacco daily in 2015: approximately
20%. (38.7% for male, 0.9% for female; https://tobaccoatlas.org;
accessed April 2020)

% with history of previous TB treatment: not reported

Index tests 1) Cough on day of screening (classified as cough of any duration)

Ho 2016 
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2) Cough lasting 2 weeks or more

3) At least 1 symptom on day of screening out of 5 questions

4) Any symptom for the past 2 weeks or more

Although the threshold for 3) and 4) was not pre-specified, the au-
thors probably did not compose thresholds in a data-driven way

Target condition and reference standard(s) Bacteriological tests: 1 sputum sample was tested with Xpert MTB/
RIF (note that culture and CXR were also used but data not ex-
tractable)

Case definition: Xpert-positive on 1 sputum sample

Flow and timing A large proportion (47%) did not cough up sputum, but were in-
cluded in the analysis under the (biased) assumption: 'all who did
not cough up sputum did not have TB'

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Ho 2016  (Continued)

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

99



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ho 2016  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional TB prevalence survey with multi-stage clus-
ter sampling, stratified by area (urban, rural, remote). In total,
105,000 adults divided over 70 clusters were selected with proba-
bility proportional to size; 103,924 were eligible and 94,179 partic-
ipated

Patient characteristics and setting General population of 15 years and older, urban and rural, recruit-
ed in 2006 in Vietnam

Median age between 35 and 44 years (42.0% were between 15 and
34 years)

54.7% female

Hoa 2012 
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History of TB treatment: 0.5%

HIV prevalence not reported; HIV prevalence in adults 15 to
49 years 0.5% (UNAIDS 2006: http://data.unaids.org/pub/re-
port/2006/2006_gr_en.pdf)

Smoking information not provided; Tobacco Atlas 1st edition
(2002): 27% of adult population current tobacco use

Index tests 1) Persistent productive cough, meaning current cough for more
than 2 weeks with sputum production. Individuals were also
asked about TB history, and individuals who were currently re-
ceiving anti-tuberculosis treatment or had received treatment
in the 2 years preceding the survey were not interviewed about
cough.

2) All participants underwent CXR screening by 70 × 70 mm mass
miniature radiography (photofluorography) or digital X-ray units
(mobile). Not stated what proportion had what type of CXR. X-ray
images were scored as showing no abnormalities (normal), abnor-
malities suggestive of TB, or other abnormalities (including other
visible organs). All abnormal CXR images were reread in central X-
ray reading units.

3) Persistent productive cough or CXR suggestive of TB or both

Target condition and reference standard(s) Only persons with persistent productive cough or abnormal CXR
or both on screening were requested to submit 3 sputum speci-
mens for bacteriological examination; 8.1% received bacteriologi-
cal testing

Bacteriological tests: 2 samples tested for ZN microscopy, 1 for LJ
culture

Case definition: 1 positive culture or 2 positive smears or 1 posi-
tive smear and CXR abnormal

Flow and timing 6% to 10% were unable to produce sputum and assumed as TB-
negative

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Hoa 2012  (Continued)
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Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Hoa 2012  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified clus-
ter sampling using PPS of 66 selected clusters (CSAs) in 49 districts in
all the 10 provinces of Zambia. On average 825 persons per cluster.
Resident definition: slept in the household 24 hours prior to the cen-
sus. Of 54,830 eligible residents, 46,099 (84%) participated.

Patient characteristics and setting General population 15 years and older, in Zambia, a LMIC, enrolled in
2013 to 2014

TB prevalence (bacteriologically confirmed, year/survey), 638/100,000
population, incidence (2013): 427/100,000

Median age 32 years (IQR 22 to 47)

56.4% female

HIV prevalence: 30,584 (33.7%) of 46,099 participants were HIV-tested
of whom 6.7% were HIV-positive

Smoking and previous TB treatment information n/a (only in pre-
sumptive TB cases)

In Zambia of adults 15+ using tobacco daily in 2015: 16% in men, 2.5%
in women (https://tobaccoatlas.org/country/zambia/; accessed May
2020)

Index tests Symptom screen: any one of the following 3 symptoms for at least 2
weeks: cough, fever and/or chest pain. The definition is somewhat dif-
ferent: it cannot be classified as cough > 2 weeks, but is also quite dif-
ferent from most 'any TB symptom' studies as there are only 3 symp-
toms that are required to be present for at least 2 weeks.

Kapata 2016 
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CXR: direct digital, an abnormal chest X-ray was defined as one show-
ing any lung abnormality (e.g. opacities, cavitation, fibrosis, pleural ef-
fusion, calcification, any unexplained or suspicious shadow) and heart
abnormalities detected on interpretation by a qualified medical offi-
cer.

Target condition and reference standard(s) Bacteriological tests: 2 samples (spot, morning): concentrated prepa-
ration, FM (LED, auramine stain) and culture on LJ media and MGIT
media. Xpert MTB/RIF testing was performed for all smear-positive or
if the only sample collected yielded inconclusive results after a case
definition meeting.

Incorporation: 13.3% received a reference standard. By design, partic-
ipants with TB symptoms or a CXR abnormality or both were eligible
for sputum examination. Participants not eligible for sputum or with-
out a sputum result were assumed not to have TB.

Case definition: a bacteriologically confirmed pulmonary TB case was
a participant with smear-positive and/or culture-positive pulmonary
TB (or Xpert MTB/RIF positive).

Flow and timing 91.3% of eligible had a result. 60.5% had results for FM and MGIT on 2
samples. Not clear what happened to the 'undefined' category at the
bottom of Figure 1. Classified as TB negative?

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Kapata 2016  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    High

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacte-
riological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Kapata 2016  (Continued)

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

105



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

No    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kapata 2016  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national tuberculosis prevalence survey. Strati-
fied, multi-stage sampling of 85 clusters/kebeles, selected from 3
strata, proportional to the population size living in each area (Ur-
ban, Rural, Pastoralist).

Patient characteristics and setting General population in Ethiopia of 15 years and older, 2010 to 2011
(n = 46,697)

Median age 33.6 years

53% female

Smoking, information not provided; Tobacco Atlas 3rd ed. 2009:
current cigarette smoking: 6.9% in men, 0.5% in women

Previous history of TB treatment: in past 5 years (excluding those
currently on treatment): 1.6%

HIV prevalence in study population not reported, in the general
population HIV prevalence is 2.3%

Index tests Symptoms:

- Cough for 14 days or more (considered eligible for sputum exam-
inations in survey)

- Any 1 symptom out of: cough and duration, fever for 2 or more
weeks, weight loss of more than 3 kg in the last 4 weeks, night
sweats for 2 or more weeks, cervical lymph node swelling

CXRs with conventional portable CXR equipment. Classified as any
pulmonary abnormality vs no pulmonary abnormality (field read-
ing). Abnormal was defined as: any abnormality in lung field or
mediastinum, including cavities, infiltrates, pleural effusion, hilar
or mediastinal lymphadenopathy, pulmonary nodules, interstitial
abnormalities, and healed TB.

Target condition and reference standard(s) Bacteriological test: 2 samples examined with fluorescence mi-
croscopy, 1 of them cultured on solid (LJ) medium

Incorporation: 12.6% had a reference standard. Persons without
symptoms and without CXR abnormality were considered not to
have TB

Kebede 2014 
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Case definition: bacteriologically confirmed TB: includes definite
and probable TB. Definite TB case = study participant with 1 cul-
ture-positive specimen with Mycobacterium tuberculosis and at
least 1 of following conditions: AFB smear-positive, culture-posi-
tive in another specimen, CXR consistent with TB by audited cen-
tral reading. Probable TB: AFB smear-positive no culture (TB) posi-
tive AND no isolation of MOTT. Of 110 cases 6 (5%) have 1 positive
smear only.

Flow and timing From the total eligible individuals for sputum examination: 5868
(97%) individuals had at least 1 smear result, 5606 (92%) individu-
als had both smear results, and 5807 (99%) individuals had 1 cul-
ture, of which 5503 (95%) had a culture result

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Kebede 2014  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Kebede 2014  (Continued)
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Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS of 100 clusters of 720 participants on av-
erage, stratified by urban vs rural. 1 cluster was excluded for securi-
ty reasons.

Of 76,291 eligible residents, 63,050 (83%) participated

Resident definition: lived in the selected cluster for at least 30 con-
secutive days prior to the census

Patient characteristics and setting General population 15 years and older, in Kenya, a LMIC, enrolled in
2015 to 2016

TB prevalence (bacteriologically confirmed, year/survey)
558/100,000 population, incidence (2018): 292/100,000

Median age between 25 and 34 years

59% female

HIV prevalence in the general population aged 15 to 49 years was
5.6% (UNAIDS http://aidsinfo.unaids.org/; accessed January 2018)

Smoking status and history of previous TB treatment among survey
participants not collected

Tobacco Atlas using tobacco daily in 2015, adults: approximate-
ly 8%; 14.9% of males, 1% female (https://tobaccoatlas.org/coun-
try/kenya/; accessed April 2020)

Index tests Symptom screens:

- Cough for ≥ 2 weeks

- Cough of any duration

- Any TB symptom out of 7: cough, chest pain, shortness of breath,
weight loss, fever, fatigue, drenching night sweats

CXR: direct digital, mobile

- TB abnormalities (field reading: infiltrate or consolidation, nod-
ules, cavitary lesion, pleural effusion, hilar or mediastinal lym-
phadenopathy, linear or interstitial disease (in children)

- Any CXR abnormality: as above and also musculoskeletal, cardiac,
pleural abnormality, diaphragmatic cp angle blunting, solitary cal-
cified nodules or node

CXR TB abnormality or cough for ≥ 2 weeks or both

Persons with CXR TB abnormality or cough for ≥ 2 weeks or both
were asked to submit sputum

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for direct FM microscopy
and LJ culture; sample for Xpert MTB/RIF

Incorporation: 14.1% received a reference standard. By design, par-
ticipants with cough of 2 or more weeks or a CXR abnormality or
both were eligible for sputum examination. Participants not eligible

Kenya MoH 2018 
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for sputum or without a sputum result were assumed not to have
TB.

Case definition: bacteriologically positive TB case = definite = MTB
confirmed by culture and/or Xpert

1.3% of true (confirmed) TB cases were symptom-screen negative
and chest X-ray exempted

Flow and timing A total of 9715 were eligible to provide sputum and of these it ap-
pears that 9121 (94%) did

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Kenya MoH 2018  (Continued)

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

110



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results interpret-
ed without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Yes    

Did all patients who were supposed to receive a bacteriologi-
cal reference standard (by design) actually have one, and have
a result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kenya MoH 2018  (Continued)
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Study characteristics

Patient Sampling Screening campaign in 2 homeless shelters. 2 screening rounds
were held, 10 months apart, in each location starting in 1996:
screenings were done during the evening hours before the assign-
ment of beds to registered clients, which was the only time that
their movements could be controlled.

Patient characteristics and setting Homeless and/or drug users attending 2 shelters in USA Alabama;
adults; screening was in 1996 and 1997

Adult males only (n = 127)

Mean age 40.8 years (SD 9.4)

9 were screened twice, but did not have TB

TB prevalence in study population 310/100,000 population

HIV prevalence, history of previous TB, and smoking in population
not reported

Index tests Productive cough (any duration)

Target condition and reference standard(s) Bacteriological tests: 1 sputum sample, tested with smear mi-
croscopy for AFB using Kinyoun’s modification, and cultured on
solid media (Middlebrook 7H-11 and Löwenstein-Jensen)

Case definition: 1 positive culture (with or without smear)

Sputum was requested from all participants

All (4) cases had CXR abnormalities

Flow and timing 120/127 (94.5%) participants provided a sputum specimen for
bacteriological testing; 8 gave a second specimen during subse-
quent screenings

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

Kimerling 1999 
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DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Kimerling 1999  (Continued)
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Study characteristics

Patient Sampling People with diabetes were recruited consecutively from the en-
docrine outpatients clinic at Hasan Sadikin General Hospital and
25 community health centres. Cross-sectional design. 2 x 2 table
available for subset with DICOM files available, which was 346
(43.6%) individuals. DICOM files that were missing had been delet-
ed before being accessed to free up limited electronic storage
space on the routine system.

Patient characteristics and setting People with diabetes aged greater than or equal to 18 years of age;
in Bandung, Indonesia, a LMIC; recruited in 2013

Mean age 59.3 years (SD 10.2)

56.4% female

TB prevalence in study population 2601/100,000; incidence in In-
donesia 319/100,000

HIV prevalence among adults is generally low (at 0.4%) and people
with diabetes are not considered to be a high-risk population for
HIV in Indonesia

11% had history of previous TB

Smoking information not provided

Index tests Symptom screening: cough for 2 or more weeks

CXR, digital, read by radiologist for abnormalities suggestive of TB
(probable or possible active TB)

Target condition and reference standard(s) Bacteriological tests: 2 samples for ZN microscopy and MGIT cul-
ture and Xpert MTB/RIF

Incorporation: 20% received a reference standard; by design, par-
ticipants without were assumed not to have TB

Case definition: active pulmonary TB - smear, culture, or Xpert-
positive or if a pulmonologist decided to treat them for TB

No TB cases without signs of active disease at the time of screen-
ing

Flow and timing Not clear who had Xpert testing. Of 70 persons required to give
sputum by design, 15 did not (21%) and for an additional 2 (3%)
culture was not done.

Comparative  

Notes Data on CAD were not used

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Koesoemadinata 2018 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Koesoemadinata 2018  (Continued)
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Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Koesoemadinata 2018  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional design. National prevalence survey Lao PDR. Par-
ticipants were selected from 50 clusters of 800 people each. All el-
igible persons were invited and only those > 15 years who lived
there for at least 14 days were eligible.

Patient characteristics and setting General population of 15 years and older, mixed urban and rural;
data collected in 2010

Median age 36 (IQR 24 to 50)

54.8% female

HIV prevalence low (0.3% in adults aged 15 to 49 in 2018 https://
www.unaids.org)

TB prevalence 595 per 100,000

Smoking prevalence not reported; 46.9% of adults using tobacco
daily in 2015 (https://tobaccoatlas.org)

% with history of previous TB treatment: not provided

Law 2015 
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Index tests Symptom screen: cough for 2 weeks or more in the past month OR
haemoptysis in the past month

CXR (conventional mobile); any pulmonary abnormality

Target condition and reference standard(s) 2 sputum samples were tested with smear microscopy (ZN) and
with solid culture

Incorporation: 16.1% had a reference standard, by design

Case definitions: smear-positive OR culture-positive, divided in-
to 'definite' smear-positive pulmonary TB: at least one positive
smear plus a positive culture, and 'probable' smear-positive pul-
monary TB: at least one positive smear plus a CXR consistent with
TB

Flow and timing Even though there were screen positives who did not receive a
bacteriological reference standard, the proportion of these peo-
ple was small. Also the proportion of people who did not have the
same reference standard was small.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Law 2015  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   Low risk  

Law 2015  (Continued)
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Patient Sampling Annual medical examination of all employees of a gold mining industry to deter-
mine fitness to work. Alternate miners attending their annual medical examination
were sampled; permanent employees were included and contractors were exclud-
ed.

Patient characteristics and setting An occupational health centre of a single gold mining company in the Free State
Province, South Africa from July 2000 to January 2001. Since all employees require
annual screening, repeat screening of the same individuals is common.

Only males aged ≥ 20 years, median age 41 years (IQR 20 to 61); n = 1955

TB prevalence in study population 2609 per 100,000; HIV prevalence 29%

9.8% previously treated for TB; 27% had some signs of silicosis

Smoking prevalence not provided; Tobacco Atlas 1st edition (2002): 42% in male
population in South Africa

Index tests - Symptom trio: at least 1 of new or worsening cough (any duration), night sweats,
or weight loss

- New or worsening cough of any duration

- New or worsening cough of cough > 2 weeks

- New or worsening cough of cough > 3 weeks

- At least 1 symptom out of 6 symptom questions asked: new or worsening cough
and duration, new or worsening sputum production, haemoptysis, night sweats,
fever and duration of fever, and weight loss of more than 5 kg in previous 6 months
(mini-CXR was done but not evaluated as a screen in this review). The authors re-
port on 10 combinations.

Target condition and reference standard(s) Bacteriological tests of all participants: 2 sputum specimens for FM microscopy
and LJ culture were collected. Individuals with predefined symptoms, a new or
changing radiological lesion on mini-chest radiograph compared with the previ-
ous chest radiograph, a positive sputum smear or positive culture were further in-
vestigated, with 3 sputum specimens for FM microscopy, LJ culture, and organism
identification (and a standard size chest radiograph).

Case definition: definite: 1 positive culture and compatible clinical or radiological
features, or 2nd positive sputum culture; presumed: compatible clinical features,
no response to antibiotics, response to anti-TB treatment, and were smear-posi-
tive or new radiological evidence (no presumed cases were identified).

Flow and timing The first 2 sputum samples, collected during screening, were considered as a
screening. If positive on smear, culture, or symptoms or MMR was positive, then
the suspect was further evaluated with more sputum cultures, full CXR. Therefore
not all cases were culture-positive at the time of screening, but had e.g. an abnor-
mal MMR and a positive culture at the time of follow-up. There is some time in be-
tween the first screening and the review.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

Lewis 2009a  (Continued)
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the
index test have introduced bias?

  Low risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely
to correctly classify the target condition?

Yes    

Were the bacteriological reference standard re-
sults interpreted without knowledge of the re-
sults of the index test?

Yes    

Did the study design require all patients to re-
ceive a bacteriological reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Lewis 2009a  (Continued)
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Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients who were supposed to receive
a bacteriological reference standard (by de-
sign) actually have one, and have a result?

Yes    

Did patients subjected to a bacteriological ref-
erence standard all receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Lewis 2009a  (Continued)

 
 

Study characteristics

Patient Sampling See Lewis 2009a; HIV-negative participants only

Patient characteristics and setting See Lewis 2009a; HIV-negative participants only

Index tests See Lewis 2009a

Target condition and reference standard(s) See Lewis 2009a

Flow and timing See Lewis 2009a

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   Low risk  

Lewis 2009b 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Lewis 2009b  (Continued)
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Study characteristics

Patient Sampling Routine screening of household contacts, defined as any person
living on the same residential plot who shared either the same res-
idential structure or frequent meals with the index case, of con-
secutively enrolled index cases (recently diagnosed with TB in
public clinics) were home visited and eligible to participate

Patient characteristics and setting Household contacts of all ages, in Vhembe District, a rural munici-
pality in Limpopo Province, South Africa, a UMIC; enrolled in 2013

TB prevalence (bacteriologically confirmed, year) 3940/100,000
population, incidence: 350/100,000

Median age 26 years, IQR 17 to 50; 24% were children under 15

72% female

HIV prevalence 16%

Smoking: 4% of participants

10% of participants reported previous TB treatment

Index tests Symptom screens:

- Cough of any duration

- At least 1 TB symptom out of 6: cough, fever, fatigue, loss of ap-
petite, weight loss, night sweats

Target condition and reference standard(s) Bacteriological tests: 1 sample for FM microscopy and liquid cul-
ture

Incorporation: 95.7% received a reference standard; all were eligi-
ble

Case definition: newly diagnosed TB, confirmed by smear or cul-
ture

The majority (82%) of TB cases were asymptomatic with no infor-
mation on CXR (not done). The case definition is based on 1 posi-
tive culture and only 2/11 cases reported 1 or more symptoms.

Flow and timing 3 persons with prevalent TB were excluded from analysis, which
makes sense. Only 12/279 = 4.3% could not provide sputum (con-
sidered TB-negative), which is a small percentage.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Little 2018 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Little 2018  (Continued)
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Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Little 2018  (Continued)

 
 

Study characteristics

Patient Sampling Contact tracing of close contacts in a school after an outbreak of smear-
positive tuberculosis. Probably the whole class of the index case was se-
lected, but this was not clearly described.

Patient characteristics and setting Adolescents 15 to 17 years old in a middle school in Dalian, China; data
collected in 2014

Mean age 15.6 years (SD 0.5)

48.6% female

TB prevalence in the population not reported; in the general population
(see Cheng 2015) 442/100,000

HIV prevalence not reported, but generally very low in China (HIV/AIDS
prevalence in general population 0.037% in 2014; https://www.un-
aids.org/sites/default/files/country/documents/CHN_narrative_re-
port_2015.pdf)

Information on smoking and history of previous TB treatment not re-
ported. In China in 2015 < 1% of 10 to 14-year olds smoked (1.5% in
boys, 0.3% in girls) https://tobaccoatlas.org/country/china/; accessed
May 2020)

Index tests CXR. Direct radiography. Posterior-anterior chest DR with digital radiog-
raphy. Classification of pulmonary tuberculosis signs by Xiwei Lu's stan-
dards. Abnormal shadow detection on DR.

Based on DR screening and clinical examination 8 TB cases were diag-
nosed. All 8 had bacteriology of whom 4 had positive bacteriology.

The CXR may have been used primarily to diagnose tuberculosis, but
this is not clear.

Target condition and reference standard(s) Bacteriological tests: sputum smear, culture, and Xpert MTB/RIF were
carried out. Unclear how many samples were collected/tested: of all 35
students, or only 8 + 6 = 14 with CXR (DR) or CT abnormalities. Unclear
which microscopy and culture methods were applied.

Case definition: authors report that 1 case had a positive culture, 3 had
positive Xpert. We take that as reference standard.

Lu 2016 
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Incorporation bias: 40% received the reference standard (probably
14/35 had bacteriology; not clear how many samples were tested per
person).

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Unclear

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Unclear    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

No    

Did the study design require all patients to receive a bac-
teriological reference standard?

No    

Lu 2016  (Continued)
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Incorporation bias avoided? No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

Unclear    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Lu 2016  (Continued)

 
 

Study characteristics

Patient Sampling Screening of minibus drivers in portable gazebos in minibus park-
ing bays; voluntary participation

Patient characteristics and setting Occupational setting: minibus drivers in central Johannesburg, ur-
ban South Africa; data collected in 2011

Median age 37 years (IQR 30 to 45); 3% females

Among screened population:

- TB prevalence not reported

- HIV prevalence approximately 14.5%

- Smoking 38%

- History of previous TB treatment 7%

Index tests 1 or more of 4 TB symptoms: cough, fever, night sweats, weight
loss (WHO 4-symptom tool for HIV-positive)

Target condition and reference standard(s) Bacteriological tests: a single spot sputum sample was collected
for fluorescence microscopy and culture on MGIT. Speciation us-
ing Hain GenoType MTBDRplus and the Hain GenoType Mycobac-
terium CM.

Mabuto 2015 
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Case definition: definite TB = a sputum culture positive for M tu-
berculosis

Incorporation: all participants eligible for reference test

2 of 10 cases were asymptomatic; no information on CXR provided

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Mabuto 2015  (Continued)
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Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Mabuto 2015  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS of 74 clusters of 500 participants on
average, stratified by urban, semi-urban, rural. Of 39,026 eligible
residents, 31,579 (81%) participated. Resident definition: slept in
the household for at least 14 days prior to the census.

Patient characteristics and setting General population 15 years and older, in Malawi, a LIC; enrolled
in 2013 to 2014

TB prevalence (bacteriologically confirmed, year/survey)
452/100,000 population, incidence (2018): 181/100,000

Median age between 25 and 34 years

58.5% female

HIV prevalence: all participants were asked if they had ever been
tested for HIV and 63% disclosed their status, 9.3% HIV-positive

Smoking (current): 9.6% of survey participants

0.7% of participants reported previous TB treatment

Index tests Symptom screen: any of the following symptoms for at least 1
week: cough, sputum production, haemoptysis, chest pain, weight
loss, night sweats, fatigue, fever or shortness of breath

Malawi MoH 2016 
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CXR: TB-related abnormalities (conventional mobile equipment)

Combination of the presence of the above symptom screen, CXR
screen, or both

Target condition and reference standard(s) Bacteriological tests: 2 samples for FM microscopy and LJ culture

Incorporation: 10.6% received a reference standard. By design,
participants with any of the 9 symptoms for ≥ 1 week or a TB ab-
normality on CXR or both were eligible for sputum examination.
Participants not eligible for sputum or without a sputum result
were assumed not to have TB.

Case definition: bacteriologically positive TB case = definite = MTB
confirmed by culture and/or Xpert

Flow and timing Low risk of bias since 97.5% of the 3432 who were eligible for spu-
tum submitted at least 1, and mostly 2, samples and had a result

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Malawi MoH 2016  (Continued)
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If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Malawi MoH 2016  (Continued)
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Could the patient flow have introduced bias?   Low risk  

Malawi MoH 2016  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional design. A subset of the national prevalence sur-
vey in Zambia conducted in 2013/2014. Random sampling of 66
clusters in all provinces. Within a cluster all residents were eligi-
ble. The subset comprised 52.7% of survey participants, and were
those of whom a CXR could be collected and results linked at the
time of study. Unclear risk of bias because of the unavailability of
many CXRs.

Patient characteristics and setting General population, urban and rural, of 15 years and older

Median age 36 (SD 17)

56.2% was female

In study population:

- HIV prevalence 6.8%

- TB prevalence 455 per 100,000

- Information on smoking and history of TB treatment not provid-
ed

In Zambia of adults 15+ using tobacco daily in 2015: 16% in men,
2.5% in women (https://tobaccoatlas.org/country/zambia/; ac-
cessed May 2020)

Index tests Digital CXR. index tests:

Human reader (central reading by radiologist), abnormalities con-
sistent with TB (Melendez 2017b)

Of other index tests reported in this publication the data are taken
from Kapata 2016 , which reports on the same original study.

Target condition and reference standard(s) Bacteriological test: 2 samples tested with liquid culture; positive
cultures were speciated with ZN stain and Capillia test

Case definition: culture-positive for M tuberculosis

Incorporation: 16% had a reference standard

Flow and timing 427 index test positives did not receive culture at the end; these
persons were excluded from the analysis

Comparative  

Notes  

Methodological quality

Melendez 2017 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Symptom questions)

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Melendez 2017  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Melendez 2017  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional - national prevalence survey cluster sampling, 42 clusters selected,
persons 10 years or older were eligible. Those who could not appear at the survey
site due to sickness, handicaps or old age were home-visited by the census team.

For disease prevalence survey (n = 23,084), total 22,160 consenting participants.
They interviewed survey participants or their parents in case of children and col-
lected information on name, sex, age, TB history, TB symptoms and health-seek-
ing behaviours. All participants aged 10 and above with suspected TB symptoms
such as coughs lasting for 3 weeks or more and/or blood contained sputum were
asked to submit sputum specimens regardless of the results of the X-ray screen-
ing. Those who could not appear at the survey site due to sickness, handicaps or
old age were home-visited by the census team. Transportation to the examination
site was arranged for those who could not afford themselves. All those deemed to
have an abnormal chest radiograph in the lung field or mediastinum more than a
single small calcification nodule or pleural adhesion at the cost phrenic angle were
asked to proceed to the Bacteriological Examination Unit immediately. Even when
abnormal findings consisted of shadows not compatible with TB such as bronchi-
olectasis or bronco-pneumonia in the lower lobe, sputum examinations were re-
quested. When they did not agree to visit the site, at least sputum examinations
were carried out if they were identified as TB suspects by symptoms. All were inter-
viewed for symptoms and n = 22,012 (99.3%) had a CXR. 2 sputum specimens were
collected.

Patient characteristics and setting General population of 10 years and older; mixed urban and rural; in 2002 (n =
22,160)

47.7% is between 10 and 24 years old

54.2% female

History of previous TB treatment reported by 2.1%

HIV prevalence 1% (from another survey)

Smoking prevalence not reported; Tobacco Atlas 1st ed. 2002: 37% adult smoking

Index tests Cough any duration

Cough for 3 weeks or more

MoH Cambodia 2005 
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Any symptom out of 8

TB-related shadows or other lung disease

Cough for ≥ 3 weeks and/or TB-related shadows or other lung disease

Symptom questions asked (8): cough, sputum, sputum with blood, chest pain, lost
weight, fatigue, fever, sweat at night, other; and number of days. Since cough for
3 or more weeks determined who was examined by sputum or not, this may have
affected the questioning.

Conventional mobile CXR. Abnormalities were defined as: TB-related shadow, or
other lung disease, i.e. an abnormal chest radiograph in the lung field or medi-
astinum more than a single small calcification nodule or pleural adhesion at the
cost phrenic angle. For this review classified as abnormalities consistent with TB vs
not consistent, other lung disease was included in the definition (not exactly 'any
abnormality' either since small calcifications and pleural adhesions were consid-
ered as abnormal for the classification).

Target condition and reference standard(s) Only persons with cough of 3 or more weeks, haemoptysis or CXR abnormalities
were selected for sputum examination; 14.9% had a reference standard

Bacteriological test: 2 specimens tested with ZN microscopy and solid culture
(Ogawa and Kudoh mediums)
Case definition: 1 or more cultures positive for M tuberculosis (with or without pos-
itive smear), or 2 positive smear results, or 1 positive smear result with an X-ray re-
sult consistent with active tuberculosis

Applicability concern because for some smear-positive culture negative cases CXR
was part of the case definition

Flow and timing Some participants with symptoms but no CXR abnormalities were also excluded
from sputum collection (n = 419), > 10%

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have intro-
duced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

MoH Cambodia 2005  (Continued)
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Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Unclear

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Unclear

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely
to correctly classify the target condition?

Yes    

Were the bacteriological reference standard re-
sults interpreted without knowledge of the re-
sults of the index test?

No    

Did the study design require all patients to re-
ceive a bacteriological reference standard?

No    

Incorporation bias avoided? No    

MoH Cambodia 2005  (Continued)
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Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Yes    

Did all patients who were supposed to receive
a bacteriological reference standard (by de-
sign) actually have one, and have a result?

No    

Did patients subjected to a bacteriological ref-
erence standard all receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

MoH Cambodia 2005  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional - prevalence survey. Target area was whole area of Cambo-
dia. 62 clusters were selected by the population proportionate multi-stage
cluster sampling. The study target population included all persons aged
15 years or older who had resided at the selected survey sites for 2 weeks
or longer at the time of survey, except for those meeting the exclusion cri-
teria (persons living at military and diplomatic compounds, hospitals and
hotels).

Patient characteristics and setting General population 15 years and older (n = 37,417); the same areas were
included in the survey of 2002 (> 10 years earlier)

52.4% were between 15 and 34 years old

54% female

4% reported history of previous TB

Smoking percentage not reported; Tobacco Atlas: adult smoking(15+ years
old) % using tobacco daily in 2015: 32.1% males, 2.4% females https://to-
baccoatlas.org/country/cambodia/; accessed May 2012)

HIV prevalence not reported; 0.7% in general population in 2012
(https://aidsdatahub.org/sites/default/files/publication/UNDP_Re-
port_about_HIV_Social_Protection_Schemes.pdf; accessed May 2012)

MoH Cambodia 2012 
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Index tests 8 symptoms questions: cough + duration, sputum, haemoptysis, chest
pain, loss of weight, fatigue, fever, night sweats

Conventional mobile CXR. The field CXR reader and/or the second reader
(the team leader) screened the subjects for eligibility for sputum collection
immediately (if any abnormal shadow in the lung field and mediastinum,
or pleural effusion except pleural thickness or small single calcification)

CXR reading classifications: abnormalities consistent with TB vs not con-
sistent (final reading (includes active and healed TB)); any pulmonary ab-
normality vs no pulmonary abnormality (field reading)

Target condition and reference standard(s) Bacteriological tests: 2 samples for FM microscopy and culture; culture
method not clear

Incorporation: 12.3% received a reference standard. By design, eligibility
for sputum examination was if cough for 2 weeks or longer or haemopty-
sis was present and/or on CXR any abnormal shadow in the lung field or
mediastinum other than a single small calcification nodule with a size less
than 10 mm or pleural adhesion at costophrenic angle(s). Others were as-
sumed not to have TB.

Case definition: bacteriologically positive TB case includes definite (M
tuberculosis confirmed by culture) and probable (smear-positive on 2
smears, or 1 smear and CXR suggestive of active TB; and MTB not con-
firmed by culture)

The percentage of true (confirmed) TB cases had no signs of active disease
at the time of screening not reported

Flow and timing 3.5% of those expected to give sputum, did not give sputum; % with miss-
ing results unclear

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

MoH Cambodia 2012  (Continued)
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to cor-
rectly classify the target condition?

Yes    

Were the bacteriological reference standard results in-
terpreted without knowledge of the results of the index
test?

Yes    

Did the study design require all patients to receive a
bacteriological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

MoH Cambodia 2012  (Continued)
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Did all patients who were supposed to receive a bacte-
riological reference standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacteriological reference
standard all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

MoH Cambodia 2012  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS of 156 clusters of 500 participants on
average, stratified by island and urban vs rural.

Of 76,576 eligible residents, 67,944 (89%) participated.

Resident definition: lived in the household for at least 1 month pri-
or to the census

Patient characteristics and setting General population 15 years and older, in Indonesia, a LMIC, en-
rolled in 2013-2014

TB prevalence (bacteriologically confirmed, year/survey)
759/100,000 population, incidence (2018): 316/100,000

Median age between 35 and 44 years

53.4% female

HIV prevalence in the general population aged 15 to 49 years was
0.4% (UNAIDS http://aidsinfo.unaids.org/; accessed April 2017)

Smoking: 40.4% of participants in a KAP survey among persons
who screened positive

3.2% of participants reported previous TB treatment

Index tests Symptom screen: cough for ≥ 2 weeks and/or haemoptysis (survey
screen)

CXR (digital), abnormality in lung or pleura

Combination: cough for ≥ 2 weeks and/or haemoptysis OR abnor-
mal CXR (any pulmonary abnormality) OR both

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for ZN microscopy and
LJ culture (2 samples cultured in 52 clusters, 1 sample in 104 clus-
ters). Xpert MTB/RIF for smear-positive samples or inconclusive
culture.

Incorporation: 21.7% received a reference standard. By design,
participants not eligible for sputum or without a sputum result
were assumed not to have TB.

MoH Indonesia 2015 
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Case definition: definite: MTB confirmed by culture and/or Xpert;
probable: for 6 out of 7, cultures were identified by niacin but not
MPT64, with chest X-ray suggestive of TB. One case was a pregnant
participant who was Xpert-positive, but culture contaminated.

Flow and timing Of the 67,944 participants, 15,446 were eligible to give sputum
and, of these, 15,141 submitted at least 1 sputum (98%) and
14,604 submitted 2 specimens (95%). At least 1 culture result
available 14,773 (96%).

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

MoH Indonesia 2015  (Continued)
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DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Unclear    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

MoH Indonesia 2015  (Continued)
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Patient Sampling Cross-sectional national TB prevalence survey 2009-2010. Mul-
ti-staged cluster sampling of 70 clusters, providing 57,607 persons
15 years and older selected. 51,367 (89%) agreed to participate. All
were interviewed and eligible for CXR.

Patient characteristics and setting General population (n = 51,367)

15 years or older; median between 35 and 44

56% female

TB prevalence in study population 613/100,000

History of previous TB treatment reported by 2.9%

Smoking reported by 28.7%

HIV prevalence in study population not measured (9 participants
self-reported HIV infection). In 1999 a peak prevalence in Myan-
mar of ± 2.7% in 1999 according to HIV prevalence data in ante-
natal care clinics (http://www.unaids.org/en/dataanalysis/mon-
itoringcountryprogress/2010progressreportssubmittedbycoun-
tries/myanmar_2010_country_progress_report_en.pdf).

Index tests Symptoms screens:

- Cough of any duration

- Cough 3 or more weeks

- Any 1 symptom out of 8: cough, expectoration, blood in sputum,
weight loss, low-grade fever, chest pain, others, within the last
month, and duration

- TB suspect means a person who has cough more than 3 weeks
and/or have haemoptysis

CXR screening (conventional, mobile). Field readers (general med-
ical officer) and specialized readers at central level. Classifica-
tions:

- Abnormalities consistent with TB vs not consistent, at central
level

- Any abnormality vs normal (includes other visible organs) at field
reading level

Symptom and CXR combination: cough 3 weeks or/and CXR sug-
gestive of TB

Target condition and reference standard(s) Bacteriological test: 2 samples for solid culture (Ogawa) and FM
smear microscopy

Incorporation: persons with cough 3 or more weeks and/or
haemoptysis or any lesion in the lung fields or mediastinum on
CXR, and those without CXR were eligible for sputum collection.
Those were 12,235 (23%). Participants ineligible for sputum are
assumed not to have TB.

Case definition: 2 positive smears or 1 positive smear with TB-CXR,
or 1 positive culture

MoH Myanmar 2012  (Continued)
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Of all cases 12 (4%) were among those without CXR, who did not
report symptoms

Flow and timing Of 12,235 participants eligible for sputum collection, 11,587 gave
sputum (99.3%); 433 (4%) had 1 sputum result only, instead of 2

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

MoH Myanmar 2012  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

MoH Myanmar 2012  (Continued)
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Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS of 96 clusters of 600 (city)/500 (other)
participants on average, stratified by city, provincial centre, rural.

Of 60,031 eligible residents, 50,309 (84%) participated. Resident
definition: slept in the household for 14 days prior to the census.

Patient characteristics and setting General population 15 years and older, in Mongolia, a LMIC, en-
rolled in 2014 to 2015

TB prevalence (bacteriologically confirmed, year/survey)
560/100,000 population, incidence (2018): 428/100,000

Median age between 35 and 44 years

60% female

In 2014, the prevalence of HIV in the general population aged 15 to
49 years was < 0.1% (UNAIDS http://aidsinfo.unaids.org/; accessed
April 2017)

Smoking: 24.4% of survey participants

4.2% of participants reported previous TB treatment

Index tests A symptom questionnaire with 9 questions was applied: cough,
sputum production, haemoptysis, weight loss, fever, chest pain,
short breath, loss of appetite, night sweats

Symptom screens:

- Cough of any duration

- Cough for ≥ 2 weeks (eligible for sputum in survey)

- Any TB symptom out of 9

CXR (direct digital): any lung abnormality

CXR or cough for ≥ 2 weeks or both

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for FM microscopy and
Ogawa culture; Xpert MTB/RIF done for smear-positive specimens
only

Incorporation: 18.9% received a reference standard. By design,
participants with cough of 2 or more weeks or a CXR abnormality
or both were eligible for sputum examination. Participants not eli-
gible for sputum or without a sputum result were assumed not to
have TB.

Case definition: bacteriologically positive TB case includes defi-
nite n = 245 (MTB confirmed by culture and/or Xpert), and proba-
ble n = 3 (MTB not bacteriologically confirmed but CXR suggestive
of TB, or scanty culture-positive and clinical confirmation

3/248 (1.2%) cases were symptom-negative and CXR exempt

Flow and timing Of 10,359 who were eligible for sputum 9546 (92%) submitted at
least 1 specimen and 9473 (91%) submitted 2; 9527 (92%) had at
least 1 culture result available

Mongolia MoH 2016  (Continued)
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Mongolia MoH 2016  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Mongolia MoH 2016  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional design, contact tracing of family members of
smear-positive PTB cases, sampling was based on census.

A household close contact was someone who has lived for more
than 30 days in the same house as an index case.

Patient characteristics and setting Household contacts of 6 years and older, in Mazandaran province,
Iran, a UMIC, enrolled in 2010

TB prevalence (study) 900/100,000 population, incidence:
14/100,000

Moosazadeh 2015 
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Mean age 36.9 years (SD 19.6)

55.5% female

Information on HIV, smoking and history of previous TB not pro-
vided

UNAIDS: HIV prevalence - the percentage of people living with HIV
- among adults (15 to 49 years) was 0.1% in 2018 (https://www.un-
aids.org/en/regionscountries/countries/islamicrepublicofiran; ac-
cessed April 2021)

Smoking Atlas, 3rd edition: cigarette use in men 24.0%, in women
1.9%

Index tests Cough more than 2 weeks

Target condition and reference standard(s) Bacteriological tests: 2 samples for ZN smear microscopy on all
patients, culture only if one smear was positive

Incorporation: 100% received a bacteriological reference standard
as above

Case definition: bacteriologically positive TB case (1 positive spu-
tum smear AND 1 positive culture) OR at least 2 positive sputum
smears

The percentage of true (confirmed) TB cases without signs of
active disease at the time of screening is not clear. 3 SSM+ had
cough. 3 SSM+ had weight loss. Not clear if those are the same per-
sons.

Flow and timing Differential verification: smear-positives received culture; of
smear-negatives only 10%

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Moosazadeh 2015  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

No    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Moosazadeh 2015  (Continued)
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Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage strati-
fied cluster sampling using PPS of 100 clusters of 700 participants
on average, stratified by urban vs rural. 5 clusters were replaced
for reasons of inaccessibility. Of 71,877 eligible residents, 60,683
(84.4%) participated.

Resident definition: registered in the living administrative unit for
at least 2 weeks before the census.

Patient characteristics and setting General population 15 years and older, in Democratic People's Re-
public of Korea, a LIC, enrolled in 2015 to 2016

TB prevalence (bacteriologically confirmed, year/survey)
641/100,000 population, incidence (2018): 513/100,000

Median age between 40 and 44 years

55.5% female

Information on HIV not provided, as there have been no HIV cases
detected in the last decade

Smoking: 12.7% of survey participants

2.4% of participants reported previous TB treatment

Index tests Symptom screen: cough for ≥ 15 days and/or haemoptysis

Chest X-ray (conventional) any pulmonary abnormality; abnormal
chest radiograph in the lung field or mediastinum other than a sin-
gle small calcification nodule with a size less than 10 mm or pleur-
al adhesion at cost-phrenic angle(s)

Combination of cough for ≥ 15 days and/or haemoptysis or CXR
abnormality as above or both

Target condition and reference standard(s) Bacteriological tests: 2 samples for FM microscopy and LJ culture

Incorporation: 7.6% received a reference standard. By design, par-
ticipants with cough for ≥ 15 days and/or haemoptysis or a CXR
abnormality or both were eligible for sputum examination. Partic-
ipants not eligible for sputum or without a sputum result were as-
sumed not to have TB.

Case definition: bacteriologically positive TB case includes M tu-
berculosis confirmed by culture (positive or scanty); smear-posi-
tive culture negative as judged by the survey expert committee.

Flow and timing A total of 4802 people were eligible for sputum examination, of
whom 4462 (92.5%) submitted at least 1 sputum specimen and
4412 (93%) submitted 2 sputum specimens. At least 1 culture re-
sult available 4586 (95.5%). This is quite high, so low risk of bias.

Comparative  

Notes On other symptom questions (cough, sputum, haemoptysis,
breathless, fever, no appetite, ineffectualness, night sweating,
weight loss) 2 x 2 data were not available

MoPH DPRK 2017 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

MoPH DPRK 2017  (Continued)
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DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

MoPH DPRK 2017  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional nationwide prevalence survey, except metropolitan
Bangkok. Multi-stage stratified cluster sampling using PPS of 83 clus-
ters of 900 participants on average, stratified by urban vs rural.

Of 78,839 eligible residents, 62,536 (79%) participated.

Resident definition: permanent residents according to household reg-
istration, or temporary residents or nonresidents who had slept in the
household for at least 2 weeks prior to the census.

The exclusion of Bangkok affects the national prevalence estimate,
but does not necessarily imply bias or inappropriate exclusion for the
purpose of accuracy of the screening tools.

MoPH Thailand 2017 
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Patient characteristics and setting General population 15 years and older, in Thailand, a UMIC, enrolled in
2012 to 2013

TB prevalence (bacteriologically confirmed, year/survey) 242/100,000
population, incidence (2015): 172/100,000

Median age approximately 45 years

56.5% female

HIV prevalence in the general population aged 15 to 49 years was 1.2%
(UNAIDS http://aidsinfo.unaids.org/; accessed April 2017)

Smoking and previous TB treatment not reported

Smoking in 2012: 42.3% in males and 2.4% in females 15+ years
(https://apps.who.int/gho/data/node.main.65; accessed 14 May 2020)

Index tests Symptom screens:

- Cough of any duration

- Cough greater than or equal to 2 weeks

In the survey a scoring system was used: total score ≥ out of cough ≥ 2
weeks (3 points), haemoptysis over the past month (3 points), cough
< 2 weeks (2 points), weight loss in the past month (1 point), fever ≥ 1
week in the past 2 weeks (1 point), night sweats in the past month (1
point)

CXR: any lung abnormality

Combination as used in the survey: clinical score greater than or equal
to 3 OR clinical score = 1 & CXR exempt OR abnormal CXR (any pul-
monary abnormality)

This combination was specific for the survey and may be different
from a public health screening programme

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for ZN microscopy and Ogawa
culture

Incorporation: 9.3% received a reference standard. By design, par-
ticipants not eligible for sputum or without a sputum result were as-
sumed not to have TB.

Case definition: definite: MTB confirmed by culture; probable: MTB
not confirmed by culture, but at least 1 smear-positive with chest X-
ray suggestive of TB, or 2 smear-positive, or 1 smear-positive and con-
firmed as TB cases by referral health facilities. There are 12 (8.4%)
probable cases.

Flow and timing Of 6050 eligible to give sputum, 5988 did and 5821 (96.2%) had at least
1 sputum result available

Comparative  

Notes  

Methodological quality

MoPH Thailand 2017  (Continued)
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Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

MoPH Thailand 2017  (Continued)
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Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacte-
riological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

No    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

MoPH Thailand 2017  (Continued)

 
 

Study characteristics

Patient Sampling All Jewish Ethiopian immigrants to Israel were screened for PTB
in Addis Ababa since June 2001, 2 to 3 weeks before air-travel. All
non-pregnant immigrants older than 1 year have a CXR. Each im-
migrant also completes a symptoms questionnaire (screened im-
migrants were asked to respond whether they suffered from pro-
longed cough, lasting 3 weeks, haemoptysis, chest pain, fever (38
°C), night sweats, and weight loss), and underwent physical exam-
ination and a one-step tuberculin skin test (TST)

Patient characteristics and setting Jewish Ethiopian immigrants to Israel, screened in Ethiopia (n =
13,379)

Age from 1 year and older, mean age and gender distribution not
provider for population (only for TB cases: mean 34 (SD 25) years

53% female

Mor 2012 
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TB prevalence in study population 321 per 100,000

HIV prevalence: not exactly reported, but approximately 2%

Smoking not reported for study population; in Ethiopia, 2000:
prevalence of smoking among persons 15+: 9.0% in males, 0.6% in
females

Index tests CXR (postero-anterior); all films are read by the radiography de-
partment in Carmel Hospital in Haifa, Israel, for CXR showing
changes suggestive of PTB

Target condition and reference standard(s) Bacteriological tests and incorporation: 3 samples for LJ and ZN
requested from individuals who had previously been treated for
tuberculosis, have a positive response in the symptoms question-
naire, and those whose CXR shows changes suggestive of PTB, re-
sulting in 1.1% of participants being examined by bacteriological
tests. Others are assumed not to have TB.

Case definition: active PTB: symptomatic patient with pulmonary
disease and confirmed MTB complex culture.

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (Symptom questions)

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Mor 2012  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Unclear    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Mor 2012  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional study; all prison inmates during the study were in-
cluded and screened using both a TB screening questionnaire and
CXR

Patient characteristics and setting Prison inmates. Age criteria not provided, in Suratthani Province,
South Thailand, a UMIC, enrolled in 2015

TB prevalence (bacteriologically confirmed) 2096/100,000 popula-
tion, incidence: 172/100,000

Morasert 2018 
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Median age 32.9 years (SD 9.1)

15.3% female

HIV prevalence in study population 7.5%

Smoking: 70% of participants

% with previous TB treatment not reported

Index tests Symptom screens: score ≥ 3 points out of the prison screening
questionnaire composed of 8 questions. Scores were rated as fol-
lows: 3 points for any history of previous anti-tuberculosis treat-
ment, cough 72 weeks, haemoptysis in the past month or cervi-
cal lymphadenopathy 72 cm; 2 points for cough, 2 weeks; 1 point
for intermittent or persistent fever in the past month, weight loss,
5% of body weight in the past month or night sweats in the past
month; and 0 points for none of the above.

CXR: i) any abnormality (study category 1, 2, 3) and ii) abnormality
suggestive of TB (study category 2, 3)

Symptom and CXR combined: i) score ≥ 3 points or CXR any abnor-
mality or both, ii) score ≥ 3 points or abnormality suggestive of TB
or both

Target condition and reference standard(s) Bacteriological tests: 2 samples for ZN microscopy and Xpert MTB/
RIF

Incorporation: 17% received a reference standard. By design, par-
ticipants with CXR- and QS- had no bacteriological test and were
assumed not to have TB.

Case definition included definite cases and probable. Definite
case defined as sputum-positive on microscopy or Xpert. Probable
case: CXR consistent with active TB (Category 2 or 3) but in whom
the criteria for a definite case were not met, together with clinical
and CXR improvement after treatment.

23/84 = 27% of cases were probable. Definite cases include high
proportion with smear only.

Flow and timing High proportion of those eligible for sputum collection did not
have results. Of 25 transferred, no sputum collected. Of the 900
screening positives (QS+ and/or CXR+) 680 received AFB results
and 426 Xpert.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Morasert 2018  (Continued)
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

No    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

No    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Morasert 2018  (Continued)
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Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Morasert 2018  (Continued)

 
 

Study characteristics

Patient Sampling Mass screening campaign. Morishita 2017a includes the rural poor communities (n =
12,907), who voluntarily visited the mobile unit.

The entire ACF targeted 5 vulnerable populations including: 1) residents in rural poor com-
munities, 2) residents in urban poor communities, 3) prison inmates, 4) indigenous popu-
lation, and 5) high school students. Selection differs somewhat per population. In the tar-
geted prisons and high schools, all eligible persons were screened by the project. In rural
and urban poor communities and indigenous population, only those who voluntarily visit-
ed the mobile unit were screened.

Of 23 municipalities and one city in Palawan Province, 7 municipalities were selected
based on health access and the level of TB case detection, and classified as rural poor com-
munities. Additionally, of 66 barangays (the smallest administrative division) in Puerto
Princesa City, three barangays were selected based on the income levels in the official sta-
tistics, and classified as urban poor communities. The project also targeted 2 major indige-
nous populations, inmates from 6 prison facilities (2 jails and the national prison that has 4
sub-colonies located in Puerto Princesa City), and students from 8 high schools.

Patient characteristics and setting A rural poor population 15 years and older, Palawan Province and Puerto Princesa City,
Philippines, a LMIC, enrolled in 2012

TB prevalence (study) 2100/100,000 population, incidence: 522/100,000

Overall: median age 46.0 years (IQR 33 to 59)

62.4% female

Morishita 2017a 
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In 2015, the prevalence of HIV in the general population aged 15 to 49 years was < 0.1%
(UNAIDS http://aidsinfo.unaids.org/; accessed May 2017)

Smoking: 29.0% of survey participants

9.4% of participants reported previous TB treatment

Index tests Symptom screens:

The report is a retrospective review of the screening data, so in theory the symptom com-
binations could have been decided post-hoc. However, the extracted index tests that
(cough for 2 or more weeks, any TB symptoms) are so obvious, that bias is unlikely.

Symptom questions: cough (any duration), cough (2 or more weeks), fever, night sweats,
weight loss

Target condition and reference stan-
dard(s)

Bacteriological tests: 2 sputum samples for LED-FM microscopy and 1 for Xpert MTB/RIF

Persons were clinically assessed by the physician, mostly based on abnormal CXR findings,
and additionally on the presence of TB symptoms. TB suspects provided 2 spot sputum
specimens, for LED-FM microscopy and Xpert MTB/RIF testing.

Case definition: bacteriologically positive TB case a positive result by smear microscopy
and/or Xpert (MTB detected), or strong clinical evidence if tests were negative.

Incorporation: 16.1% received a reference standard by design, the screening physicians
selected persons who would get a reference test based on presence of CXR abnormalities,
and in addition clinical symptoms. Incorporation bias is likely considerable, as persons
with a normal CXR seem not likely to have been investigated with bacteriological tests.

10/284 (3.5%) of TB cases were bacteriologically negative, but diagnosed clinically.

Flow and timing Overall, for all populations: 1) the definition of who would be investigated with bacterio-
logical tests (= suspected TB) is unclear, so we cannot assess if people were leM out in any
systematic way; 2) CXR missing in 7?; 3) of n = 5225 with suspected TB, 4204 (81.4%) had
smear examination; 5165 (98.9%) had Xpert MTB/RIF

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Unclear risk  

Morishita 2017a  (Continued)
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Are there concerns that the includ-
ed patients and setting do not match
the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference stan-
dard likely to correctly classify the tar-
get condition?

No    

Were the bacteriological reference
standard results interpreted without
knowledge of the results of the index
test?

No    

Did the study design require all pa-
tients to receive a bacteriological refer-
ence standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Morishita 2017a  (Continued)
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Was there an appropriate interval be-
tween index test and reference stan-
dard?

Yes    

Did all patients who were supposed
to receive a bacteriological reference
standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacterio-
logical reference standard all receive
the same reference standard?

No    

Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Morishita 2017a  (Continued)

 
 

Study characteristics

Patient Sampling Mass screening campaign. Morishita 2017b includes the urban poor communities (n =
1625), who voluntarily visited the mobile unit.

The entire ACF targeted 5 vulnerable populations including: 1) residents in rural poor com-
munities, 2) residents in urban poor communities, 3) prison inmates, 4) indigenous popu-
lation, and 5) high school students. Selection differs somewhat per population. In the tar-
geted prisons and high schools, all eligible persons were screened by the project. In rural
and urban poor communities and indigenous population, only those who voluntarily visit-
ed the mobile unit were screened.

Of 23 municipalities and 1 city in Palawan Province, 7 municipalities were selected based
on health access and the level of TB case detection, and classified as rural poor communi-
ties. Additionally, of 66 barangays (the smallest administrative division) in Puerto Prince-
sa City, 3 barangays were selected based on the income levels in the official statistics, and
classified as urban poor communities. The project also targeted 2 major indigenous pop-
ulations, inmates from 6 prison facilities (2 jails and the national prison that has 4 sub-
colonies located in Puerto Princesa City), and students from 8 high schools.

Patient characteristics and setting A urban poor population 15 years and older, Palawan Province and Puerto Princesa City,
Philippines, a LMIC, enrolled in 2012

TB prevalence (study) 1800/100,000 population, incidence: 522/100,000

Overall: median age 40.0 years (IQR 26 to 52)

55.7% female

In 2015, the prevalence of HIV in the general population aged 15 to 49 years was < 0.1%
(UNAIDS http://aidsinfo.unaids.org/; accessed May 2017)

Smoking: 35.9% of survey participants

7.4% of participants reported previous TB treatment

Index tests Symptom screens:

Morishita 2017b 
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The report is a retrospective review of the screening data, so in theory the symptom com-
binations could have been decided post-hoc. However, the extracted index tests (cough for
2 or more weeks, any TB symptoms) are so obvious, that bias is unlikely.

Symptom questions: cough (any duration), cough (2 or more weeks), fever, night sweats,
weight loss

Target condition and reference stan-
dard(s)

Bacteriological tests: 2 sputum samples for LED-FM microscopy and 1 for Xpert MTB/RIF

Persons were clinically assessed by the physician, mostly based on abnormal CXR findings,
and additionally on the presence of TB symptoms. TB suspects provided 2 spot sputum
specimens, for LED-FM microscopy and Xpert MTB/RIF testing.

Case definition: bacteriologically positive TB case a positive result by smear microscopy
and/or Xpert (MTB detected), or strong clinical evidence if tests were negative.

Incorporation: 22.5% received a reference standard by design, the screening physicians
selected persons who would get a reference test based on presence of CXR abnormalities,
and in addition clinical symptoms. Incorporation bias is likely considerable, as persons
with a normal CXR seem not likely to have been investigated with bacteriological tests.

4/34 (12%) of TB cases were bacteriologically negative, but diagnosed clinically.

Flow and timing Overall, for all populations: 1) the definition of who would be investigated with bacterio-
logical tests (= suspected TB) is unclear, so we cannot assess if people were leM out in any
systematic way; 2) CXR missing in 7?; 3) of n = 5225 with suspected TB, 4204 (81.4%) had
smear examination; 5165 (98.9%) had Xpert MTB/RIF

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Unclear risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Yes    

Morishita 2017b  (Continued)
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If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference stan-
dard likely to correctly classify the tar-
get condition?

No    

Were the bacteriological reference
standard results interpreted without
knowledge of the results of the index
test?

No    

Did the study design require all pa-
tients to receive a bacteriological refer-
ence standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Yes    

Did all patients who were supposed
to receive a bacteriological reference
standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacterio-
logical reference standard all receive
the same reference standard?

No    

Morishita 2017b  (Continued)
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Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Morishita 2017b  (Continued)

 
 

Study characteristics

Patient Sampling Mass screening campaign. Morishita 2017c includes the prison inmates (n = 6133); all eligi-
ble persons were screened

The entire ACF targeted 5 vulnerable populations including: 1) residents in rural poor com-
munities, 2) residents in urban poor communities, 3) prison inmates, 4) indigenous popu-
lation, and 5) high school students. Selection differs somewhat per population. In the tar-
geted prisons and high schools, all eligible persons were screened by the project. In rural
and urban poor communities and indigenous population, only those who voluntarily visit-
ed the mobile unit were screened.

Of 23 municipalities and one city in Palawan Province, seven municipalities were select-
ed based on health access and the level of TB case detection, and classified as rural poor
communities. Additionally, of 66 barangays (the smallest administrative division) in Puer-
to Princesa City, 3 barangays were selected based on the income levels in the official sta-
tistics, and classified as urban poor communities. The project also targeted 2 major indige-
nous populations, inmates from 6 prison facilities (2 jails and the national prison that has 4
sub-colonies located in Puerto Princesa City), and students from 8 high schools.

Patient characteristics and setting Prison inmates 15 years and older, Palawan Province and Puerto Princesa City, Philippines,
n LMIC, enrolled in 2012

TB prevalence (study) 6000/100,000 population, incidence: 522/100,000

Overall: median age 41.0 years (IQR 33 to 49)

1.1% female

In 2015, the prevalence of HIV in the general population aged 15 to 49 years was < 0.1%
(UNAIDS http://aidsinfo.unaids.org/; accessed May 2017)

Smoking: 82.4% of survey participants

15.2% of participants reported previous TB treatment

Index tests Symptom screens:

The report is a retrospective review of the screening data, so in theory the symptom com-
binations could have been decided post-hoc. However, the extracted index tests (cough for
2 or more weeks, any TB symptoms) are so obvious, that bias is unlikely.

Symptom questions: cough (any duration), cough (2 or more weeks), fever, night sweats,
weight loss

Target condition and reference stan-
dard(s)

Bacteriological tests: 2 sputum samples for LED-FM microscopy and 1 for Xpert MTB/RIF

Persons were clinically assessed by the physician, mostly based on abnormal CXR findings,
and additionally on the presence of TB symptoms. TB suspects provided 2 spot sputum
specimens, for LED-FM microscopy and Xpert MTB/RIF testing.

Morishita 2017c 
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Case definition: bacteriologically positive TB case a positive result by smear microscopy
and/or Xpert (MTB detected), or strong clinical evidence if tests were negative.

Incorporation: 39% received a reference standard by design, the screening physicians se-
lected persons who would get a reference test based on presence of CXR abnormalities,
and in addition clinical symptoms. Incorporation bias is likely considerable, as persons
with a normal CXR seem not likely to have been investigated with bacteriological tests.

12/378 (3.2%) of TB cases were bacteriologically negative, but diagnosed clinically.

Flow and timing Overall, for all populations: 1) the definition of who would be investigated with bacterio-
logical tests (= suspected TB) is unclear, so we cannot assess if people were leM out in any
systematic way; 2) CXR missing in 7?; 3) of n = 5225 with suspected TB, 4204 (81.4%) had
smear examination; 5165 (98.9%) had Xpert MTB/RIF

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Low risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Morishita 2017c  (Continued)
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DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference stan-
dard likely to correctly classify the tar-
get condition?

No    

Were the bacteriological reference
standard results interpreted without
knowledge of the results of the index
test?

No    

Did the study design require all pa-
tients to receive a bacteriological refer-
ence standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Yes    

Did all patients who were supposed
to receive a bacteriological reference
standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacterio-
logical reference standard all receive
the same reference standard?

No    

Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Morishita 2017c  (Continued)
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Patient Sampling Mass screening campaign. Morishita 2017d includes the indigenous population (n = 2145)
who voluntarily visited the mobile unit.

The entire ACF targeted 5 vulnerable populations including: 1) residents in rural poor com-
munities, 2) residents in urban poor communities, 3) prison inmates, 4) indigenous popu-
lation, and 5) high school students. Selection differs somewhat per population. In the tar-
geted prisons and high schools, all eligible persons were screened by the project. In rural
and urban poor communities and indigenous population, only those who voluntarily visit-
ed the mobile unit were screened.

Of 23 municipalities and 1 city in Palawan Province, 7 municipalities were selected based
on health access and the level of TB case detection, and classified as rural poor communi-
ties. Additionally, of 66 barangays (the smallest administrative division) in Puerto Prince-
sa City, 3 barangays were selected based on the income levels in the official statistics, and
classified as urban poor communities. The project also targeted 2 major indigenous pop-
ulations, inmates from 6 prison facilities (2 jails and the national prison that has 4 sub-
colonies located in Puerto Princesa City), and students from 8 high schools.

Patient characteristics and setting Indigenous 15 years and older, Palawan Province, Philippines, n LMIC, enrolled in 2012

TB prevalence (study) 2900/100,000 population, incidence: 522/100,000

Overall: median age 44.0 years (IQR 32 to 58)

64.1% female

In 2015, the prevalence of HIV in the general population aged 15 to 49 years was < 0.1%
(UNAIDS http://aidsinfo.unaids.org/; accessed May 2017)

Smoking: 32.6% of survey participants

8.9% of participants reported previous TB treatment

Index tests Symptom screens:

The report is a retrospective review of the screening data, so in theory the symptom com-
binations could have been decided post-hoc. However, the extracted index tests (cough for
2 or more weeks, any TB symptoms) are so obvious, that bias is unlikely.

Symptom questions: cough (any duration), cough (2 or more weeks), fever, night sweats,
weight loss

Target condition and reference stan-
dard(s)

Bacteriological tests: 2 sputum samples for LED-FM microscopy and 1 for Xpert MTB/RIF

Persons were clinically assessed by the physician, mostly based on abnormal CXR findings,
and additionally on the presence of TB symptoms. TB suspects provided 2 spot sputum
specimens, for LED-FM microscopy and Xpert MTB/RIF testing.

Case definition: bacteriologically positive TB case a positive result by smear microscopy
and/or Xpert (MTB detected), or strong clinical evidence if tests were negative.

Incorporation: 15.1% received a reference standard by design, the screening physicians
selected persons who would get a reference test based on presence of CXR abnormalities,
and in addition clinical symptoms. Incorporation bias is likely considerable, as persons
with a normal CXR seem not likely to have been investigated with bacteriological tests.

None of the TB cases were bacteriologically negative, but diagnosed clinically.

Flow and timing Overall, for all populations: 1) the definition of who would be investigated with bacterio-
logical tests (= suspected TB) is unclear, so we cannot assess if people were leM out in any
systematic way; 2) CXR missing in 7?; 3) of n = 5225 with suspected TB, 4204 (81.4%) had
smear examination; 5165 (98.9%) had Xpert MTB/RIF

Morishita 2017d  (Continued)
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Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Unclear risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference stan-
dard likely to correctly classify the tar-
get condition?

No    

Were the bacteriological reference
standard results interpreted without
knowledge of the results of the index
test?

No    

Morishita 2017d  (Continued)
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Did the study design require all pa-
tients to receive a bacteriological refer-
ence standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Yes    

Did all patients who were supposed
to receive a bacteriological reference
standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacterio-
logical reference standard all receive
the same reference standard?

No    

Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Morishita 2017d  (Continued)

 
 

Study characteristics

Patient Sampling Mass screening campaign. Morishita 2017e includes the high school students (n = 2293);
all eligible persons were screened

The entire ACF targeted 5 vulnerable populations including: 1) residents in rural poor
communities, 2) residents in urban poor communities, 3) prison inmates, 4) indigenous
population, and 5) high school students. Selection differs somewhat per population. In
the targeted prisons and high schools, all eligible persons were screened by the project.
In rural and urban poor communities and indigenous population, only those who volun-
tarily visited the mobile unit were screened.

Of 23 municipalities and 1 city in Palawan Province, 7 municipalities were selected based
on health access and the level of TB case detection, and classified as rural poor communi-
ties. Additionally, of 66 barangays (the smallest administrative division) in Puerto Prince-
sa City, 3 barangays were selected based on the income levels in the official statistics, and

Morishita 2017e 
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classified as urban poor communities. The project also targeted 2 major indigenous pop-
ulations, inmates from 6 prison facilities (2 jails and the national prison that has 4 sub-
colonies located in Puerto Princesa City), and students from 8 high schools.

Patient characteristics and setting High school students, Palawan Province and Puerto Princesa City, Philippines, a LMIC, en-
rolled in 2012

TB prevalence (study) 200/100,000 population, incidence: 522/100,000

Overall: median age 16.0 years (IQR 15 to 16)

58.3% female.

In 2015, the prevalence of HIV in the general population aged 15 to 49 years was < 0.1%
(UNAIDS http://aidsinfo.unaids.org/; accessed May 2017)

Smoking: 13.2% of survey participants

1.1% of participants reported previous TB treatment

Index tests Symptom screens:

The report is a retrospective review of the screening data, so in theory the symptom com-
binations could have been decided post-hoc. However, the extracted index tests (cough
for 2 or more weeks, any TB symptoms) are so obvious, that bias is unlikely.

Symptom questions: cough (any duration), cough (2 or more weeks), fever, night sweats,
weight loss

Target condition and reference stan-
dard(s)

Bacteriological tests: 2 sputum samples for LED-FM microscopy and 1 for Xpert MTB/RIF

Persons were clinically assessed by the physician, mostly based on abnormal CXR find-
ings, and additionally on the presence of TB symptoms. TB suspects provided 2 spot spu-
tum specimens, for LED-FM microscopy and Xpert MTB/RIF testing.

Case definition: bacteriologically positive TB case a positive result by smear microscopy
and/or Xpert (MTB detected), or strong clinical evidence if tests were negative.

Incorporation: 3.1% received a reference standard by design, the screening physicians se-
lected persons who would get a reference test based on presence of CXR abnormalities,
and in addition clinical symptoms. Incorporation bias is likely considerable, as persons
with a normal CXR seem not likely to have been investigated with bacteriological tests.

None of the TB cases were bacteriologically negative, but diagnosed clinically.

Flow and timing Overall, for all populations: 1) the definition of who would be investigated with bacterio-
logical tests (= suspected TB) is unclear, so we cannot assess if people were leM out in any
systematic way; 2) CXR missing in 7?; 3) of n = 5225 with suspected TB, 4204 (81.4%) had
smear examination; 5165 (98.9%) had Xpert MTB/RIF

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Morishita 2017e  (Continued)

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

173

http://aidsinfo.unaids.org/


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Was a consecutive or random sample of
patients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have
introduced bias?

  Low risk  

Are there concerns that the included
patients and setting do not match the
review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

Yes    

If a threshold was used, was it pre-spec-
ified?

Yes    

Could the conduct or interpretation of
the index test have introduced bias?

  Low risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard
likely to correctly classify the target con-
dition?

No    

Were the bacteriological reference stan-
dard results interpreted without knowl-
edge of the results of the index test?

No    

Did the study design require all patients
to receive a bacteriological reference
standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Morishita 2017e  (Continued)
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Are there concerns that the target
condition as defined by the reference
standard does not match the ques-
tion?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval be-
tween index test and reference stan-
dard?

Yes    

Did all patients who were supposed to
receive a bacteriological reference stan-
dard (by design) actually have one, and
have a result?

No    

Did patients subjected to a bacteriolog-
ical reference standard all receive the
same reference standard?

No    

Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Morishita 2017e  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional design; household contacts of consecutive index bacterio-
logically confirmed TB cases

Inclusion of household contacts of 'certain patients diagnosed with TB'
who presented at the government health facility. The index patients are
consecutively enrolled, but for the household contacts this is unclear. In-
vestigators seem to have included every eligible participant consecutive-
ly; only 919 of 4297 eligible participants presented to the health facilities
and 54 people who did not get CXR (for unknown reasons) were further
discounted. Unclear whether the 865 people includable in the analyses are
representative of the 4297 eligible ones.

Patient characteristics and setting Household contacts of all ages, in Lusaka, Zambia, a LMIC, enrolled in 2013

TB prevalence not reported, incidence (2010): 361/100,000

Median age 15 years (IQR 6 to 31)

59.7% female

HIV prevalence 23.1% in study population subjected to CAD4TB; data on
symptom screens available for a subset with different HIV prevalences

Previous TB treatment information not provided

Prevalence of smoking among those 15+ in 2015: 26.5% in males, 4.6%
in females (unknown in 13 to 15 years) (https://apps.who.int/gho/da-
ta/node.main.65; accessed 14 May 2020)

Muyoyeta 2017 
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Index tests Symptom screening:

1) Any TB symptom of 4: cough any duration OR night sweats OR weight
loss OR fever

2) Cough equal to or more than 2 weeks

Computer-assisted reading of digital CXR (CAD4TB version 1.08). Set
threshold defining normal CXR (CAD less than 61) and abnormal CXR (CAD
score greater than or equal to 61).

Target condition and reference standard(s) Bacteriological tests: 1 sputum samples for Xpert if CXR positives, or 2
samples for FM microscopy (if CXR negatives)

Incorporation: 100% received a reference standard

Case definition: Xpert positive or LED fluorescent microscopy (FM) positive

Flow and timing CXR positives got Xpert, while CXR negatives got FM smear (differential
verification). Persons who did not submit a sputum were excluded from
the analysis (partial verification). For the index tests 1) any symptoms and
2) cough equal to or more than 2 weeks; only a subpopulation was used
based on HIV status.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Unclear

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Muyoyeta 2017  (Continued)
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Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to cor-
rectly classify the target condition?

No    

Were the bacteriological reference standard results in-
terpreted without knowledge of the results of the index
test?

No    

Did the study design require all patients to receive a
bacteriological reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients who were supposed to receive a bacte-
riological reference standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacteriological reference
standard all receive the same reference standard?

No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Muyoyeta 2017  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional study selecting all persons attending the diabetes
clinic of 1 hospital in New Delhi

Nair 2016a 
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Patient characteristics and setting Diabetes patients attending a tertiary care hospital, in New Delhi,
India, n LMIC, enrolled in 2014

TB prevalence 256/100,000 population, incidence: 211/100,000

Mean age 28.2 years (SD 11.2)

49.7% female

HIV prevalence not measured in study. In India HIV prevalence
among adults (15 to 49 years) was 0.2% (UNAIDS https://www.u-
naids.org/en/regionscountries/countries/india; accessed 14 April
2021)

Smoking: 0.7% of participants

15.2% of participants reported previous TB treatment

Index tests Symptom screening:

- Cough for more than 2 weeks

- Any symptom positive out of 4: cough > 2 weeks, fever, haemopt-
ysis, noticeable weight loss during past 6 months

CXR (digital) - TB abnormality: pre-defined by authors as: consoli-
dation, fibrocavitary disease and hilar lymphadenopathy

Target condition and reference standard(s) Bacteriological tests: 2 samples for LJ culture

Incorporation: 16.6% received a bacteriological reference stan-
dard; by design, participants without were assumed not to have
TB

Case definition - primary definition: at least 1x culture-positive +
evidence of active disease OR at least 2x culture-positive in sam-
ples collected at different time points

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Nair 2016a  (Continued)
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Nair 2016a  (Continued)
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Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Nair 2016a  (Continued)

 
 

Study characteristics

Patient Sampling Same as Nair 2016a

Patient characteristics and setting Same as Nair 2016a

Index tests Same as Nair 2016a

Target condition and reference standard(s) Bacteriological tests: 2 samples for LJ culture

Incorporation: 16.6% received a bacteriological reference stan-
dard. By design, participants without were assumed not to have
TB.

Case definition: alternative definition: at least 1x culture-positive
(collected during screening). Individual patient data were avail-
able for 25 patients who received a bacteriological reference stan-
dard. We re-analyzed this dataset so that only those with a sin-
gle culture-positive result would classify as active disease. Then
40% of TB cases are without signs of active disease at the time of
screening.

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Nair 2016b 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Nair 2016b  (Continued)
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Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Nair 2016b  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional study. Household contacts aged ≥ 5 years were enrolled of
80 consecutive, smear-positive index cases diagnosed between 1 Decem-
ber 2010 and 31 May 2011. Contacts were defined as those who lived in the
same house or plot as an index case and who also shared meals with the
index case.

Patient characteristics and setting Household contacts aged 5 years or older, in urban and rural districts of
Mbeya, Tanzania, recruited between 27 April and 7 June 2011 (n = 219)

Mean age 29.1 years (SD 17.6)

59.4% female

HIV prevalence not reported

Smoking information not provided. Prevalence of smoking among 15+ in
2012 in Tanzania: 29.2% in males, 4.0% in females (unknown in 13 to 15
years) (https://apps.who.int/gho/data/node.main.65; accessed 14 May
2020)

History of previous TB treatment reported by 2.7%

Prevalence of HIV among adults aged 15 to 49 years (%), 2010: 5.0 (4.3 to
5.7) (https://apps.who.int/gho/data/node.main.622?lang=en; accessed 14
May 2020)

Index tests 7 symptom questions were asked: cough, cough > 14 days, weight loss,
night sweats, chest pain, haemoptysis, fatigue, loss of appetite

The study reports on accuracy of different symptoms and combinations, of
which we use: any cough, cough > 14 days, 1 or more TB symptom out of 7,
and 2 or more TB symptoms

Target condition and reference standard(s) All 219 household contacts were invited to produce up to 2 sputum sam-
ples for testing with ZN microscopy, LJ and MGIT culture, and Xpert MTB/
RIF.

A participant was diagnosed with TB if at least 1 sputum sample test-
ed positive for M tuberculosis on solid (Löwenstein-Jensen) or liquid
(BACTEC™ MGIT 960) culture.

All 5 TB cases had at least 1 TB symptom.

Ntinginya 2012 
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Incorporation: although all were invited for sputum examination, only
15% was examined; unclear why so low.

Flow and timing Only 15% produced sputum. Not clear if non-producers were repeatedly
encouraged. 5 contacts unable to produce a sputum sample were referred
to the health service due to high suspicion of TB. 56 samples were collect-
ed of 33 persons, so some gave 1 sample only. Some samples could not be
split, so Xpert was done on the pellet rather than on direct sputum.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Unclear

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to cor-
rectly classify the target condition?

Yes    

Ntinginya 2012  (Continued)
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Were the bacteriological reference standard results in-
terpreted without knowledge of the results of the index
test?

Yes    

Did the study design require all patients to receive a
bacteriological reference standard?

Yes    

Incorporation bias avoided? Unclear    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients who were supposed to receive a bacte-
riological reference standard (by design) actually have
one, and have a result?

No    

Did patients subjected to a bacteriological reference
standard all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ntinginya 2012  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS. 125 clusters of 800 participants on av-
erage, stratified by urban vs rural. One cluster was replaced for se-
curity reasons. Resident definition: lived in the cluster for at least 2
weeks before the census.

Patient characteristics and setting National prevalence survey of the general population of 15 years
and older in Bangladesh, a LMIC, conducted in 2015 to 2016

TB prevalence (bacteriologically confirmed) 287/100,000 popula-
tion, incidence (2018): 221/100,000

The prevalence of HIV in the general population aged 15 to 49
years was < 0.1% (UNAIDS http://aidsinfo.unaids.org/; accessed
May 2017)

Median age between 25 and 34 years

NTP Bangladesh 2017 
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49% female

Smoking: 19.3% of survey participants

1.9% had a prior history of TB treatment

Index tests Symptom screen is scoring system: participants scored positive if
total score ≥ 3: cough greater than or equal to 2 weeks, haemopt-
ysis in last month scored 3 points; weight loss in last month, fever
greater than or equal to 1 week in last month, night sweats in past
month scored 1 point.

CXR (portable digital direct radiography): any pulmonary abnor-
mality (field reading)

Symptom score or CXR abnormality or both

The symptom screen and CXR determined if someone had to sub-
mit sputum so this may introduce bias, although with trained staK
this should be minimal

The symptom scoring and CXR algorithm was designed to screen
within this TB prevalence survey, and may be less applicable to a
public health screening programme

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for FM microscopy and LJ
culture; Xpert MTB/RIF on 1 sample

Incorporation: 20.7% received a reference standard; by design,
participants with symptom score below threshold or a CXR abnor-
mality or both were eligible for sputum examination Participants
not eligible for sputum or without a sputum result were assumed
not to have TB

Case definition of bacteriologically positive TB case: definite MTB
= confirmed by culture and/or Xpert

Flow and timing Of the 20,594 who were eligible to submit sputum 20,463 (99%)
submitted at least 1 specimen, 20,010 (97%) submitted 2 samples,
20,378 (99%) had at least 1 culture result available, and 20,425
(99%) at least 1 Xpert result available, which is very high, so low
risk

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

NTP Bangladesh 2017  (Continued)
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Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

NTP Bangladesh 2017  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

NTP Bangladesh 2017  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified cluster sam-
pling using PPS of 106 survey clusters in 4 strata – National Capital Region, re-
gions 3 and 4-A; rest of Luzon; Visayas; and Mindanao. The target cluster size
was 500 individuals.
A total of 89,663 individuals from 19,707 households were enumerated in the
survey census, of whom 61,466 (69%) were eligible and invited to participate.
Of these, 46,689 (76%) participated. A small number of clusters was replaced
because of security reasons, constituting low risk of bias.

Resident definition: lived in the household for at least 2 weeks prior to the cen-
sus.

Patient characteristics and setting General population 15 years and older, in the Philippines, a LMIC, enrolled in
2016

TB prevalence (bacteriologically confirmed, survey) 1159/100,000 population,
incidence (2014): 288/100,000

Median age between 35 and 44 years

55.3% female

HIV prevalence not provided. In 2015, the prevalence of HIV in the general pop-
ulation aged 15 to 49 years was < 0.1% (UNAIDS http://aidsinfo.unaids.org/; ac-
cessed May 2017)

Smoking: 39.7% of survey participants

NTP Philippines 2018 
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5.5% of participants reported previous TB treatment

Index tests Symptom screen: cough for ≥ 2 weeks and/or haemoptysis

CXR: direct digital mobile, field reading for any pulmonary abnormality (any
lung or mediastinum abnormality)

Symptom and/or CXR: cough for ≥ 2 weeks and/or haemoptysis, or any pul-
monary abnormality on field reading, or both

Target condition and reference standard(s) Bacteriological tests: 2 samples for direct FM microscopy (2 samples), cultured
on Ogawa medium (1) and Xpert MTB/RIF (1)

Incorporation: 38.8% received a reference standard. By design, participants
with cough of 2 or more weeks or a CXR abnormality or both were eligible for
sputum examination. Participants not eligible for sputum or without a sputum
result were assumed not to have TB.

Case definition: bacteriologically positive TB case constitutes definite MTB
confirmed by culture and/or Xpert.

The percentage of true (confirmed) TB cases who were asymptomatic, no in-
formation on CXR available/exempted 3.9%. A small percentage, of whom
some may in fact have had CXR abnormalities.

Flow and timing A total of 18,597 participants (40%) were eligible for sputum examination; of
these, 16,242 (87%) submitted at least 1 sputum specimen and 15,547 (84%)
submitted 2 sputum specimens. Sputum specimens from 16,200 (87%) partic-
ipants were tested with Xpert MTB/RIF. High-risk since there may be bias in in-
dex test false negatives if persons with mild TB were more unable to give spu-
tum.

Comparative  

Notes Questions on cough ≥ 2 weeks, haemoptysis, fever, weight loss, night sweats
were asked but data for 2 x 2 table not reported.

The presence of cough for 2 or more weeks determined whether someone
would give sputum. This may influence interviewers to err on the positive side.
We assumed that the study staK were well trained, so the symptom interview
should be objective enough to minimize bias. Similarly for CXR, and symp-
tom and/or CXR as a combined screen: an abnormal CXR determined eligibility
for sputum examination, but we assumed that due to survey procedures and
training the risk of bias is low; CXR threshold - not applicable: implicit thresh-
old.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    
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Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to
correctly classify the target condition?

Yes    

Were the bacteriological reference standard results
interpreted without knowledge of the results of the
index test?

Yes    
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Did the study design require all patients to receive
a bacteriological reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients who were supposed to receive a
bacteriological reference standard (by design) ac-
tually have one, and have a result?

No    

Did patients subjected to a bacteriological refer-
ence standard all receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

NTP Philippines 2018  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional design. 2 screening rounds are described. Data are
used from the first round.

Participant selection: all new inmates were eligible (95% of partic-
ipants, most likely consecutively enrolled); existing inmates from
3 blocks (5%) in the blocks (non-consecutive enrollment).

Patient characteristics and setting Prison inmates, 18 years and older, in Porto Alegre Central Prison,
Porto Alegre, capital of the state of Rio Grande do Sul, Brazil, a
UMIC, enrolled in 2014

TB prevalence 1898/100,000 population, incidence 33.5/100,000

Median age approximately 28 (79% were between 18 and 34 year)

0% female

HIV prevalence among participants 5.6%

Smoking among participants not reported. In Brazil, 2015,
prevalence of smoking any tobacco product among persons
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aged ≥ 15 years, males: 19.3% (https://apps.who.int/gho/da-
ta/node.main.65; accessed 15 May 2020)

5.2% of participants reported previous TB treatment

Index tests Symptom screening:

- Any cough vs no cough

- Cough more than 2 weeks vs 2 weeks or less (not clear how that
was asked)

CXR - conventional; abnormalities consistent with TB (suggestive
TB alterations)

Combination - cough (any duration) or CXR with suggestive TB al-
terations or both

Target condition and reference standard(s) Bacteriological tests: 1 sputum sample for FM microscopy and
Xpert MTB/RIF. Not clear when culture was done. If sample qual-
ity was poor, a new sample was collected from those still in the
prison. Samples with insufficient sputum were prioritized for Xpert
testing. Samples that were salivary or contained food particles
were subjected to microscopy.

Incorporation: 19.3% received a reference standard; participants
without were assumed not to have TB.

Case definition: confirmed patients were defined as those with at
least 1 positive result on any 1 of the laboratory tests (Xpert, smear
microscopy, or culture), except for those patients with a culture
result of non-tuberculous mycobacteria.

Flow and timing A large proportion of patients (close to 50%) who were eligible for
the reference standard, did not get the reference standard for un-
clear reasons

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Pelissari 2018  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

No    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Pelissari 2018  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling following WHO guidance in 95 clusters of 1400
participants on average. A few areas with high security concerns
were excluded (6.4% of population).

Of 131,1331 eligible residents, 15,915 (80.7%) participated

Resident definition: slept in the household

Patient characteristics and setting General population 15 years and older, in Pakistan, a LMIC, en-
rolled in 2010

TB prevalence 364/100,000 population, incidence: 231/100,000

Median age 30 years (IQR 21 to 45)

57.6% female

HIV prevalence not measured. In Pakistan the percentage of peo-
ple living with HIV among adults (15 to 49 years) was 0.1% in 2018
(https://www.unaids.org/en/regionscountries/countries/pakistan;
accessed 14 April 2021)

Smoking and history of previous TB treatment not reported

In Pakistan, 2010, prevalence of smoking any tobacco prod-
uct among persons aged ≥ 15 years, males 40.2%; females 4.2%
(https://apps.who.int/gho/data/node.main.65; accessed 15 May
2020)

Index tests Symptom screen: cough for 2 or more weeks

CXR any pulmonary abnormality (field reading)
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Parallel: cough for 2 or more weeks or CXR pulmonary abnormality
or both

Target condition and reference standard(s) Bacteriological tests: 3 sputum samples for ZN microscopy (SS)
and 1 for modified Kudoh (solid) culture (C); if culture results were
not available, but at least 1 smear was positive, a NAAT was per-
formed on scraped smear material.

Incorporation: 8.4% received a reference standard. By design, par-
ticipants with cough of 2 or more weeks or a CXR abnormality or
both were eligible for sputum examination. Participants not eligi-
ble for sputum or without a sputum result were assumed not to
have TB.

Case definition: SS+: C+ 5+ colonies; C+< 5 col & (SS+ or abnormal
CXR); NAAT+ and SS+ / SS-: C+ 5+ colonies; C+< 5 col & (SS+ or ab-
normal CXR)

2 x 2 data is only available in publication for 207 definite smear-
positive TB cases. Additional information for 341 bacteriologically
positive cases received from authors.

Flow and timing 81% of eligible persons submitted at least one sputum smear
specimen, and 73% one culture examined

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Qadeer 2016  (Continued)

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

194



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    
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Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Qadeer 2016  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS of 70 clusters of 580 participants on
average, stratified by urban vs rural.

Of 45,293 eligible residents, 41,154 (91%) participated.

Resident definition: permanent residents who stayed at least 1
night in the household in the past 2 weeks; temporary visitors who
arrived at least 2 weeks before census day.

Patient characteristics and setting General population 15 years and older, in Uganda, a LIC, enrolled
in 2014 to 2015

TB prevalence (bacteriologically confirmed, year/survey)
401/100,000 population, incidence (2008): 311/100,000

36% were between 15 and 24 years, 62% were between 15 and 34
years; median around 30 years

57.5% female

HIV prevalence in the general population aged 15 to 49 years in
2014 was 7.1% (UNAIDS http://aidsinfo.unaids.org/; accessed April
2017)

Smoking: 7.3% of survey participants

2.0% of participants reported previous TB treatment

Index tests Symptom screens:

- Cough of any duration

- Cough of 2 weeks or longer

CXR: conventional portable; field reading: abnormal lung fields
(non-pulmonary abnormalities are excluded)

Cough of 2 weeks or longer or CXR abnormal lung fields or both
(this survey symptom screen defined qualification for sputum col-
lection)

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for direct ZN microscopy
and concentrated LJ culture; Xpert MTB/RIF done on smear-posi-
tive specimens and/or if both samples were culture contaminated

Incorporation: 11.6% received a reference standard. By design,
participants with cough of 2 or more weeks or a CXR abnormality
or both were eligible for sputum examination. Participants not eli-
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gible for sputum or without a sputum result were assumed not to
have TB.

Case definition of bacteriologically positive TB case: definite: MTB
confirmed by culture and/or Xpert and smear-positive or MTB con-
firmed by culture and/or Xpert with chest X-ray consistent with TB.

Flow and timing 5142 participants (13%) were eligible for sputum examination, of
whom 4844 (94%) submitted at least 1 sputum specimen and 4532
(88%) submitted 2 sputum specimens. 4758 had at least 1 culture
result = 93% of those eligible for sputum, which is a high percent-
age so low risk of bias.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Republic of Uganda 2018  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  
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Study characteristics

Patient Sampling Cross-sectional nationwide prevalence survey. Multi-stage stratified
cluster sampling using PPS of 75 clusters of 600 participants on av-
erage, stratified by urban vs rural; 2 clusters were replaced for logis-
tical reasons.

Of 43,478 eligible residents, 33,736(78%) participated.

Resident definition: permanent residents who had slept at least 1
night out of the last 14 days at the time of census; non-residents
who had slept in the household for 14 days or more before the time
of the census.

Patient characteristics and setting General population 15 years and older, in Zimbabwe, a LMIC, en-
rolled in 2014

TB prevalence (bacteriologically confirmed, year/survey)
344/100,000 population, incidence (2013): 552/100,000

Median age: 55% were between 15 and 34 years

57.9% female

HIV prevalence in the population aged 15 to 49 years: 15% (UNAIDS
http://aidsinfo.unaids.org/; accessed April 2017)

Smoking: among persons with presumptive TB, 32.9% of males
were smokers and 14.6% were ex-smokers while only 1.3% of
females were smokers. Prevalence of current tobacco smoking
among persons aged 15 years and older, 2016, both sexes: 16.2%
(https://apps.who.int/gho/data/view.main.GSWCAH20v; accessed
14 May 2020).

4.1% of participants reported previous TB treatment

Index tests Symptom screen:

- Any 1 of the following 3 symptoms: cough of any duration,
haemoptysis in the past 12 months, drenching night sweats (used in
survey)

- Cough for 2 or more weeks

- Cough of any duration

CXR (direct digital): any lung abnormality (field reading)

Combination: any 1 of the 3 TB symptoms or CXR pulmonary abnor-
mality or both

The symptom and CXR algorithm used to screen within this TB
prevalence survey was different from most similar surveys, and may
be different from a public health screening programme

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for concentrated FM mi-
croscopy and culture on LJ and MGIT media; Xpert MTB/RIF on
smear-positive specimens

Incorporation: 16.9% received a reference standard; by design, par-
ticipants not eligible for sputum or without a sputum result were
assumed not to have TB

Republic of Zimbabwe 2015 
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Case definition: definite: MTB = confirmed by culture and/or Xpert

4/107 cases were symptom negative and CXR exempt

Flow and timing 98% of participants eligible for sputum examination provided at
least 1 specimen, 94% both specimens. 98% of participants had at
least 1 culture result available.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results interpret-
ed without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Yes    

Did all patients who were supposed to receive a bacteriologi-
cal reference standard (by design) actually have one, and have
a result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Republic of Zimbabwe 2015  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional national prevalence survey. Multi-stage stratified
cluster sampling using PPS of 73 clusters of 610 participants on

Rwanda MoH 2014 
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average, not stratified. Total participants: of 45,058 eligible, 4128
(96%) participated. Resident definition: lived in the household at
least 1 month prior to the interview.

Patient characteristics and setting General population 15 years and older, in Rwanda, a LIC, enrolled
in 2012

TB prevalence (bacteriologically confirmed, year/survey)
119/100,000 population, incidence (2012): 86/100,000

Median age between 25 and 34 years; 56.8% is below 34

58% female

The prevalence of HIV in the general population aged 15 to 49
years was estimated at 3.1% in 2012 (UNAIDS http://aidsinfo.un-
aids.org/; accessed April 2017). Among those eligible for sputum
examination 4.9% were HIV-positive.

Smoking: 12.9% of sub-study participants

1.3% of participants reported previous TB treatment

Index tests Cough of any duration; CXR for any lung abnormality (direct digi-
tal, field reading); combination of cough of any duration or CXR for
any lung abnormality or both. Of the other symptoms that were
asked about no 2 x 2 tables can be obtained.

Target condition and reference standard(s) Bacteriological tests: 2 samples for concentrated FM microscopy
and LJ culture

Incorporation: 10.6% received a reference standard. By design,
participants with cough of any duration, or any lung abnormality
on CXR or both were eligible for sputum examination. Participants
not eligible for sputum or without a sputum result were assumed
not to have TB.

Case definition: bacteriologically confirmed TB: definite (n = 35):
MTB confirmed by 2 cultures, or 1 culture and smear-positive, or
1 culture with chest X-ray suggestive of TB. Probable (n = 5): MTB
not confirmed by culture but 2 smear-positive specimens or 1
smear-positive with chest X-ray suggestive of TB.

Flow and timing A total of 4747 people were eligible for sputum examination, of
whom 4700 (99%) submitted at least 1 sputum specimen and 4412
(93%) submitted 2 sputum specimens. At least 1 culture result
available 4589 (97%). This is quite high, so low risk of bias.

Comparative  

Notes The symptom screening question and/or CXR reading determined
if someone would get a bacteriological test or not. Although this
could introduce bias, the risk is considered low assuming the
study staK were well trained.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Rwanda MoH 2014  (Continued)
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Rwanda MoH 2014  (Continued)
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Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Rwanda MoH 2014  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional study. All prisoners from 3 buildings (the men's
long-term detention building, the women's detention building,
and the infirmary inpatients ward) who signed the informed con-
sent were included.

Patient characteristics and setting Prison inmates, adults (minors were excluded) in Cote d'Ivoire,
Adidjan, a LMIC, enrolled in 2015

The study to estimate prevalence was done 16 years into the
screening programme, so persons may have been screened before

TB prevalence 6257/100,000 population, incidence 148/100,000

Median age 31 years (IQR 26 to 37)

6.6% female

HIV prevalence in study population 3.1%

Smoking: 55% of participants

5% of participants reported previous TB treatment

Seri 2017 
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Index tests Symptom screens

- Cough lasting for more than 2 weeks (on subset of n = 811)

- Any TB symptom positive out of 4 (cough lasting for more than 2
weeks, fever lasting for more than 2 weeks, recent loss of appetite,
chest pain)

CXR - abnormalities consistent with TB vs not consistent

Target condition and reference standard(s) Bacteriological tests: 2 sputum samples for FM microscopy and
1 culture (LJ and MGIT); 2nd sample cultured if 1) current cough
lasting more than 2 weeks, 2) abnormal chest X-ray images, 3) HIV
seropositivity, and/or 4) positive microscopy of the first sputum
sample

Incorporation: by design, all participants were supposed to have a
reference standard. 61% received a reference standard (see flow
and timing). Participants without results were assumed not to
have TB.

Case definition: confirmed = positive culture for MTB complex;
probable (positive microscopy with at least one AFB per field and
or CXR suggestive of TB) and possible cases are not considered as
cases in the 2 x 2 table

Of the TB cases 3/19 = 16% had no symptoms and unknown
whether they had CXR abnormalities

Flow and timing 40% did not have culture results (see Figure 1). Patients with cer-
tain symptom or CXR criteria had 2 samples cultured, increasing
the chance of being TB-confirmed; others had only 1 sample cul-
tured.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Seri 2017  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Seri 2017  (Continued)
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Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Seri 2017  (Continued)

 
 

Study characteristics

Patient Sampling Contact tracing: a total of 508 open index cases and their 1792
household contacts were enrolled in a cohort study, from vari-
ous Directly Observed Treatment Short-course (DOTS) centres
of South Delhi region. Of these, only 432 index cases and 1608
(89.7%) contacts were included in the study, while the remaining
were excluded either if the address of the index case was wrong or
the address of the household contact was wrong.

Patient characteristics and setting Household contacts of TB cases, recruited between May 2007 to
May 2009 in South Delhi, India (n = 1608)

No age restriction, 81% were older than 12 years; mean age 26.5
years (SD 15.9)

46.1% females

HIV prevalence not reported

Smoking not reported; Tobacco Atlas 1st ed 2002: 16.0% among
adults

History of previous TB treatment reported by 0.8%

National HIV prevalence in India is estimated at 0.3% in 2008
(http://naco.gov.in/sites/default/files/Technical%20Report%20In-
dia%20HIV%20Estimates%202010.pdf; accessed 16 May 2020)

Index tests Symptom questions asked: fever, cough, anorexia, breathlessness,
weight loss, night sweats, fatigue, chest pain

Definition of screens not provided, inadequate method of report-
ing

Cough of any duration of relevance to this review

Target condition and reference standard(s) Bacteriological test and incorporation: all participants were ex-
pected to provide 2 sputum samples for examination by ZN mi-
croscopy, 1 LJ and 1 MGIT 960 culture

Case definition: culture-positive sample on MGIT 960, detected at
the time of recruitment

Flow and timing 25% did not give sputum; unclear if all persons who gave sputum
had 1 or 2 samples tested

Comparative  
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Singh 2013  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Singh 2013  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional study in a prison; random enrollment of a sample of
offenders who had been incarcerated for at least 6 months ("current-
ly incarcerated") and a consecutive sample of "newly sentenced" of-
fenders. Individuals with an expected stay of less than 3 months in the
study facility were excluded to ensure follow-up of medical records.

Patient characteristics and setting Male prison inmates in Johannesburg, South Africa, enrolled between
Sept 2009 and Oct 2010

Adults; median age 32 (IQR 27 to 37)

TB incidence in South Africa in 2010: 981/100,000

In full study 25% HIV-positive, but data extracted from HIV-negative in-
mates only, in whom TB prevalence was 2800/100,000

Current smoking 57.9%

History of previous TB 12.8%

Some may have been screened before, with inconsistent methods

Index tests Symptom questions asked: current cough and duration, fever, night
sweats, or unintentional weight loss

Symptom index tests:

- Cough 2 or more weeks

- Any 1 of cough 2 or more weeks, night sweats, or unintentional
weight loss

- WHO screening tool for PLHIV: any of current cough, fever, weight
loss, or night sweats

Telisinghe 2014 
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CXR type not stated, assessed by 2 readers using a standardized tool.
Index tests:

- CXR suggestive of TB

- Any CXR abnormality

- Combination of WHO 4 symptom tool for PLHIV or CXR suggestive of
TB

Authors also report on:

Cough > 2 weeks or CXR suggestive of TB

Any cough or CXR suggestive of TB

Symptom combination (any of cough 2 or more weeks, night sweats or
unintentional weight loss) or CXR suggestive of TB

Target condition and reference standard(s) All participants provided 2 spot sputum specimens for FM smear mi-
croscopy and liquid mycobacterial culture (MGIT), speciation with the
GenoType Mycobacterium CM kit.

Case definition includes definite or probable. Definite cases were spu-
tum culture-positive for M tuberculosis with compatible clinical or ra-
diological features (as assessed by one or both readers), or addition-
al microbiological confirmation (any grade of smear or further posi-
tive culture). Probable cases were those with one culture positive for
M tuberculosis without compatible clinical or radiological features or
smear-positive grade 1+ or more, with or without compatible clinical
or radiological features (as assessed by one or both readers).

100% had culture

2/19 had 1 positive culture without symptoms or CXR abnormality

Flow and timing Of all consenting participants (HIV+ and HIV-) 3 of 981 consenting par-
ticipants were excluded because of missing sputum culture at enrol-
ment, 39 "possible tb cases were excluded, 62 with missing CXR at
enrolment and 21 with missing urine HIV test results were excluded;
125/981 = 12.7%, which could have introduced bias.

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Telisinghe 2014  (Continued)
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Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    High

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly
classify the target condition?

Yes    

Were the bacteriological reference standard results inter-
preted without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacte-
riological reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Telisinghe 2014  (Continued)
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Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Yes    

Did all patients who were supposed to receive a bacterio-
logical reference standard (by design) actually have one,
and have a result?

Yes    

Did patients subjected to a bacteriological reference stan-
dard all receive the same reference standard?

Unclear    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Telisinghe 2014  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional regional prevalence survey. In 40 clusters, ran-
domly sampled out of 105, all persons of 15 years and older were
eligible; 91% participated. Of 19,216 CXRs with field reading, 1143
were selected for assessment by expert readers through stratified
sampling: among CXRs of participants without TB 1031 were ran-
domly selected; all CXRs of 123 persons identified with bacterio-
logically confirmed prevalent TB were eligible, and 112 (91%) were
retrieved.

Patient characteristics and setting Same as van't Hoog 2012:

General rural population (n = 20,566)

15 years and older; median age 35 years

63% females

TB prevalence 600 per 100,000

HIV prevalence 16.8%

History of previous TB treatment: 2.1%

Smoking: 10.4%

Index tests Abnormality consistent with TB and any abnormality by radiolo-
gist or pulmonologist (data are used of expert reader #1)

Target condition and reference standard(s) Same as van't Hoog 2012:

Bacteriological test: 2 sputum samples requested of all partici-
pants for FM smear microscopy

van't Hoog 2011 
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Incorporation: persons with symptoms (presence of cough > 7
days, and/or haemoptysis of any duration and/or 2 out of 3 of:
fever >7 days, night sweats for >7 days, or weight loss) and/or any
CXR abnormality were eligible for culture of 1 sputum sample on
solid (LJ) and liquid (MGIT) medium, 32.3% of total. Missing and
contaminated results are considered TB-negative.

Case definition: 1 positive culture or 2 positive smears (unless
MOTT) or 1 positive smear and CXR TB-abnormality)

Flow and timing See van't Hoog 2012

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

van't Hoog 2011  (Continued)
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Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

van't Hoog 2011  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional regional prevalence survey. In 40 clusters, ran-
domly sampled out of 105, all persons of 15 years and older were
eligible; 91% participated.

Patient characteristics and setting General rural population (n = 20,566)

15 years and older; median age 35 years

63% females

TB prevalence 600 per 100,000

HIV prevalence 16.8%

History of previous TB treatment: 2.1%

Smoking: 10.4%

Index tests Symptom questions (cough, haemoptysis, weight loss, fever, night
sweats, and duration) and conventional CXR requested of all par-
ticipants. CXRs field read by clinical officers for any abnormality.

van't Hoog 2012 
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Questionnaire was administered, using handheld computers, with
questions on the presence and duration of symptoms that are
possibly suggestive of TB (cough, haemoptysis, weight loss, fever,
night sweats). Duration of cough less than 2 weeks was recorded
in days, and of 2 weeks and longer in weeks. Symptoms qualify-
ing as a positive symptom screen were the presence of cough for
more than 7 days, and/or haemoptysis of any duration and/or 2
out of 3 of the following symptoms: fever for 7 days, night sweats
for 7 days, or weight loss resulting in a changed fit of clothes.

Cough of any duration

Cough for 2 or more weeks

Any symptom of any duration or severity out of 5

CXR any abnormality

CXR abnormalities suggestive of TB

Cough for 2 or more weeks or any CXR abnormality

Target condition and reference standard(s) Bacteriological test: 2 sputum samples requested of all partici-
pants for FM smear microscopy.

Incorporation: persons with symptoms (presence of cough > 7
days, and/or haemoptysis of any duration and/or 2 out of 3 of:
fever >7 days, night sweats for >7 days, or weight loss) and/or any
CXR abnormality were eligible for culture of 1 sputum sample on
solid (LJ) and liquid (MGIT) medium, 32.3% of total. Missing and
contaminated results are considered TB-negative.

Case definition: 1 positive culture or 2 positive smears (unless
MOTT) or 1 positive smear and CXR TB-abnormality).

Flow and timing Of all participants, 99% submitted 1 smear sample, 96% 2 smear
samples. n = 7342 were eligible for solid culture (LJ) on 1 sample,
6646 (91%) had a culture result

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

van't Hoog 2012  (Continued)

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

215



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

van't Hoog 2012  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

No    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

van't Hoog 2012  (Continued)

 
 

Study characteristics

Patient Sampling Cross-sectional - population-based TB prevalence survey. Strati-
fied multi-stage random sampling was used to select the 35 clus-
ters within 17 prefectures, targeting residents of 15 years old
or above who had lived in the selected clusters for more than 6
months. Military barracks and prisons located in the cluster were
excluded.

Patient characteristics and setting General population in Shandong province, China, of 15 years and
older, urban and rural; recruited in 2010 (n = 54,268)

Mean age 46 years

53% female

HIV prevalence not reported for study population, but from other
sources < 0.01%

Smoking among TB suspects 31%

History of previous TB: not reported

Index tests Persistent cough (lasting 2 weeks or longer)

NB patients were asked about symptoms suggestive of TB, such as
persistent cough (lasting 2 weeks or longer), haemoptysis, weight
loss and fever. Accuracy data are reported on persistent cough on-
ly.

CXR type not reported. Classified as abnormalities consistent with
TB vs not consistent (defined as any abnormal shadow in the lung
field and mediastinum, or pleural effusion except pleural thick-
ness or small single calcification).

Target condition and reference standard(s) 1.1% received the reference standard by design, classified as TB
suspects; non-suspects are assumed not to have TB

Wei 2014 

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

217



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Bacteriological test: 3 sputum samples for ZN microscopy and 2
for LJ culture were requested

Case definition: those with positive smear or culture sputum spec-
imens were classified as sputum bacteriologically confirmed cases

Flow and timing 9684 (98.6%) out of 9825 eligible for sputum examination and at
least 1 culture available (see WHO country profile flow diagram),
which is very high. Information about how many had 1, 2 or 3 sam-
ples tested is unclear.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Wei 2014  (Continued)
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DOMAIN 2: Index Test (Combination of Symptoms and CXR)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

No    

Incorporation bias avoided? No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Wei 2014  (Continued)
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Patient Sampling Cross-sectional regional prevalence survey. Simple random sam-
pling from census sampling frame. Of 971 adults permanently re-
siding on the identified plots, 762 (78%) consented to participate.

Patient characteristics and setting General population of 5 years and older of an urban high-density
residential area in South Africa (n = 1150) in 2005

Median age 27 years

Gender distribution not provided

HIV prevalence in study population 23%

Smoking 27%

History of previous TB treatment: 8%

Index tests Cough of any duration

NB TB symptoms asked for: cough, loss of appetite, weight loss,
and night sweats. Study also reports on 2 or more symptoms, any
TB symptom, of which only the sensitivity is available.

Target condition and reference standard(s) Bacteriological test: 2 sputum samples requested and examined
with FM microscopy and liquid culture (MGIT)

Incorporation: 99.5% provided sample(s)

Case definition: 2 positive smears or 2 positive cultures

67% of cases were asymptomatic

Flow and timing 99.5% provided sample(s)

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (Symptom questions)

Wood 2007  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (Chest radiography)

DOMAIN 2: Index Test (Combination of Symptoms and CXR)

DOMAIN 3: Reference Standard

Is the bacteriological reference standard likely to correctly clas-
sify the target condition?

Yes    

Were the bacteriological reference standard results interpreted
without knowledge of the results of the index test?

Yes    

Did the study design require all patients to receive a bacterio-
logical reference standard?

Yes    

Incorporation bias avoided? Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Were there among the true (confirmed) TB cases, persons who only had one positive smear or culture and no signs of active
disease?

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients who were supposed to receive a bacteriological
reference standard (by design) actually have one, and have a
result?

Yes    

Did patients subjected to a bacteriological reference standard
all receive the same reference standard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Wood 2007  (Continued)

ACF: active case finding
AFB: acid fast bacilli
CXR: chest radiography
CAD: computer assisted reading of digital radiographs
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DR: digital radiography
FM: fluorescence microscopy
HIV: human immunodeficiency virus
IQR: interquartile range
LIC: low-income country
LJ: Löwenstein-Jensen
LMIC: lower middle-income country
MGIT: mycobacterial growth inhibitor tubes
MMR: mass miniature radiography
MOTT: Mycobacterium other than tuberculosis
MTB: Mycobacterium tuberculosis
NTP: national tuberculosis (control) programme
NAAT: nucleic acid amplification test
PLHIV: people living with HIV
PPS: probability proportional to size
PTB: pulmonary tuberculosis
SD: standard deviation
SSM: sputum smear microscopy
TB: tuberculosis
TST: tuberculin skin test
UMIC: upper middle-income country
VCCT: voluntary confidential counselling and testing (centre)
ZN: Ziehl-Neelsen
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abboud 2013 Only agreement between readers is provided, no bacteriological results

Abebe 2011 Only prisoners with chronic cough were eligible, no further screen

Abubakar 2010 CXR reader agreement study

Aerts 2000 Only one screen applied and screen negatives are not further evaluated

Al 2013 Only one screen applied and screen negatives are not further evaluated

Alamo 2012 Population ineligible (children, HIV-infected or self-reported tuberculosis suspects only)

Alcântara 2012 Population ineligible (children, HIV-infected or self-reported tuberculosis suspects only)

Aldridge 2010 Only one screen applied and screen negatives are not further evaluated; cases in screen negatives
were identified through surveillance register linkage

Ali 2012 No info on screening tests

Alsedà 2003 No full text

Arenas 2008 Only one screen applied and screen negatives are not further evaluated

Arpaz 2003 Population ineligible (children, HIV-infected or self-reported tuberculosis suspects only); descrip-
tion of routine tuberculosis cases finding and treatment over time

Arzhaeva 2009 Development of a method (CAD)

Assefzadeh 2009 Only one screen applied and screen negatives are not further evaluated
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Study Reason for exclusion

Bai 2001 Only one screen applied and screen negatives are not further evaluated; Cohort study looking for
incident tuberculosis cases only

Balasangameshwara 1993 Population ineligible (children, HIV-infected or self-reported tuberculosis suspects only)

Balasubramanian 1995 Only one screen applied and screen negatives are not further evaluated

Balasubramanian 2004 Active tuberculosis cases not specified by symptom or CXR result

Banda 1998 Population ineligible. They are "tuberculosis suspects with short duration of cough" attending an
outpatient department of a large hospital. The tuberculosis prevalence among participants was
35% and 55% had HIV-related illness, suggesting a passive case detection population.

Banda 2009 Only one screen applied and screen negatives are not further evaluated

Banu 2010 Only one screen applied and screen negatives are not further evaluated

Basta 2005 Only one screen applied and screen negatives are not further evaluated

Basta 2006 Only one screen applied and screen negatives are not further evaluated

Bates 2013 Patients with a cough were selected for inclusion and 28% had tuberculosis, but no information on
symptoms is provided by bacteriology status

Becerra 2005 Only one screen applied and screen negatives are not further evaluated

Beser 1993 Only one screen applied and screen negatives are not further evaluated

Beyanga 2018 Not enough data for 2 x 2 table

Bhat 2009 Only one screen applied and screen negatives are not further evaluated

Bhatia 2002 Cohort study looking for incident tuberculosis cases only

Binkin 1996 Evaluation of a screening programme (not a screening tool)

Bjerregaard-Andersen 2010 Only one screen applied and screen negatives are not further evaluated

Bloss 2012 Only one screen applied and screen negatives are not further evaluated

Bonvin 1992 Only one screen applied and screen negatives are not further evaluated

BorgdorK 2000 No original data; analysis of reported survey data

Borra 2009 No cases of bacteriologically confirmed active tuberculosis identified; Population ineligible (chil-
dren, HIV-infected or self-reported tuberculosis suspects only)

Braden 1995 Only one screen applied and screen negatives are not further evaluated

Bucher 1994 Full text not available

Burgess 2001 Evaluation of CXR screening in a pre-selected symptomatic population (outside the scope of this
review)

Cain 2010 Population ineligible (children, HIV-infected or self-reported tuberculosis suspects only)
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Study Reason for exclusion

Callister 2002 Only one screen applied and screen negatives are not further evaluated

Carbonara 2005 No screening for symptoms and no sputum specimen

Castro 2011 Only one screen applied and screen negatives are not further evaluated; Population ineligible

Catanzaro 2013 Summary of conference on IGRA's; insufficient original data

Chadha 2012 Only one screen applied and screen negatives are not further evaluated; a subsample had symp-
tom and MMR screening, but SSM+ in persons with negative screen are not mentioned

Chakraborty 1995 Population examined by bacteriology, but no data on symptoms

Chan-Yeung 2007 Only one screen applied and screen negatives are not further evaluated

Chang 2010 No cases of bacteriologically confirmed active tuberculosis identified, TST investigation only

Chen 2011 No information on symptoms/CXR TB-negatives among the population

Chen 2012 Not enough information for a 2 x 2 table

Chen 2013 Population ineligible, review, no original data; paediatric tuberculosis

China 2004 Not enough data in report to fill a 2 x 2 table

Churchyard 1999 Only one screen applied and screen negatives are not further evaluated

Churchyard 2010 Data allow only calculation of sensitivity, not specificity

Claassens 2013 Only one screen applied and screen negatives are not further evaluated

Claassens 2013a Not enough information presented to fill a 2 x 2 table

Clarke 2003 Full text not available

Coelho 2011 Population ineligible

Corbett 2004 No data presented from which sensitivity and specificity of screening can be calculated

Costa 2010 CXR only in TST or IGRA positives

Costa 2011 Cohort study looking for incident tuberculosis cases only; unclear which patients received bacteri-
ological examination. Cases were probably extracted from records.

Costantino 2010 No cases of bacteriologically confirmed active tuberculosis identified; insufficient data; mostly
screening for Mtb infection

Crampin 2011 Only one screen applied and screen negatives are not further evaluated; case control study; symp-
toms/CXR data not reported

Cruz-Hervert 2012 Only one screen applied and screen negatives are not further evaluated

Cuevas 2011a Population ineligible

Cuevas 2011b Population ineligible
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Study Reason for exclusion

Dara 2013 Review

Datta 2001 Participants were screened with MMR

de Vries 2007 Only one screen applied and screen negatives are not further evaluated

Eckhoff 2000 Relevant data collected but not reported

Forman 2003 No reference test

Fox 2011 Conference abstract

Fox 2012a Conference abstract, insufficient data. Unclear from abstract whether all participants were exam-
ined with all methods (including smear).

Gopi 2003 Participants were screened with MMR

Gopi 2008a Does not contain original survey data

Gopi 2008b Duplicates Gopi 2003

Hamid 2012 Population ineligible. Patients attending a tertiary care hospital with cough.

Hanrahan 2013 The tuberculosis suspect definition was stratified by HIV status. For HIV-infected or unknown sta-
tus: cough, fever, night sweats, weight loss of any duration; for HIV-uninfected: cough or fever for
2 or more weeks, or night sweats or weight loss of any duration. These screening questions were
used to determine if the patients would be tested for tuberculosis. Only symptom positives re-
ceived a reference standard.

Henostroza 2016 A sampling procedure was applied that needs correction in order to create 2 x 2 tables. Authors re-
ply not received. The sampling fraction of CXRs differed for different index test classification cate-
gories: 1) all patients with CXRs deemed abnormal by the project clinical officer; 2) all persons with
normal CXRs who were diagnosed with TB (based on smear results, clinical criteria, and/or culture
confirmation); and 3) a random sample of inmates with normal CXRs and not diagnosed with TB.
After evaluating the number of CXRs in categories 1) and 2), we decided to select 80 CXRs from HIV-
positive and 80 from HIV-negative inmates in category 3) to strike a balance between feasibility to
conduct all CXR readings and ensuring that there were an adequate number of normal CXRs in the
sample.

Hoffmann 2013 Population ineligible. HIV-infected pregnant women who had tested HIV seropositive at a prior pre-
natal clinic visit.

Hong 1993 Only one screen applied and screen negatives are not further evaluated

Hong 1998 Only one screen applied and screen negatives are not further evaluated

Horie 2007 Not enough data on symptoms or CXR abnormalties on non-cases to fill 2x2 tables

Kim 2012 Population ineligible (HIV-infected only)

Leung 2005 Only one screen applied and screen negatives are not further evaluated

Mahomed 2013 In our earlier version of this review, we included studies with sputum smear-positive cases only and
discussed those separately. Such studies were excluded from this review as NAATs are now recom-
mended instead of sputum smear microscopy as the primary test to diagnose tuberculosis, and the
number of such studies was small.
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Study Reason for exclusion

Masur 2017 Studies evaluating CXR screening in a pre-selected symptomatic population were outside the
scope of this review and were excluded. And studies with sputum smear-positive cases were ex-
cluded from this review as NAATs are now recommended instead of sputum smear microscopy as
the primary test to diagnose tuberculosis, and the number of such studies was small.

Mathez 2007 Only one screen applied and screen negatives are not further evaluated

Mor 2013 Narrative review

Santha 2005 Population ineligible. Outpatients with cough for 2 or more weeks

Sebhatu 2007 In our earlier version of this review, we included studies with sputum smear-positive cases only and
discussed those separately. Such studies were excluded from this review as NAATs are now recom-
mended instead of sputum smear microscopy as the primary test to diagnose tuberculosis, and the
number of such studies was small.

Senkoro 2016 Discrepancy between different source documents in case definitions. Unable to construct 2 x 2 ta-
bles.

Tupasi 2000 Data about symptoms in those with abnormal CXRs. Outside the scope of this review

CXR: chest radiography
HIV: human immunodeficiency virus
Mtb: Mycobacterium tuberculosis
TB: tuberculosis
CAD: computer assisted reading of digital radiographs
IGRA: Interferon Gamma Release Assay
MMR: mass miniature radiography
SSM+: sputum smear microscopy positive
TST: tuberculin skin test
NAAT: Nucleic Acid Amplification Test
More information on excluded studies and their characteristics is available from the review authors.
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Patient Sampling Consecutive: all patients with a non-tuberculosis medical diagnosis who were admitted to the gen-
eral medical wards during a 3-month period

Patient characteristics and
setting

Inpatients of a large referral hospital in Ethiopia, admitted with a medical illness other than tuber-
culosis disease, in a general medical ward; 19% HIV-infected

Index tests Data on index tests cough of > 2 weeks duration and any tuberculosis symptom

Target condition and refer-
ence standard(s)

Bacteriologically confirmed pulmonary tuberculosis case: a patient whose submitted sputum sam-
ple was positive either by smear microscopy and/or Xpert MTB/RIF test, and diagnosed during the
study

Flow and timing 15 were not able to submit sputum and excluded from analysis

Comparative —

Notes The study objective is to assess if there are missed pulmonary tuberculosis cases among medical
inpatients. At least 2 concerns: the population is not representative for the study question: medical
inpatients, high HIV prevalence, the data are reported aggregately for HIV+ and HIV- patients. The

Assefa 2019 
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symptom screening was not systematic but extracted from retrospective chart review. N = 10 for
sensitivity and 290 for specificity.

Assefa 2019  (Continued)

 
 

Patient Sampling Consecutive: all contacts in a large prospective household contact (HHC) study were eligible. Con-
tacts were persons living ≥ 75% of the time in the same household as the index case and sharing
the same kitchen.

Patient characteristics and
setting

Household contacts of smear-positive tuberculosis cases. 40% below 15 years of age. Palamaner
Taluk, Andhra Pradesh, India.

Index tests CXR any abnormality and tuberculosis abnormality

Target condition and refer-
ence standard(s)

Subclinical tuberculosis defined by positive Mtb culture in sputum or gastric aspirate (subjects < 5
years) specimen. Of 29 cases 90% had no symptoms and no CXR abnormalities.

Flow and timing Adequate specimen for Mtb culture were harvested in 493 (93.9%) HHCs. Of these, 488 (99%) (and
all 38 children < 5 years) had 2 samples harvested on 2 consecutive days.

Comparative —

Notes The study objective is to evaluate a Tuberculosis Contact Score (TCS) and Infectivity Score in iden-
tifying subclinical tuberculosis. Concerns: representativeness of the population - household con-
tacts of whom 40% below 15 years of age. Also representativeness of the cases: 90% have no symp-
toms and no CXR abnormalities. The study provides data on N = 29 for sensitivity and n = 496 for
specificity.

Bekken 2020 

 
 

Patient Sampling —

Patient characteristics and setting National tuberculosis Prevalence Survey Ghana

Index tests —

Target condition and reference standard(s) —

Flow and timing —

Comparative —

Notes Already included in current meta-analysis based on Survey Report.
See reference 'Ghana NTP 2015'.

Bonsu 2020 

 
 

Patient Sampling Stratified random sampling proportional to size using a lottery method to select ANC clients. All
pregnant women qualifying for inclusion (18 to 49 years, providing consent and able to produce
sputum) were then consecutively enrolled until the required sample size was reached.

Hamda 2020 
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Patient characteristics and
setting

Pregnant women attending ANC in 7 health facilities in Greater Gaborone and Kweneng East dis-
tricts in Botswana. 17% HIV-infected.

Index tests Cough ≥ 2 weeks and any tuberculosis symptoms (cough, fever, night sweats, and weight loss) ≥ 2
weeks’ duration

Target condition and refer-
ence standard(s)

Two sputum samples (Spot 1 and 2) were collected; 1 was tested using Xpert MTB/RIF, the 2nd by
culture using MGIT. A tuberculosis case was defined based on a positive culture.

Flow and timing Of the 429 clients enrolled, 22 (5.1%) were excluded as their sputum samples did not fulfil speci-
men criteria or due to incomplete information or mismatched names, leaving 407 (94.9%) in the
analysis.

Comparative —

Notes The study objectives are to determine 1) the prevalence of tuberculosis (TB) and HIV-TB co-infec-
tion in pregnancy, and 2) the sensitivities of symptomatic tuberculosis screening and Xpert MTB/
RIF testing against gold standard culture. Concerns: the definition of any tuberculosis symptoms
is different from how it is used in the review, which is usually of any one symptom of any duration.
The risk of bias in domain 1 is unclear. N = 407 ANC women in the analysis, 2 had culture positive
for Mtb. 8 had symptoms, none of those had tuberculosis. Sensitivity of symptoms is 0/2 = 0%. For
specificity calculation n = 405.

Hamda 2020  (Continued)

 
 

Patient Sampling —

Patient characteristics and setting National tuberculosis Prevalence Survey Philippines 2016

Index tests —

Target condition and reference standard(s) —

Flow and timing —

Comparative —

Notes Already included in current meta-analysis based on Survey Report. See
reference 'NTP Philippines 2018'.

Lansang 2021 

 
 

Patient Sampling Study design in accordance with WHO guidance on tuberculosis prevalence surveys

Patient characteristics and
setting

Subnational Tuberculosis Prevalence Survey in The Tibet Autonomous Region of China

Index tests Persistent cough of 2 weeks’ duration or haemoptysis; CXR suggestive of tuberculosis

Target condition and refer-
ence standard(s)

Approximately 10% of the study population had a microbacteriological test as the reference stan-
dard. Those were expected to submit 3 sputum samples, 1 for smear, 2 for culture. Bacteriologically
confirmed tuberculosis cases were defined as those with positive smear (n = 24) or culture sputum
(n = 39) results. Other, bacteriologically-negative cases (n = 176) included those with abnormal CXR

Li 2019 
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suggestive of tuberculosis and those clinically diagnosed with tuberculosis by clinicians and radiol-
ogists after ruling out other diseases.

Flow and timing No report on % who did not give sputum despite eligibility.

Comparative —

Notes Study objective: to determine the prevalence of pulmonary tuberculosis (TB) in Tibet. Concerns:
substantial incorporation bias in domain 3; approximately 10% of > 30,000 study population had a
microbacteriological test as the reference standard. The remaining 90% was classified as TB-nega-
tive based on report of absence of a persistent cough of 2 weeks’ duration or haemoptysis and ab-
sence of CXR abnormalities suggestive of TB. Of 215 active TB cases, less than half would count as a
case for the systematic review. The remainder is either bacteriologically negative (= clinically diag-
nosed) or were already diagnosed withTB before the survey (n = 49; 23%). To determine if this can
be disaggregated needs more work. Risk of bias in domain 4 unclear.

Li 2019  (Continued)

 
 

Patient Sampling —

Patient characteristics and setting National TB Prevalence Survey Rwanda 2012

Index tests —

Target condition and reference standard(s) —

Flow and timing —

Comparative —

Notes Already included in current meta-analysis based on Survey Report.
See reference 'Rwanda MoH 2014'.

Migambi 2020 

 
 

Patient Sampling —

Patient characteristics and set-
ting

National Tuberculosis Prevalence Survey Uganda.

Index tests —

Target condition and reference
standard(s)

—

Flow and timing —

Comparative —

Notes Already included in current meta-analysis based on Survey Report. See reference 'Republic of
Uganda 2018'. The data as presented in the publication by Nalunjogi is not additional for the re-
view, as their analysis includes only participants with presumptive tuberculosis, and not the full
screened population.

Nalunjogi 2021 
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Patient Sampling Study design in accordance with WHO guidance on tuberculosis prevalence surveys; n = 61,783

Patient characteristics and
setting

National Tuberculosis Prevalence Survey Vietnam conducted in 2018

Index tests Cough for 2 weeks or more; CXR abnormalities consistent with tuberculosis; combination of these

Target condition and refer-
ence standard(s)

Bacteriologically confirmed tuberculosis case. Xpert MTB/RIF or culture positive for Mtb or both.
4738 (7.7%) of participants were eligible for microbacteriological examination

Flow and timing 91% of 4738 submitted sputum

Comparative In instances when data were available to construct a 2 x 2 table more than once for the same index
test (CXR) in (almost) the same study population, we selected the most complete or most recent re-
port

Notes National Tuberculosis Prevalence Survey. This one (conducted in 2018) is not included in the re-
view, but the previous one (2006) is as reference 'Hoa 2012'. In the review, in instances when data
were available to construct a 2 x 2 table more than once for the same index test(s) in (almost) the
same study population, we selected the most complete or most recent report, or made a random
choice (see Results section). This to avoid further systematic bias. This implies that the Nguyen HV
2020 study would replace the Hoa 2012 study that is currently in the review.

Nguyen HV 2020 

 
 

Patient Sampling 96 randomly selected clusters. The clusters were sub-communes, with ± population of 1000 per-
sons aged 15 years or older. Of 72,985 eligible participants, 57,597 (78.9%) participated in the Xpert
MTB/RIF screening and 12,752 (17.5%) participated in the CXR screen; 11,235 (15.4% of the eligible
study population) took part in both Xpert MTB/RIF screening and CXR, and hence formed the final
study population. Women < 45 years were excluded because of the use of CXR.

Patient characteristics and
setting

Men aged > 15 years and women > 45 years in Ca Mau province of VietNam, 2017/2018

Index tests CXR abnormalities consistent with tuberculosis, by one or both of 2 readers

Target condition and refer-
ence standard(s)

All individuals provided sputum for Xpert MTB/RIF. Those who had either sputum that was Xpert
MTB-positive (n = 33), or CXR that was reported as ‘consistent with tuberculosis’ by one or both
readers (n = 659), were to submit 2 sputum specimens for liquid and solid mycobacterial culture.

Flow and timing 7168 (63.8% of the final study population) provided sputum specimens suitable for Xpert MTB/RIF
testing. Among these, valid results were obtained for 7132 (99.5%). 10% of those providing sputum
for culture had no results.

Comparative —

Notes The study objective is to compare (sensitivity/yield and feasibility/participation) of 2 community
screening tests for tuberculosis: sputum examination using Xpert MTB/RIF and chest radiography.
Concerns: high risk of bias in domain 1 (participant selection) and domain 4 (flow and timing); rep-
resentativeness of population excluding women < 45 years; index test is defined based on 2 readers
- different from the studies included in the review.

N = 51 cases of tuberculosis (for sensitivity). The publication reports sensitivity based on 59 esti-
mated by a capture-recapture model. The remainder provide data for specificity.

Nguyen TBP 2020 
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Patient Sampling Stratified, consecutive. Four groups of women were enrolled: HIV-positive pregnant, HIV-negative
pregnant, HIV-positive postpartum, and HIV-negative postpartum.

Participants were consecutively enrolled until the sample size of 183 in each group was reached.

Patient characteristics and
setting

Pregnant and postpartum women at 3 public health facilities in 3 of the 4 regions of Eswatini, 2015.
Of 990 participants half are HIV+ (purposely selected for stratification purposes). 47% HIV+

Index tests Any cough, any tuberculosis symptom

Target condition and refer-
ence standard(s)

All participants were expected to submit 2 samples of sputum (for Xpert MTB/RIF, smear mi-
croscopy, and culture using MGIT 960). Case definition: bacteriologically confirmed tuberculosis:
culture positive for Mtb. 14/15 cases had no symptoms or signs of disease. Unclear how many had
>1 positive microbacteriological test.

Flow and timing In total, 776 of 990 (78%) participants produced sputum samples and of those 758 (98%) had sam-
ples available for culture testing of whom 704 (93%) had valid culture results

Comparative —

Notes The study objectives are to determine tuberculosis prevalence stratified by HIV status and identify
screening algorithms that maximise detection of active tuberculosis among pregnant and postpar-
tum women in Eswatini. Concerns: Domain1 - representativeness of the population. Of 990 partic-
ipants half are HIV+ (purposely selected for stratification purposes). Domain 4: 704 (approximate-
ly 70%) had culture results available. The remaining did not give sputum. Domain 3: % cases with-
out signs of disease or 2nd confirmed bacteriology unclear. It is possible to calculate accuracy for n
= 990 and n = 704, but not for the HIV-negatives only. Data on sensitivity: 15 women had a positive
tuberculosis culture (reference standard) of which 11 were HIV+.

Pasipamire 2020 

 
 

Patient Sampling Consecutive

Patient characteristics and
setting

Contacts to culture-confirmed adult tuberculosis patients and their close contacts at 9 US and
Canadian sites, between 2002 and 2006

Index tests Any cough

Target condition and refer-
ence standard(s)

Cases defined as 'co-prevalent tuberculosis': clinician-defined tuberculosis identified from tuber-
culosis treatment registry matches if the start date for tuberculosis treatment was before or < 30
days after blood draw/interview. Microbacteriological procedures unclear.

Flow and timing The date of tuberculosis diagnosis was defined as the start date for tuberculosis treatment. Con-
tacts with tuberculosis diagnosed before or < 30 days after blood draw (for immunology study)
were considered co-prevalent cases.

Comparative —

Notes The study objective is to examined cytokine immune response profiles among contacts to tubercu-
losis patients to identify immunologic and epidemiologic correlates of tuberculosis. Data for index
test 'any cough' could be identified. The study provides 41 cases for sensitivity and > 1200 for speci-
ficity. High risk of bias in at least 3 domains: Domain 1: of 3221 eligible contacts 61% did not enrol.
Domain 3: tuberculosis cases were identified from tuberculosis registry matches, implying that the

Reichler 2020 
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case definition is unclear - essentially clinician-defined - bacteriology results are unknown. Domain
2/4: date of tuberculosis diagnosis may have been before date of symptom (index test) interview.

Reichler 2020  (Continued)

ANC: antenatal clinic
CXR: chest radiography
Mtb: Mycobacterium tuberculosis
WHO: World Health Organization
 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 Any CXR abnormality 23 1039057

2 CXR abnormalities suggestive of tuberculosis 19 466970

3 Cough for 2 or more weeks 41 1547358

4 Cough of any duration 21 771025

5 Any tuberculosis symptom 29 510892

6 Parallel CXR and symptom screening 25 1143894

7 CXR for parallel comparison 24 1093540

8 Cough for 3 or more weeks 6 333737

9 Combination of tuberculosis symptoms - out of several 11 444276
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Test 1.   Any CXR abnormality

 
 

Test 2.   CXR abnormalities suggestive of tuberculosis
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Test 3.   Cough for 2 or more weeks

 
 

Test 4.   Cough of any duration
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Test 5.   Any tuberculosis symptom

 
 

Test 6.   Parallel CXR and symptom screening
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Test 7.   CXR for parallel comparison

 
 

Test 8.   Cough for 3 or more weeks

 
 

Test 9.   Combination of tuberculosis symptoms - out of several
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A D D I T I O N A L   T A B L E S

Cough ≥ 2 weeks (n = 41) Cough of any duration (n = 21) Any tuberculosis symptom (n = 29)Vari-
able

Cat-
e-
go-
ry

#
stud-
ies

Sensitivity
(95% CI)

Specificity
(95% CI)

P
val-

uea

#
stud-
ies

Sensitivity
(95% CI)

Specificity
(95% CI)

P
val-
ue

#
stud-
ies

Sensitivity
(95% CI)

Specificity
(95% CI)

P
val-
ue

Study-level characteristics

LIC 11 48.5% 38.0% to
58.9%

94.6% 91.9% to
97.3%

9 64.8% 54.8% to
73.6%

80.8% 69.1% to
88.9%

10 79.5% 67.4% to
87.8%

62.5% 42.1% to
79.2%

LMIC 20 43.9% 36.7% to
51.1%

92.5% 89.8% to
95.2%

5 48.6% 35.9% to
61.5%

91.6% 82.2% to
96.2%

13 70.8% 58.7% to
80.5%

63.3% 45.4% to
78.2%

Coun-
try
in-
come
level

UMIC 10 31.6% 21.7% to
41.6%

96.8% 95.1% to
98.6%

0.057

7 d 34.4% 23.3% to
47.5%

90.8% 82.7% to
95.4%

0.010b

6 50.0% 30.6% to
69.4%

72.7% 47.8% to
88.6%

0.013b

<
0.5%

19 39.9% 32.5% to
47.9%

96.4% 94.8% to
97.5%

10 51.0% 39.3% to
62.7%

89.6% 81.8% to
94.3%

8 60.8% 43.5% to

75.8%

79.1% 61.1% to
90.1%

Tu-
ber-
cu-
losis
preva-
lence

≥
0.5%

22 43.4% 35.8% to
51.4%

91.7% 88.6% to
94.1%

0.003c

11 50.8% 38.3% to
63.3%

85.3% 75.7% to
91.6%

0.59d

21 74.0% 81.9% to

64.2%

58.7% 45.2% to
71.0%

0.20d

Participant characteristics

<
5%

13 48.2% 38.0% to
58.5%

93.8% 90.1% to
96.2%

11 60.6% 49.4% to
70.9%

84.9% 74.5% to
91.5%

10 74.8% 59.3% to
85.8%

64.3% 42.9% to
81.2%

≥
5%

18 37.4% 29.0% to
45.7%

93.6% 90.9% to
96.2%

0.021b

6 34.1% 20.6% to
50.8%

91.6% 81.7% to
96.4%

0.024b

15 68.9% 54.6% to
80.2%

63.8% 46.2% to
78.3%

0.61dPro-
por-
tion
with

pre-
vious
tu-
ber-
culo-
sis

Miss-
ing

10   4   4  

Table 1.   Investigations of heterogeneity: factors modifying sensitivity or specificity or both of symptom index tests 

Abbreviations: CI: confidence interval; LIC: low-income country; LMIC: lower middle-income country; UMIC: upper middle-income country.
*We examined whether the variable modified sensitivity, specificity, or both.
P values are shown of the most parsimonious model with the best fit:
aOnly sensitivity was modified by the variable, but specificity was not. Specificity is therefore shown in italic font.
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bOnly specificity was modified by the variable, but sensitivity was not. Sensitivity is therefore shown in italic font.
cNeither sensitivity nor specificity was statistically significantly modified by the variable. Both are shown in italic font.
dIncludes one study from a high-income country.
 
 

Cough ≥2 weeks Cough of any duration Any tuberculosis symptom 

#
stud-
ies

Sensitivity
(95% CI)

Specificity
(95% CI)

#
stud-
ies

Sensitivity
(95% CI)

Specificity
(95% CI)

#
stud-
ies

Sensitivity
(95% CI)

Specificity
(95% CI)

Overall meta-analytic sum-
mary

41 42.1% 36.6%
to
47.7%

94.4% 92.6%
to
95.8%

21 51.3% 42.8%
to
59.7%

87.6% 81.6%
to
91.8%

29 70.6% 61.7%
to
78.2%

65.1% 53.3%
to
75.4%

Patient Selection domain -
low risk of bias only

32 40.3% 34.3%
to
46.5%

95.0% 93.3%
to
96.3%

19 51.0% 41.7%
to
60.2%

86.8% 80.6%
to
91.2%

23 65.2% 55.8%
to
73.6%

70.5% 58.4%
to
80.2%

Reference Standard domain -
low risk of bias only

8 29.3% 19.4%
to
41.7%

94.7% 89.5%
to
97.4%

8 41.7% 18.8%
to
56.8%

92.0% 83.5%
to
96.3%

12 62.9% 47.4%
to
76.1%

66.5% 53.8%
to
77.2%

Flow and Timing domain - low
risk of bias only

11 38.3% 28.7%
to
48.9%

96.4% 93.9%
to
97.8%

10 41.4% 29.2%
to
54.8%

89.4% 84.6%
to
92.9%

9 62.9% 43.5%
to
78.9%

79.3% 55.6%
to
92.1%

Studies with a microbiologi-
cal reference standard on

20% or more participants

16 37.8% 29.2%
to
47.3%

93.2% 89.4%
to
95.7%

10 43.2% 26.7%
to
61.4%

89.1% 78.9%
to
94.7%

17 67.2% 55.8%
to
76.9%

61.5% 50.9%
to
71.0%

Studies with a culture-based
microbiological reference
standard

34 40.4% 34.3%
to
46.8%

95.7% 94.3%
to
96.7%

20 51.4% 42.3%
to
60.4%

87.9% 81.8%
to
92.1%

23 65.1% 55.6%
to
73.6%

72.7% 61.6%
to
81.6%

Table 2.   Sensitivity analyses for symptom index tests 

CI: confidence interval
 
 

Study ID Population Any tuberculosis symp-
tom

Other symptom combination Cough for 2 or 3 or more weeks

Table 3.   Other symptom combinations 
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Sensitivi-
ty

Specifici-
ty

Definition Sensitivi-
ty

Specifici-
ty

Definition Sensitivi-
ty

Specifici-
ty

Ayles
2009b

HIV-negative sub-
set of general
population

83% 64% Cough ≥ 3 weeks, haemoptysis,
or any other 2 symptoms

75% 59% Cough for 3 or
more weeks (in-
cludes haemop-
tysis)

36% 94%

Adetifa
2016

General popula-
tion

Not available Cough ≥ 2 weeks, or 3 or more
other symptoms out of cough,
fever, chest pain, night sweats,
shortness of breath, anorexia,
weight loss, haemoptysis

57% 92% Cough for 2 or
more weeks

32% 97%

Chheng
2008a

HIV-negative VCT
attendants only

100% 28% Fever or haemoptysis or weight
loss

100% 40% Cough for 3
weeks or more

67% 63%

Claassens
2017b

HIV-negative sub-
set of general
population

65% 59% Cough ≥ 2 weeks or ≥ 2 symptoms
of cough less than 2 weeks, night
sweats, weight loss, fever, chest
pain, shortness of breath

47% 77% Cough for 2 or
more weeks

24% 95%

Claassens
2017d

HIV-negative sub-
set of general
population

40% 71% Cough ≥ 2 weeks or ≥ 2 symptoms
of cough less than 2 weeks, night
sweats, weight loss, fever, chest
pain, shortness of breath

26% 89% Cough for 2 or
more weeks

15% 97%

Corbett
2010b

HIV-negative sub-
set of general
population

71% 90% Either of: cough or weight loss 65% 93% Cough for 2 or
more weeks

45% 98%

Ho 2016 General popula-
tion

59% 69% Any symptom for the past 2
weeks or more

44% 87% Cough for 2 or
more weeks

39% 89%

Lewis
2009b

Occupational
(gold miners) -
HIV-negative sub-
set

29% 91% At least one of cough or weight
loss; new or worsening sputum
for at least 2 weeks

29% 92% Cough for 2 or
more weeks

9.7% 99%

Ntinginya
2012

(Household) con-
tacts

100% 86% ≥ 2 tuberculosis symptoms out of
7

80% 94% Cough for 2 or
more weeks

80% 92%

Table 3.   Other symptom combinations  (Continued)
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Telisinghe
2014

Prison inmates 32% 69% Any one of cough ≥ 2 weeks, night
sweats or unintentional weight
loss

21% 76% Cough for 2 or
more weeks

21% 93%

Table 3.   Other symptom combinations  (Continued)

 
 

Any CXR abnormality (n = 23) CXR abnormalities suggestive of tuberculosis (n = 19)Vari-
able

Catego-
ry

# stud-
ies

Sensitivity (95% CI) Specificity (95% CI) P val-

uea
# stud-
ies

Sensitivity (95% CI) Specificity (95% CI) P val-
ue

Study-level characteristics

Africa 11 90.2% 85.7% to
93.5%

88.1% 82.4% to
92.1%

10 77.3% 65.1% to
86.2%

95.6% 91.2% to
97.8%

WHO
region

Other
(mostly
Asia and
Pacific
regions)

12 96.9% 95.2% to
98.0%

90.0% 85.3% to
93.3%

0.0006b

9 91.3% 83.7% to
95.5%

95.6% 90.7% to
98.0%

0.013b

< 0.5% 12 92.1% 87.8% to
95.0%

90.7% 86.4% to
93.7%

8 81.5% 67.3% to
90.5%

97.5% 95.1% to
98.7%

Tuber-
culosis
preva-
lence ≥ 0.5% 11 96.6% 94.4% to

98.0%
87.1% 81.3% to

91.4%

0.014b

11 86.9% 76.5% to
93.1%

93.0% 87.8% to
96.1%

0.050c

Participant-level characteristics

< 10% 6 89.3% 82.0% to
93.8%

90.0% 82.9% to
94.4%

7 77.2% 59.9% to
88.5%

97.6% 94.7% to
99.0%

Pro-
por-
tion
smok-
ing

≥ 10% 17 96.1% 94.2% to
97.4%

88.8% 84.5% to
92.0%

0.007b

12 88.0% 79.8% to
93.2%

93.8% 89.1% to
96.5%

0.13d

Medi-
an/mean
popu-
lation
age

< 35
years

13 91.1% 87.7% to
93.6%

89.9% 85.4% to
93.1%

0.0001b 12 84.1% 73.1% to
91.1%

95.3% 91.1% to
97.5%

0.86d

Table 4.   Investigations of heterogeneity: factors modifying sensitivity or specificity or both of CXR index test(s) 
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≥ 35
years

10 97.6% 96.1% to
98.5%

88.0% 82.0% to
92.2%

7 86.0% 71.7% to
93.8%

96.0% 91.0% to
98.3%

Very high
> 5%

6 95.6% 92.5% to
97.5%

89.9% 85.0% to
93.4%

5 74.2% 54.3% to
87.4%

95.9% 89.3% to
98.5%

High >
1%

11 94.6% 89.3% to
97.3%

89.8% 82.7% to
94.2%

7 85.6% 73.8% to
92.6%

94.2% 87.1% to
97.5%

HIV
preva-
lence

Low < 1% 6 92.5% 85.3% to
96.3%

86.6% 77.8% to
92.3%

0.73d

7 91.3% 80.8% to
96.3%

96.6% 92.0% to
98.6%

0.074b

Table 4.   Investigations of heterogeneity: factors modifying sensitivity or specificity or both of CXR index test(s)  (Continued)

aWe examined whether the variable modified sensitivity, or specificity, or both.
P values of the most parsimonious model with the best fit are shown:
bOnly sensitivity was modified by the variable, but specificity was not. Specificity is therefore shown in italic font.
cOnly specificity was modified by the variable, but sensitivity was not. Sensitivity is therefore shown in italic font.
dNeither sensitivity nor specificity was statistically significantly modified by the variable. Both are shown in italic font.
CI: confidence interval; CXR: chest radiography
 
 

Any CXR abnormality CXR abnormalities suggestive of tuberculosis 

# studies Sensitivity (95% CI) Specificity (95% CI) # studies Sensitivity (95% CI) Specificity (95% CI)

Overall meta-analytic summary 23 94.7% 92.2% to
96.4%

89.1% 85.6% to
91.8%

19 84.8% 76.7% to
90.4%

95.6% 92.6% to
97.4%

Reference Standard domain -
low risk of bias only

2 did not converge 3 did not converge

Reference Standard domain -
low applicability concerns only

18 94.4% 91.0% to
96.5%

88.1% 83.5% to
91.5%

16 81.5% 72.9% to
87.9%

95.9% 92.6% to
97.8%

Flow and Timing domain - low
risk of bias only

10 95.0% 91.8% to
97.0%

91.7% 87.2% to
94.8%

3 73.5% 42.8% to
91.1%

98.6% 96.8% to
99.4%

Studies with a microbiological
reference standard on 20% or
more participants

7 95.8% 91.3% to
98.0%

79.2% 74.7% to
83.0%

7 84.2% 67.2% to
93.2%

91.1% 87.9% to
93.5%

Table 5.   Sensitivity analyses for CXR index tests 
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CI: confidence interval; CXR: chest radiography
 
 

CXR only Parallel CXR and symptom ques-
tion(s)

Difference Median (range)Study ID Study
popula-
tion

% with

bact

ref. test
Classification Sens Spec Symptom Sens Spec Sens Spec Sens Spec

van't Hoog
2012

General
popula-
tion

32% Any CXR abnor-
mality

94.2% 72.6% Cough ≥ 2
weeks

96.7% 69.1% 2.6% -3.5%

MoPH
DPRK 2017

General
popula-
tion

8% Any pulmonary
CXR abnormal-
ity

99.4% 98.8% Cough ≥ 2
weeks and/or
haemoptysis

100.0% 92.6% 0.6% -6.2%

Qadeer
2016

General
popula-
tion

8% Any pulmonary
CXR abnormal-
ity

88.7% 92.5% Cough ≥ 2
weeks

99.7% 90.4% 11.0% -2.1%

Ghana
NTP 2015

General
popula-
tion

12% Any pulmonary
CXR abnormal-
ity

92.1% 91.6% Cough ≥ 2
weeks

82.7% 89.9% -9.4% -1.7%

NTP
Philip-
pines 2018

General
popula-
tion

35% Any pulmonary
CXR abnormal-
ity

98.2% 71.4% Cough ≥ 2
weeks and/or
haemoptysis

96.1% 70.8% -2.0% -0.7%

Mongolia
MoH 2016

General
popula-
tion

19% Any pulmonary
CXR abnormal-
ity

97.1% 84.5% Cough ≥ 2
weeks

98.8% 81.3% 1.6% -3.2%

Federal
MoH Su-
dan 2018

General
popula-
tion

17% Any pulmonary
CXR abnormal-
ity

86.3% 85.1% Cough ≥ 2
weeks

86.5% 84.9% 0.2% -0.3%

Republic
of Uganda
2018

General
popula-
tion

12% Any pulmonary
CXR abnormal-
ity

90.0% 93.4% Cough ≥ 2
weeks

100.0% 88.2% 10.0% -5.2%

+1.6%

(-9.4% to
+11%)

-3.2%

(-0.3% to
-6.2%)

Table 6.   Parallel CXR and Symptom Index Tests: description of studies and their populations, index tests definitions, and diQerence in sensitivity and
specificity compared to CXR alone 
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MoH In-
donesia
2015

General
popula-
tion

22% Any pulmonary
CXR abnormal-
ity

95.0% 83.1% Cough ≥ 2
weeks

100.0% 77.8% 5.0% -5.3%

Rwanda
MoH 2014

General
popula-
tion

11% Any pulmonary
CXR abnormal-
ity

90.0% 93.9% Cough any
duration

100.0% 89.1% 10.0% -4.8%    

MoPH
Thailand
2017

General
popula-
tion

9% Any pulmonary
CXR abnormal-
ity

95.8% 93.3% Clinical score
of several

symptomsa

100.0% 90.5% 4.2% -2.7%

NTP
Bangladesh
2017

General
popula-
tion

21% Any pulmonary
CXR abnormal-
ity

90.3% 83.6% Clinical score
of several

symptomsa

100.0% 79.4% 9.7% -4.2%

Kapata
2016

General
popula-
tion

13% Any pulmonary
CXR abnormali-

ty b

82.6% 92.2% Any one of
several symp-

tomsb

100.0% 87.2% 17.4% -5.0%

Repub-
lic of Zim-
babwe
2015

General
popula-
tion

17% Any CXR abnor-
mality

91.1% 89.7% Any one of
several symp-

tomsc

96.3% 86.5% 5.2% -3.2%

+7.4%

(+4.2%
to +17%)

-3.7%

(-2.7% to
-5.0%)

Koesoe-
madinata
2018

Diabetes
patients

20% CXR abnormali-
ty suggestive of
tuberculosis

100.0% 88.8% Cough ≥ 2
weeks

100.0% 81.4% 0.0% -7.4%

MoH
Myanmar
2012

General
popula-
tion

23% CXR abnormali-
ty suggestive of
tuberculosis

91.4% 92.1% Cough ≥ 3
weeks

96.1% 76.6% 4.7% -15.5%

Kenya
MoH 2018

General
popula-
tion

14% CXR abnormali-
ty suggestive of
tuberculosis

90.3% 90.1% Cough ≥ 2
weeks

98.7% 85.6% 8.4% -4.5%

MoH Cam-
bodia
2005

General
popula-
tion

15% CXR abnormali-
ty suggestive of
tuberculosis

97.1% 90.1% Cough ≥ 3
weeks

100.0% 85.1% 2.9% -5.0%

+6.6%

(0% to
11%)

-4.8%

(-3.7%
% to
-15.5%)

Table 6.   Parallel CXR and Symptom Index Tests: description of studies and their populations, index tests definitions, and diQerence in sensitivity and
specificity compared to CXR alone  (Continued)
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Hoa 2012 General
popula-
tion

8% CXR abnormali-
ty suggestive of
tuberculosis

85.1% 96.0% Productive
cough ≥ 2
weeks or tu-
berculosis his-
tory

94.1% 92.3% 8.9% -3.8%

FRoNige-
ria 2014

General
popula-
tion

10% CXR abnormali-
ty suggestive of
tuberculosis

88.9% 93.4% Cough ≥ 2
weeks

100.0% 89.7% 11.1% -3.7%

Pelissari
2018

Prison in-
mates

19% CXR abnormali-
ty suggestive of
tuberculosis

91.2% 84.5% Cough any
duration

100.0% 67.3% 8.8% -17.2%    

Malawi
MoH 2016

General
popula-
tion

11% CXR abnormali-
ty suggestive of
tuberculosis

49.2% 97.0% Any one of
several symp-

tomsd

100.0% 89.5% 50.8% -7.5%

Telisinghe
2014

Prison in-
mates

100% CXR abnormali-
ty suggestive of
tuberculosis

78.9% 92.8% Any one of
several symp-

tomse

84.2% 64.3% 5.3% -28.5%

Morasert
2018

Prison in-
mates

17% CXR abnormali-
ty suggestive of
tuberculosis

88.1% 94.7% Clinical score
of several

symptomsf

98.8% 79.2% 10.7% -15.5%

+10.7%

(+5.3%
to +51%)

-15.5%

(-7.5% to
-29%)

den Boon
2006

General
popula-
tion

45% CXR abnormali-
ty suggestive of
tuberculosis

89.7% 87.9% Any one of
several symp-

tomsg

89.7%   0.0%      

Table 6.   Parallel CXR and Symptom Index Tests: description of studies and their populations, index tests definitions, and diQerence in sensitivity and
specificity compared to CXR alone  (Continued)

Abbreviations: bact ref. test: microbacteriological reference test; CI: confidence interval; CXR: chest radiography; sens: sensitivity; spec: specificity.
aClinical score ≥ 3 out of cough ≥ 2 weeks (3 points), haemoptysis over the past month (3 points), cough < 2 weeks (2 points), weight loss in the past month (1 point), fever ≥ 1
week in the past 2 weeks (1 point), night sweats in the past month (1 point).
bCXR any pulmonary abnormality and heart abnormalities. Symptom combination comprises any one of the following 3 symptoms for at least 2 weeks: cough, fever, and/or
chest pain.
cAny one of the following 3 symptoms: cough of any duration, haemoptysis in the past 12 months, drenching night sweats.
dAny of the following symptoms for at least 1 week: cough, sputum production, haemoptysis, chest pain, weight loss, night sweats, fatigue, fever, or shortness of breath.
eWHO 4 symptom tool for People Living with HIV.
fCough, haemoptysis, weight loss, night sweats, and fever.
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gScore ≥ 3 points out of the prison screening questionnaire composed of 8 questions: 3 points for any history of previous anti-tuberculosis treatment, cough ≥ 2 weeks, haemoptysis
in the past month or cervical lymphadenopathy ≥ 2 cm; 2 points for cough < 2 weeks; 1 point for intermittent or persistent fever in the past month, weight loss 5% of body weight
in the past month or night sweats in the past month.
 

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch

ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

  # studies Sensitivity (95% CI) Specificity (95% CI)

Overall meta-analytic summary of parallel

combinations of CXR and symptomsa
24 99.6% 98.3% to

99.9%
84.2% 81.1% to

87.0%

CXR any (pulmonary) abnormality and
cough ≥ 2 weeks

9 99.2% 94.8% to
99.9%

84.3% 78.6% to
88.7%

CXR abnormalities suggestive of tuberculo-
sis and cough ≥ 2 weeks

6 99.1% 94.3% to
99.9%

86.0% 81.3% to
89.6%

CXR (either of the above definitions) and
cough ≥ 2 weeks

15 99.2% 96.8% to
99.8%

84.9% 81.2% to
88.1%

CXR any (pulmonary) abnormality and sev-

eral symptomsb
4 100% 58.2% to

100%
86.4% 82.1% to

89.7%

CXR (either of the above definitions) and

several symptomsa
7 99.8% 95.4% to

100%
83.7% 77.6% to

88.4%

Reference Standard domain - low risk of
bias only

1 too few studies

Reference Standard domain - low applicabil-
ity concerns only

20 99.6% 98.0% to
99.9%

83.7% 80.0% to
86.9%

Flow and Timing domain - low risk of bias
only

9 100% 96.6% to
100%

86.8% 83.4% to
89.6%

Studies with a microbiological reference
standard on at least 20% of participants

7 99.0% 93.5% to
99.8%

74.5% 70.3% to
78.3%

Table 7.   Subgroup and sensitivity analyses of parallel CXR and symptom index tests 

aOne study lacked data to calculate specificity and was excluded.
bSee Table 6 for study definitions of 'several symptoms'.
 

Symptom- and chest-radiography screening for active pulmonary tuberculosis in HIV-negative adults and adults with unknown HIV status
(Review)

Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.

246



S
y
m

p
to

m
- a

n
d
 ch

e
st-ra

d
io

g
ra

p
h
y
 scre

e
n
in

g
 fo

r a
ctiv

e
 p

u
lm

o
n
a
ry

 tu
b
e
rcu

lo
sis in

 H
IV

-n
e
g
a
tiv

e
 a

d
u
lts a

n
d
 a

d
u
lts w

ith
 u

n
k
n
o
w

n
 H

IV
 sta

tu
s

(R
e
v
ie

w
)

C
o
p
yrig

h
t ©

 2022 T
h
e A

u
th
o
rs. C

o
ch

ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s p

u
b
lish

ed
 b
y Jo

h
n
 W

ile
y &

 S
o
n
s, Ltd

. o
n
 b
eh

a
lf o

f T
h
e C

o
ch

ra
n
e

C
o
lla

b
o
ra
tio

n
.

2
4
7

This report 2012 report (van't Hoog 2013a) 

n Sen-
sitiv-
ity

95% CI CiE Speci-
ficity

95% CI CiE n Sen-
sitiv-
ity

95% CI CiE Speci-
ficity

95% CI CiE

Any tubercu-
losis symp-
tom

29 70.6% 61.7% 78.2% very
low

65.1% 53.3% 75.4% low 8 77.0% 68.0% 86.0% very
low

67.7% 50.2% 85.1% very
low

Cough any
duration

21 51.3% 42.8% 59.7% very
low

87.6% 81.6% 91.8% low 6 62.7% 49.3% 76.1% low 77.5% 65.5% 89.5% low

Cough 2 or

more weeksa
41 42.1% 36.5% 47.7% very

low
94.4% 92.9% 95.8% high 8* 35.1% 24.4% 45.7% very

low
94.7% 92.5% 96.8% low

CXR any (pul-
monary) ab-
normality

23 94.7% 92.2% 96.4% very
low

89.1% 85.6% 91.8% low 3 97.8% 95.1% 100.0% mod-
erate

75.4% 72.0% 78.8% mod-
erate

CXR abnor-
malities sug-
gestive of tu-
berculosis

19 84.8% 76.7% 90.4% low 95.6% 92.6% 97.4% high 4 86.8% 79.2% 94.5% low 89.4% 86.7% 92.0% low

Parallel cough
2 or more
weeks and
CXR

15 99.2% 96.8% 99.8% — 84.9% 81.2% 88.1% — — — — — — — — — —

Table 8.   Comparison with earlier version of review 

Abbreviations: CI: confidence interval; CiE: certainty of evidence; CXR: chest radiography.
aThe 2012 report includes 3 of 8 studies reporting on cough for 3 or more weeks, which has lower sensitivity (Figure 20), and was excluded in the current report.
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Study ID Study objective Index test(s) # tuberculosis
cases

# concerns Concerns and comments

Assefa 2019 To assess if there
are missed pul-
monary tubercu-
losis (PTB) cases
among medical
inpatients in a re-
ferral hospital in
Ethiopia.

Cough ≥ 2
weeks, any
tuberculosis
symptom

10 ≥ 2 Concerns: The population is not repre-
sentative for the study question: med-
ical inpatients, high HIV prevalence,
the data are reported aggregately for
HIV+ and HIV- patients. The symptom
screening was not systematic but ex-
tracted from retrospective chart re-
view. Consensus discussion with sever-
al authors would be required to deter-
mine eligibility.

Bekken 2020 To evaluate a Tu-
berculosis Contact
Score (TCS) and In-
fectivity Score in
identifying subclini-
cal tuberculosis, in
household contacts
in India.

Any CXR ab-
normality,
CXR abnor-
malities sug-
gestive of tu-
berculosis

29 ≥ 2 Concerns: the population are house-
hold contacts and is not fully represen-
tative as 40% is below 15 years of age.
Of 29 cases 90% has subclinical tuber-
culosis, meaning no symptoms and no
CXR abnormalities. The study provides
data on 29 cases for sensitivity and n =
496 for specificity.

Hamda 2020 To determine 1)
the prevalence of
tuberculosis (TB)
and HIV-TB co-in-
fection in pregnan-
cy, and 2) the sen-
sitivities of sympto-
matic TB screening
and Xpert MTB/RIF
testing against gold
standard culture, in
Botswana.

Cough ≥ 2
weeks, other
symptom def-
inition

2 1 Concerns. The definition of any tuber-
culosis symptoms is different from
how it is used in the review, which is
usually of any one symptom of any du-
ration. The risk of bias in domain 1 is
unclear. # of tuberculosis cases is very
low.

Li 2019 To determine the
prevalence of pul-
monary tuberculo-
sis in Tibet.

Cough ≥ 2
weeks, CXR
abnormalities
suggestive of
tuberculosis,
CXR + symp-
toms in paral-
lel

63 ≥ 2 Standard prevalence survey design.
Substantial incorporation bias in do-
main 3; approximately 10% of > 30,000
study population had a microbacte-
riological test as the reference stan-
dard. Of 215 active tuberculosis cases,
less than half would count as a case for
the systematic review. To determine if
this can be disaggregated needs more
work. Risk of bias in domain 4 unclear.

Nguyen TBP
2020

To compare (sensi-
tivity/yield and fea-
sibility/participa-
tion) of two com-
munity screening
tests for tubercu-
losis: sputum ex-
amination using
Xpert MTB/RIF and
chest radiography,
in Vietnam.

CXR abnor-
malities sug-
gestive of tu-
berculosis

51 ≥ 2 Concerns: High risk of bias in domain
1 (participant selection) and domain 4
(flow and timing); representativeness
of population excluding women < 45
years; index test is defined based on 2
readers - different from the studies in-
cluded in the review. N = 51 cases of
tuberculosis (for sensitivity). The pub-
lication reports sensitivity based on
59 estimated by a capture-recapture
model.

Table 9.   Seven studies probably eligible for inclusion 
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Pasipamire
2020

To determine tu-
berculosis preva-
lence stratified by
HIV status and iden-
tify screening algo-
rithms that max-
imise detection of
active tuberculo-
sis among pregnant
and postpartum
women in Eswatini.

Any cough,
any tuberculo-
sis symptom

15 ≥ 2 Concerns: Domain1 - representative-
ness of the population Of 990 partici-
pants half are HIV+ (purposely select-
ed for stratification purposes). Domain
4: 704 (approximately 70%) had cul-
ture results available. The remaining
did not give sputum. Domain 3: % cas-
es without signs of disease or 2nd con-
firmed bacteriology unclear. It is pos-
sible to calculate accuracy for n = 990
and n = 704, but not for the HIV-nega-
tives only.

Reichler 2020 To examined cy-
tokine immune
response profiles
among contacts
to tuberculosis pa-
tients to identify
immunologic and
epidemiologic cor-
relates of tubercu-
losis, in the USA
and Canada.

Any cough 41 ≥ 2 Concerns: High risk of bias in 3 do-
mains. Domain1: of 3221 eligible con-
tacts 61% did not enrol. D3: tubercu-
losis cases were identified from tuber-
culosis registry matches, implying that
the case definition is unclear - essen-
tially clinician defined - bacteriology
results are unknown. D4: Contacts with
tuberculosis diagnosed before or < 30
days after blood draw were considered
co-prevalent cases. The date of tuber-
culosis diagnosis was defined as the
start date for tuberculosis treatment.
Consensus discussion with several au-
thors would be required to determine
eligibility.

Table 9.   Seven studies probably eligible for inclusion  (Continued)

 

 

A P P E N D I C E S

Appendix 1. QUADAS-2 tool

 

Key questions Signalling questions

Domain 1: Patient selection

Risk of bias: Could the selec-
tion of patients have intro-
duced bias?

 

 

 

1.    Did the study enrol a consecutive or random sample of patients?

• Yes: if all eligible patients were enrolled; or if the authors reported that the patients were either
a consecutive series or randomly selected;

• No: if the authors report that the selection was based on clinical judgement of health workers, or
participation of randomly selected people in the study was low;

• Unclear: if there is discrepancy between the numbers of eligible people and the number of includ-
ed people, but no reasons given for that, or the selection procedure is not clearly described.

 

2.    Was a case–control design avoided?

• Yes: if a case–control design was avoided;

• No: if a case–control design was not avoided;

• Unclear: if not reported or insufficient information is provided to decide.
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3.    Did the study avoid inappropriate exclusions?

• Yes: if no study participants were excluded after inclusion;

• No: if study participants were excluded (for example, participants with mild or severe symptoms
or signs);

• Unclear: if insufficient information is provided to decide.

Applicability: Are there con-
cerns that the included pa-
tients and setting do not
match the review question?

• High concern: if the study population does not resemble a population that would be considered
for a tuberculosis screening program in practice;

• Low concern: if the study population does resemble a population that would be considered for a
tuberculosis screening program in practice;

• Unclear: if not reported or insufficient information is provided to decide.

Domain 2: Index test

Risk of bias: Could the conduct
or interpretation of the index
test have introduced bias?

 

 

1.    Were the index test results interpreted without knowledge of the results of the reference stan-
dard?

• Yes: if the screening test was performed without knowing whether the person had infectious tu-
berculosis.

• No: if symptom questions were asked after the results of the reference test were known, or the
CXR was interpreted with knowledge of the results of the reference test.

• Unclear: if insufficient information is provided to decide. For example, if it was unclear whether
the CXR reader was blinded to the results of the reference test.

2.    If a threshold was used, was it pre-specified?

• This question was not applicable for our review question.

Applicability: Are there con-
cerns that the index test, its
conduct or its interpretation
differ from the review ques-
tion?

• High concern: if the symptom questions or CXR classification were intended as a diagnostic rather
than a screening tool; or if part of the population was screened with MMR;

• Low concern: if the symptom questions or CXR assessment were done with the intention to screen;

• Unclear: if insufficient information is provided to decide.

Domain 3: Reference standard

Risk of bias: Could the refer-
ence standard, its conduct or
its interpretation have intro-
duced bias?

 

1.    Is the reference standard likely to correctly classify the target condition?

• Yes: if the reference standard was an author-defined combination of mycobacterial culture (on
solid or liquid medium) and possibly sputum smear microscopy, or Xpert MTB/RIF, other NAAT, or
both, and cases defined by sputum microscopy only are limited to a small proportion (≦ 10%) in
whom culture was contaminated or negative or missing but smears were positive;

• No: if the reference standard was not an author-defined combination of mycobacterial culture (on
solid or liquid medium) and possibly sputum smear microscopy, or Xpert MTB/RIF, other NAAT, or
both. This includes studies where sputum smear microscopy was the only reference test;

• Unclear: if insufficient information is provided to decide.

 

2.    Were the reference standard results interpreted without knowledge of the results of the index
test?

• Yes: if the screening test results were not known to the people interpreting the reference standard
results;

• No: if the screening test results were known to the people interpreting the reference standard
results;

  (Continued)
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• Unclear: if insufficient information is provided to decide.

Applicability: Are there con-
cerns that the target condition
as defined by the reference
standard does not match the
question?

• High concern: if there was a high probability that a considerable proportion of the tuberculosis
cases identified in the study did not have bacteriologically confirmed tuberculosis or did not have
active tuberculosis;

• Low concern: (i) if the tuberculosis cases in the study have tuberculosis symptoms or CXR abnor-
malities in addition to a positive culture, or positive smear microscopy, or both; or (ii) if they have
at least two different samples positive on culture, or on smear microscopy, or both.

• Moderate concern: Because we perceive a large contrast between “low” and “high” we added
a category “moderate” for the applicability sections. We applied the "moderate" category if the
tuberculosis cases in the study could include people with one positive sputum culture or Xpert
MTB/RIF, NAAT or smear only, without the presence or symptoms or CXR abnormalities;

• Unclear: if insufficient information is provided to decide.

Domain 4: Flow and timing

Risk of bias: Could the patient
flow have introduced bias?

 

 

1.    Was there an appropriate interval between the index test and reference standard?

• Yes: if the screening test and reference standard were applied (or samples taken) at the same time
or within 1 week;

• No: if the time between the screening test and reference standard (sample collection) was more
than 1 week;

• Unclear: if insufficient information is provided to decide.

 

2.    Did all patients receive the same reference standard?

• Yes: if all participants were evaluated with the reference standard, and if all or a large majority of
participants were evaluated with the same test(s);

• No: if not all participants were evaluated with the reference standard, or participants received
different tests (for example, some smear only, some culture, or different numbers of samples were
submitted for testing);

• Unclear: if insufficient information is provided to decide.

 

3.    Were all patients included in the analysis?

• Yes: if all participants were included;

• No: if participants who participated were excluded. For instance because they did not provide
sputum for a reference test;

• Unclear: if insufficient information is provided to decide.

  (Continued)

 

Appendix 2. Search strategy

A. MEDLINE search strategy

Platform: OvidSP

Database: MEDLINE(R) In-Process & Other Non-Indexed Citations

Limits: no limits were used

Methodological filters: none
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1 exp Mycobacterium/

2 mycobacterium.ti,ab.

3 tuberculosis/

4 peritonitis, tuberculous/

5 exp tuberculoma/

6 tuberculosis, bovine/

7 exp tuberculosis, cardiovascular/

8 exp tuberculosis, central nervous system/

9 tuberculosis, cutaneous/

10 erythema induratum/

11 tuberculosis, endocrine/

12 tuberculosis, gastrointestinal/

13 tuberculosis, hepatic/

14 exp tuberculosis, lymph node/

15 tuberculosis, miliary/

16 tuberculosis, multidrug-resistant/

17 tuberculosis, ocular/

18 tuberculosis, oral/

19 tuberculosis, osteoarticular/

20 tuberculosis, pleural/

21 tuberculosis, pulmonary/

22 tuberculosis, splenic/

23 tuberculosis, urogenital/

24 (tuberculo* or TB or scrofuloderma).ti,ab.

25 or/1-24

26 (case adj finding).ti,ab.

27 screen*.ti,ab.

28 Mass Screening/ or Mass Chest X-ray/
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29 exp Population Surveillance/

30 (disease adj3 surveillance).ti,ab.

31 (case adj detection).ti,ab.

32 Contact Tracing/

33 (contact adj tracing).ti,ab.

34 exp Health Surveys/

35 survey.ti,ab.

36 exp "Sensitivity and Specificity"/

37 (false adj negative).ti,ab.

38 odds.mp.

39 ((ROC or HSROC or SROC) adj2 (curve* or analys?s or plot*1)).ti,ab.

40 (predictive adj3 value).ti,ab.

41 specificit*.ti,ab.

42 accuracy.ti,ab.

43 or/36-42

44 prevalence.mp. or Prevalence/

45 Cross-Sectional Studies/ or cross sectional.mp.

46 44 or 45

47 34 or 35 or 46

48 (mycobacteri$ adj2 culture).ti,ab.

49 (microscopy adj2 (sputum smear or ZN or Ziehl-neelsen or FM or fluorescence)).ti,ab.

50 lowenstein-jensen.ti,ab.

51 (LJ adj2 medium).ti,ab.

52 "mycobacteria growth incubator tube".ti,ab.

53 mgit.ti,ab.

54 Xpert.ti,ab.

55 (auramine adj2 staining).ti,ab.

56 ((culture or smear) adj positiv*).ti,ab.

  (Continued)
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57 or/48-56

58 25 and 47 and 57

59 or/26-35

60 25 and 59 and 43

61 25 and 59 and 57

62 58 or 60 or 61

63 Limit 62 to ed=19920101-20130801

  (Continued)

 
B. Embase search strategy

 

# Searches

1 exp Mycobacterium/ or exp tuberculosis/ or central nervous system tuberculosis/ or congenital tu-
berculosis/

or drug resistant tuberculosis/ or extrapulmonary tuberculosis/ or intestine tuberculosis/ or kidney
tuberculosis/

or laryngeal tuberculosis/ or latent tuberculosis/ or lung tuberculosis/ or miliary tuberculosis/ or
ocular tuberculosis/

or postprimary tuberculosis/ or primary tuberculosis/ or skin tuberculosis/ or tuberculoma/

or (tuberculo* or TB or scrofuloderma).ti,ab. or mycobacterium.ti,ab.

2 case finding/

3 (case adj finding).ti,ab.

4 screen*.ti,ab.

5 exp screening/

6 (disease adj3 surveillance).ti,ab.

7 exp disease surveillance/

8 case-finding.ti,ab.

9 (case adj detection).tw.

10 (contact adj tracing).ti,ab.

11 exp health survey/ or screening/ or mass screening/ or screening test/ or mass radiography/ or tho-
rax radiography/

12 survey.ti,ab.
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13 or/2-12

14 "sensitivity and specificity"/

15 (false adj negative).ti,ab.

16 odds.mp.

17 (predictive adj3 value).ti,ab.

18 ((ROC or HSROC or SROC) adj2 (curve* or analys?s or plot*1)).ti,ab.

19 specificit*.ti,ab.

20 accuracy.tw.

21 or/14-20

22 exp prevalence/

23 prevalence.ti,ab.

24 cross sectional.ti,ab.

25 cross-sectional study/

26 or/22-25

27 11 or 12 or 26

28 (mycobacteri$ adj2 culture).ti,ab.

29 (microscopy adj2 (sputum smear or ZN or Ziehl-neelsen or FM or fluorescence)).ti,ab.

30 lowenstein-jensen.ti,ab.

31 (LJ adj2 medium).ti,ab.

32 "mycobacteria growth incubator tube".ti,ab.

33 mgit.ti,ab.

34 geneXpert.ti,ab.

35 (auramine adj2 staining).ti,ab.

36 ((culture or smear) adj positiv*).ti,ab.

37 or/28-36

38 1 and 27 and 37

39 1 and 13 and 21

40 1 and 13 and 37

  (Continued)
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41 38 or 39 or 40

  (Continued)

 
C. LILACS search strategy

((tw:(tuberculo*)) AND (tw:(prevalence OR cross-sectional OR survey)) AND (tw:(culture OR "sputum smear" OR ziehl-neelsen OR
flurescence OR lowenstein-jensen OR "incubator tube" mgit OR genexpert OR smear)) AND (instance:"regional")) OR ((tw:(tuberculo*))
AND (tw:(screen* OR limpaduras OR cribado OR "case finding" OR "detección de casos" OR "population surveillance" OR "disease
surveillance" OR "contact tracing" OR survey)) AND (tw:(culture OR "sputum smear" OR ziehl-neelsen OR flurescence OR lowenstein-jensen
OR "incubator tube" mgit OR genexpert OR smear))) OR ((tw:(tuberculo*)) AND (tw:(screen* OR limpaduras OR cribado OR "case finding"
OR "detección de casos" OR "population surveillance" OR "disease surveillance" OR "contact tracing" OR survey)) AND (tw:(specificit* OR
accuracy OR predict* OR odds OR roc))) AND (db:("LILACS")) AND (instance:"regional")

D. CRD HTA database search strategy

tubercul* in all fields

Limit: HTA (published)

Appendix 3. Certainty of the evidence and search date

Exploration to assess if updating the search increases the certainty of evidence

AMer completion of the review based on the search of 10 December 2018, we explored if adding an updated search would potentially reach
a higher certainty of evidence and therefore more firm conclusions. We conducted an updated search in MEDLINE and Embase on 2 July
2021 and then restricted the search to records that included tuberculosis terms, DTA terms, and terms for our reference standard in the
title or/and abstract (TiAb). This set would most likely include studies of high quality. We assessed the restricted set using the review’s
eligibility criteria and of the studies that were most likely eligible for inclusion we assessed risks of bias and applicability concerns in the
QUADAS-2 domains.

The updated search would add approximately 3000 records of which 262 remained aMer restricting to inclusion in the TiAbs of tuberculosis
terms, DTA terms, and terms for our reference standard. Assessment of these 262 by two review authors independently resulted in 40
articles for full-text selection of which 12 studies fulfilled our inclusion criteria. These are listed as Studies awaiting classification in the
review and the section on Characteristics of studies awaiting classification provides information on each of these studies. Five are national
tuberculosis prevalence studies of which four (Bonsu 2020; Lansang 2021; Migambi 2020; Nalunjogi 2021) are already included in the review
based on grey literature reports (Ghana NTP 2015; NTP Philippines 2018; Rwanda MoH 2014; Republic of Uganda 2018). The Vietnam survey
(Nguyen HV 2020) would replace the data from the previous version of the Vietnam prevalence survey which is already included in the
review (Hoa 2012). These five studies would thus not add data to the review.

Of the remaining seven studies (see Table 9), one is a subnational tuberculosis prevalence surveys from Tibet/China (Li 2019) which follows
the WHO-recommended study design for national tuberculosis prevalence surveys and thus shares the concerns for the review that arise
from this design: high risk of bias in the QUADAS-2 reference standard domain due to incorporation bias. The remaining six studies have
diKerent study objectives, designs, and populations, and five have concerns about high risk of bias or/and applicability concerns in at
least two QUADAS-2 domains (Assefa 2019; Bekken 2020; Nguyen TBP 2020; Pasipamire 2020; Reichler 2020), and one study in one domain
(Hamda 2020). Two of these six studies have a very low (10 or fewer) number of tuberculosis cases (Assefa 2019; Hamda 2020). For at least
two studies consensus discussion with several authors would be required to determine final eligibility (Assefa 2019; Reichler 2020).

From these data we conclude that an update would not increase the certainty of evidence. We expect the same level of heterogeneity
and risk of bias. The large number of prevalence surveys in the current review already provide us with a considerable amount of data to
estimate specificity, and more data will not further increase the certainty of evidence. The uncertainty in the estimates for sensitivity will
not be solved, as the data from prevalence surveys suKer from incorporation bias (as we show in the Results section of the review), while
the additional studies with other designs have other biases or concerns or are small in sample size and number of tuberculosis cases to
contribute to sensitivity calculations. Incorporating the update in the review would take a considerable amount of time, with no gain in
information value.

Appendix 4. Cough for ≥ 3 versus ≥ 2 weeks; within-study comparison

Figure 20
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Figure 20.   Summary ROC plot: 'Cough for 2 or more weeks' and 'Cough for 3 or more weeks' in studies reporting on
both tests.

 

W H A T ' S   N E W

 

Date Event Description

9 May 2022 Amended Amendment published to resolve an issue with figures not dis-
playing correctly.
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