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A B S T R A C T

This is the protocol for a review and there is no abstract. The objectives are as follows:

To assess the sensitivity and specificity of questioning for presence of one or more selected symptoms, or symptom combinations, or

both; chest radiography; and combinations of those as screening tools for detecting bacteriologically confirmed active pulmonary TB

in people considered eligible for TB screening who are HIV-negative or whose HIV-status is unknown.

If data allow, we will investigate heterogeneity in relation to:

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

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

• reference standard (culture, Xpert, smear microscopy);

• screen test definition;

• representativeness of the study design and population for intended screening practice (inclusion of people without any

symptoms or CXR abnormalities);

• study participants characteristics (age, sex and HIV status);

• geographic area and economic region.

In the investigation of heterogeneity we intend to stratify for combinations of risk groups or specific populations and background

epidemiology, that is, at different levels of TB prevalence among the screened population.
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We do not intend to do a formal comparison of the accuracy of screening tests as part of this review. As part of the TB screening

guideline development process, we will compare diagnostic algorithms as described above.

B A C K G R O U N D

Target condition being diagnosed

Tuberculosis (TB) is an important infectious cause of morbidity

and mortality among adults worldwide. In 2011, there were 8.7

million new and 12 million prevalent cases of TB, almost one

million TB deaths of HIV-uninfected people and an additional

0.43 million deaths among HIV-infected people (WHO 2012).

An estimated one-third of the world’s population is infected with

Mycobacterium tuberculosis, the microorganism that causes TB. In

humans, M. tuberculosis (MTB) infection usually affects the lungs

and spreads by airborne transmission (Lawn 2011). Patients with

infectious TB spread bacilli, most commonly through coughing.

After initial infection, approximately 5% of infected people de-

velop active tuberculosis, referred to as TB. Between 90 to 95% of

infected people develop a latent TB infection (LTBI), which may

reactivate at a later stage especially in the presence of conditions

that affect immunity (including HIV infection, undernutrition,

and old age) (Rieder 1999). It can take months to years for people

to develop symptomatic and bacteriologically detectable TB. LTBI

and TB are increasingly seen as two ends of a continuous spec-

trum. In between are early disease states that may be described as

incipient TB and subclinical TB (Achkar 2011). In the absence of

diagnosis and treatment, people with active TB may be infectious

for prolonged time periods. In HIV-negative people with active

TB, the average duration until self-cure or death is three years, and

case fatality with no treatment is approximately 70% for smear-

positive (that is, detectable with sputum smear microscopy) and

20% for smear-negative TB (Tiemersma 2011).

The decline in estimated global TB incidence, about 2% per year,

is far below the average decline of 20% per year required to reach

the elimination target of < one case per million population in

2050 (Raviglione 2012; WHO 2012). In 2011, only an estimated

66% of incident TB cases were detected globally (WHO 2012).

Recent prevalence surveys have revealed a considerable burden of

undiagnosed culture positive (that is, detectable with mycobacte-

rial sputum culture) smear-negative TB, and a minority of those

cases report classical symptoms (Ayles 2009; Corbett 2009; van’t

Hoog 2011a; MoH Myanmar 2012). Improving TB case detec-

tion to reduce the pool of infectious TB that contributes to trans-

mission (Corbett 2010) is important to further reduce TB inci-

dence, prevalence and mortality, and reach the goals of TB con-

trol (WHO 2006; Raviglione 2012). Most TB cases are detected

passively, among symptomatic people seeking care (Golub 2005).

Passive case detection results in considerable delay in TB detection.

(Sreeramareddy 2009) and at the time of diagnosis TB patients

identified through passive case detection have more symptoms and

signs of illness compared to patients found through active case

detection (den Boon 2008; van’t Hoog 2013). Thus, a large pro-

portion of patients with infectious TB will go undiagnosed if only

passive case detection is used. More active approaches are needed

to increase case detection, and systematic screening for active TB

is a possible means of achieving this (Raviglione 2012; Lonnroth

2013).

Screening

The Strategic and Technical Advisory Group TB (STAG-TB) rec-

ommends that the World Health Organization (WHO), work-

ing with partners, develops guidelines on TB screening (Stop TB

2011). The WHO has defined screening as “the presumptive iden-

tification of unrecognized disease or defect by the application of

tests, examinations, or other procedures which can be applied

rapidly. Screening tests sort out apparently well people who prob-

ably have a disease from people who probably do not. Screening

tests are not intended to be diagnostic. People with positive or

suspicious findings must be referred to their physicians for diag-

nosis and necessary treatment” (Wilson 1968). For the purpose

of guideline development, TB screening is defined as “systematic

identification, in a predetermined target group, of people with

suspected active TB, by the application of tests, examinations, or

other procedures which can be applied rapidly” and these people

should be tested with a confirmative diagnostic test. Screening

could be offered to both those who seek health care (with or with-

out symptoms or signs compatible with TB) and those who do

not. Screening is offered systematically to predetermined groups,

and not only in response to a specific request or complaint by an

individual seeking care (Lonnroth 2013; WHO 2013). The two

main goals of systematic screening for active TB are (1) better

health outcomes for people with TB, through earlier detection and

treatment; and (2) more effective reduction of TB transmission

and incidence through shortening the average duration of TB in-

fectiousness (Lonnroth 2013; WHO 2013).

Index test(s)

This review focuses on symptom and chest radiography (CXR)

screening. In symptom screening, individuals are questioned about

the presence of one or more symptoms considered suggestive of
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pulmonary TB, which are respiratory symptoms such as persistent

cough and haemoptysis, and systemic symptoms including weight

loss, fever, night sweats and fatigue (Maher 2009). Chest radio-

graphy as a screening tool involves having participants undergo

one posterior-anterior CXR recording. Different technologies ex-

ist: conventional CXR (producing a 36 cm x 43 cm film), digi-

tal radiography and mass miniature radiography (MMR) (Kerley

1942). CXR classification systems may distinguish between any

abnormality versus normal, or among abnormal CXRs only ab-

normalities suggestive of TB may qualify as a positive screen (den

Boon 2006). The latter requires interpretation by specialist readers

(usually radiologists or pulmonologists), while presence for any

abnormality can more easily be interpreted by health workers with

a general medical background (for example, medical officers, clin-

ical officers, radiographers) (WHO 2010; van’t Hoog 2011).

Screening may be done with either symptom or CXR screening,

or with symptom and CXR screening combined in parallel or se-

quentially (Figure 1) (Hayen 2010). Sequential (or serial) screen-

ing means that in the first step people are screened for symptoms,

and as a second step, CXR screening is offered only to symptom

positives. Parallel screening implies that both symptom and CXR

screening are offered, and people found to have symptoms, or ab-

normalities, or both on CXR are eligible for further bacteriolog-

ical examination. This is for example practiced in TB prevalence

surveys in order to have as high sensitivity as possible, while at the

same time avoiding the need for laboratory investigation on all

study subjects (WHO 2010).
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Figure 1.
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Clinical pathway

In a TB screening program, the screening test(s) are offered as part

of a diagnostic algorithm that also includes one or more confir-

matory tests. Individuals with a positive screen are offered further

confirmatory testing to establish a TB diagnosis. True screen pos-

itives are people rightfully referred for confirmatory testing, and

false screen positives are people who are referred for confirmatory

testing while they do not have TB. They may or may not be ruled

out by the confirmatory test. 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 actual finding 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 TB, and

false screen negatives, who will not be evaluated further although

they do have TB. The confirmatory test may be sputum smear mi-

croscopy, the Xpert® MTB/RIF test (Cepheid, Sunnyvale, CA),

and, in more resourceful settings, mycobacterial culture. These are

also reference tests for the purpose of this review. People that have

a negative result of the confirmatory test(s) available in their set-

ting may be started on empirical TB treatment after further clin-

ical evaluation and a trial of broad spectrum antibiotics, or chest

radiography, or both. New reference tests may become available

in the future.

Reference tests

Mycobacterial culture

The main goal of systematic TB screening is early detection of

people who are infectious and can spread M. tuberculosis. For

this condition, confirmation of mycobacterial growth in cultured

sputum followed by mycobacterial speciation to demonstrate M.

tuberculosis presence is considered the reference test. 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)) has been 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% com-

pared to LJ culture, but MGIT culture alone may have slightly

lower specificity due to higher contamination rates (Hanna 1999;

Chien 2000; Somoskövi 2000; Whitelaw 2009). The yield of my-

cobacterial culture also increases if two or three specimens per pa-

tient are tested (Monkongdee 2009).

Sputum smear microscopy

Sputum smear microscopy is the most commonly available TB

diagnostic test. Sputum smear microscopy detects acid fast bacilli

(AFB) presence, which is considered indicative of M. tuberculo-

sis in high TB-incidence settings. Compared to culture, sensitiv-

ity of the Ziehl-Neelsen method (ZN) shows wide variation, and

is between 50 to 70% in a majority of studies (Steingart 2006a;

Steingart 2006b). Direct ZN microscopy specificity is 98% (95%

CI 97 to 99%) (Steingart 2006a; Steingart 2006b; Cattamanchi

2010). Smears may also be positive due to AFBs that are not

M. tuberculosis or to artefacts. Auramine-stained fluorescence mi-

croscopy (FM) sensitivity is on average 10% higher than of ZN,

but with slightly reduced specificity (Steingart 2006a). Processing

sputum by centrifugation and various chemicals, including bleach

and NaOH, show varying levels of increase in the sensitivity of

microscopy compared with the direct smear method, and similar

or slightly lower specificity (Steingart 2006b; Cattamanchi 2010).

Nucleic acid amplification tests (NAAT)

The Xpert® MTB/RIF test (Xpert) is currently the only NAAT

that is endorsed by WHO for large scale deployment (WHO

2011b). Compared to culture, Xpert has 92% sensitivity and 99%

specificity in smear-positive and smear-negative patients combined

in pilot studies (Boehme 2011), and a pooled sensitivity of 88%

(95% CI 83 to 92%) and pooled specificity of 98% (95% CI 97 to

99%) in a systematic review (Steingart 2013) and is an acceptable

reference test.

Other

Other types of active TB are extra-pulmonary TB (EPTB), a condi-

tion that may affect almost every other organ and constitutes 13%

of new TB cases in all ages globally (WHO 2012), and culture-

negative active pulmonary TB, characterized by clinical disease

and highly suggestive CXR abnormalities not explained by other

causes (Maher 2009). Clinical diagnosis and start of empirical TB

treatment, is commonly practiced in settings where mycobacterial

culture is not part of routine diagnosis for people with suspected

pulmonary TB who have negative sputum smears. Clinical algo-

rithms that include trial of antibiotics and a CXR if the trial was

not successful have generally very low sensitivity, while diagnosis

based on CXR has low specificity (van Cleeff 2003; Soto 2011;

Swai 2011). In this review, we do not consider clinically diagnosed

TB as an acceptable reference test because of the lack of a uniform

definition, poor and variable accuracy of clinical algorithms, and

the varying ability to establish differential diagnostic causes across

settings. EPTB and culture-negative active pulmonary TB may be

detected earlier through active screening especially in high income

countries, but are not a primary focus of active screening in other
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settings due to diagnostic challenges and low probability of trans-

mission. Also, we do not consider serological tests, which are not

recommended for TB diagnosis (Steingart 2007), and other tests

that are not endorsed by WHO for TB diagnosis as reference tests

for this review.

Rationale

This review aims to contribute to the development of TB screening

guidelines which seek to provide guidance about if, when, whom

and how to screen (WHO 2013). We will compile evidence about

the accuracy of the most available screening tools, and if possible

generate summary estimates of the sensitivity and specificity of

symptoms, chest radiography (CXR) and combinations of those if

used as TB screening tools. The accuracy of the screening tools and

the confirmatory tests, as well as the TB prevalence in the screened

population, will determine the potential yield of a screening pro-

gram and the burden on individuals and the health service. The

latter includes the required amount of confirmatory tests and pos-

sibly diagnostics and care for other conditions. In practice, screen-

ing initiatives may face lower yields if not all eligible individuals

accept screening or confirmatory testing, or if some of the people

diagnosed with TB as a result of the screening program do not

initiate treatment. The literature on those challenges is summa-

rized in other reviews (Lonnroth 2013; Kranzer 2013). The TB

screening guidelines aim to provide guidance to decision-makers

on the choice of diagnostic algorithms (combinations of one or

more screening test(s) and confirmatory test(s)) in different pop-

ulations and settings (Lonnroth 2013; WHO 2013). Therefore

the yield, positive and negative predictive value, and requirements

in terms of diagnostic tests of different diagnostic algorithms will

be calculated for different levels of TB prevalence as part of the

guideline development process. This information should help de-

cision-makers choose the best diagnostic algorithm option for their

specific setting, taking into account the TB prevalence, resource

availability and logistical aspects (for example, availability of X-

ray or Xpert equipment). The pooled estimates of sensitivity and

specificity of symptom and CXR screening from this review will

inform these calculations and recommendations.

This review includes TB screening of HIV-negative people and

people with unknown HIV status (a proportion of whom may be

HIV-infected). In regions with a generalized HIV-epidemic, the

risk of developing active TB is 20 to 37 times greater in the pres-

ence of HIV-infection (Getahun 2010), and mortality in HIV-

infected TB patients is high (Cox 2010; Kyeyune 2010). The sen-

sitivity of sputum smear microscopy and Xpert is lower in HIV-

infected individuals with presumed TB (Getahun 2007; Boehme

2011). Therefore people living with HIV should be systematically

screened for active TB at each visit to a health facility, as outlined

in the guidelines for intensified TB case-finding and isoniazid pre-

ventive therapy for people living with HIV in resource-constrained

settings (WHO 2011a). Individuals with a known HIV-positive

status should be referred for HIV-care and treatment if they are not

yet enrolled. For those clinic settings, screening algorithms have

already been defined based on a recent systematic review to deter-

mine a screening rule in HIV-infected people (Getahun 2011).

O B J E C T I V E S

To assess the sensitivity and specificity of questioning for presence

of one or more selected symptoms, or symptom combinations, or

both; chest radiography; and combinations of those as screening

tools for detecting bacteriologically confirmed active pulmonary

TB in people considered eligible for TB screening who are HIV-

negative or whose HIV-status is unknown.

Secondary objectives

If data allow, we will investigate heterogeneity in relation to:

• background epidemiology (prevalence of pulmonary TB

and of HIV among the study population);

• risk groups targeted (for example, migrants, occupational,

prisoners, or the general population);

• reference standard (culture, Xpert, smear microscopy);

• screen test definition;

• representativeness of the study design and population for

intended screening practice (inclusion of people without any

symptoms or CXR abnormalities);

• study participants characteristics (age, sex and HIV status);

• geographic area and economic region.

In the investigation of heterogeneity we intend to stratify for com-

binations of risk groups or specific populations and background

epidemiology, that is, at different levels of TB prevalence among

the screened population.

We do not intend to do a formal comparison of the accuracy of

screening tests as part of this review. As part of the TB screening

guideline development process, we will compare diagnostic algo-

rithms as described above.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include cross-sectional studies or observational cohort

studies where a series of participants are tested with symptom
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screening, or chest radiography screening, or both, and the refer-

ence standard, or where participants are randomized to different

screening tests and all participants are verified by the same refer-

ence standard. Also we will include studies conducted as part of

a baseline of a cohort or randomized trial. In randomized studies

comparing screening strategies, we will regard each arm as a sep-

arate cohort. Case control studies will not be included because of

their high risk of bias in diagnostic accuracy studies (Rutjes 2006).

Studies that collect data on one or more (potential) screening tools

and also evaluate participants with a negative screen by a reference

standard are not often conducted due to intense resource require-

ments. Studies with the primary objective of evaluating the accu-

racy of a screening tool are rare. Therefore we will not restrict the

search and inclusion to ’screening studies’ but will also look for

studies that have a different primary objective but can potentially

provide data that are relevant for our purpose. This applies, for

instance, to community TB prevalence surveys for which the pri-

mary goal is measuring prevalence. We will include participants

from these studies that are screened for symptoms, or abnormali-

ties on CXR, or both, and are offered confirmatory testing. Also,

baseline measurements of a TB incidence cohort or intervention

trial in which people with prevalent TB need to be excluded at

baseline may provide useful data for our purpose.

We will only include studies from which diagnostic two-by-two

tables can be generated for a specific screen (symptom definition

or chest radiography finding), that is, studies that report data from

which we can extract true positives (TP), true negatives (TN), false

positives (FP) and false negatives (FN). We will include studies in

which not all participants are subjected to the reference standard.

This applies to TB prevalence surveys whereby it is assumed that

people without symptoms and without CXR abnormalities do not

have active TB. The issue will be addressed in the quality rating

(QUADAS-2 domain 4: Flow and timing).

We will exclude studies in which screening is applied, but the

number of TB cases identified is zero. For cohort studies, we will

only consider TB cases that were identified from investigations

initiated at the time the screening was applied. Incident cases that

arise after the screening will not be considered, unless the study

evaluates screening methods to identify the incident cases, such as

screening was applied at the time of case identification.

In this review, we will only include studies published in the past

20 years (from 1992 onwards) because from that timepoint on-

wards, the directly observed therapy (DOTS) strategy was imple-

mented which has led to improvements in passive case detection

and standardized treatment (Dye 1998). Prior to DOTS, case de-

tection was generally lower and any screening would result in pre-

dominant detection of people with more advanced TB disease.

Since this epidemiological situation differs from the current situ-

ation, the results from older studies are not as relevant. Moreover,

older studies frequently screened using MMR which is rarely used

nowadays and has lower sensitivity compared to standard chest

radiography (Kerley 1942).

Participants

Included participants will be individuals eligible for systematic

screening and not known to have active TB at the time of screen-

ing. We will include all types of populations, so study populations

may vary from the general population in an area with high TB

rates (for example, in mass case finding or TB prevalence surveys)

to specific target populations with much higher TB prevalence

than the general population. Examples of specific populations are

studies that target family members of a patient diagnosed with TB,

studies in homeless populations, as well as studies about screen-

ing for immigration or occupational purposes (for example, in

goldminers) where the goal may be to exclude people with active

disease rather than early disease detection. We will include stud-

ies that screened participants for the first time or only once, as

well as reports from populations enrolled in longitudinal screening

programs with repeated rounds at predetermined intervals. These

differences may affect the interpretation of a symptom or CXR

screen and will be treated as a potential source of heterogeneity.

We expect to report on the accuracy of screening tools in different

populations subgroups.

The review will focus on adults (15 years and older) and include

studies that combine adults and children if adults are a majority.

We will exclude studies focusing on young children (0 to 5 years

old) or paediatric TB only because the clinical presentation of TB

in young children differs from the presentation in adults and older

children. Extrapulmonary disease is more common. If the lungs are

affected, young children more often have paucibacillary disease,

and obtaining sputum is difficult. In children, clinical presentation

including CXR findings are often part of the reference standard

(Graham 2012; Luabeya 2012). We will exclude studies of HIV-

infected people only, since this review covers TB screening of HIV-

negative people and people with unknown HIV status.

We will exclude studies that evaluate 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 TB investigations according

to regional or global guidelines for passive case detection (AARC

1993; Migliori 2006; WHO 2010a). We will include studies in an

out-patient context among people who would not be considered a

presumed TB case by such guidelines (for example, attendants of

diabetic clinics, antenatal clinics). Prevalence surveys where people

already on TB treatment who still have bacteriologically positive

TB are also considered a case will be included and described, since

the proportion of identified cases to whom this applies is usually

small (Hoa 2010; van’t Hoog 2011a).

Index tests

For symptom screens, we will select studies that evaluate one or

more author-defined symptoms or symptom combinations, and

include all reported screens for data extraction and basic descrip-

tion.
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For CXR screening we will include studies that used conventional

radiography (such as, 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 will exclude studies using MMR only, since this

method is not expected to be used for future screening purposes

and has generally lower sensitivity compared to conventional or

digital radiography. With respect to the classification of abnormal-

ities, we will include all author-defined classification systems.

We expect that prolonged cough, cough of any duration and any

one out of a number of TB symptoms will be commonly reported

symptom screens, and any CXR abnormality or abnormalities sug-

gestive for TB the most common CXR screens. We will also in-

clude other symptom screen definitions or CXR classifications,

and summarize them if they are reported in several studies and are

sufficiently different from the ones already mentioned.

For screening programs, accuracy estimates of CXR screening may

be informative separated for (i) the entire target population, and

(ii) populations that are pre-screened with symptoms. Therefore

we will include studies that report the accuracy of CXR in a popu-

lation that was prescreened with symptoms, without reporting re-

sults on the accuracy of the symptom screening tool (for example,

if first all people with a cough were selected, and the accuracy of

CXR is only evaluated in this pre-selected group). In the analysis,

we will consider studies evaluating CXR screening in a population

in which there has been pre-screening with symptoms a subgroup,

since there may be relevance in accuracy estimates of CXR as a

second screen in a sequential screening algorithm. In such an al-

gorithm, people would first be offered symptoms screening, and

if positive, CXR screening. If the CXR screen is also positive, con-

firmatory testing would be offered.

Target conditions

The target condition of TB screening is infectious pulmonary TB,

characterized by the presence of M. tuberculosis in sputum. Studies

that perform sputum culture on an entire population usually iden-

tify some people with a single positive sputum culture or smear

at one point in time without any symptom or CXR abnormal-

ity. This may reflect an early stage of infectiousness along the TB

spectrum but may however also reflect transient primary MTB

infection or laboratory cross contamination (Corbett 2009; Lewis

2009).The latter two are not primary targets of screening programs

and inclusion as a TB case in a screening tool evaluation would

underestimate the sensitivity of the screening tool. To avoid the

latter two, we will define the target condition as bacteriologically

confirmed pulmonary TB with some suggestion of active disease,

for example, a symptom, CXR abnormality or repeated positive

sputum bacteriology or both. We will include studies that in their

definition of a bacteriologically positive TB case allow for the in-

clusion of people with one positive sputum culture or smear or

Xpert only but without symptoms or CXR abnormalities, since

the proportion of such cases is likely small and it may not be fea-

sible to exclude them from the accuracy calculations. We will rate

such studies differently in the assessment of methodological qual-

ity (Appendix 1) and exclude studies evaluating tests to investigate

for the presence of latent TB infection only.

Reference standards

The reference standard is defined as any author-defined combi-

nation of mycobacterial culture (on solid or liquid medium), or

sputum smear microscopy, or Xpert or other NAATs. In the qual-

ity rating we will consider a number of bacteriological reference

standards as equal, and of sufficient quality: 1) mycobacterial cul-

ture followed by mycobacterial speciation; 2) Xpert and 3) two

positive smears but only in studies where participants were tested

with sputum smear and culture and a small proportion (
<

= 10%)

of cases is defined based on two positive smears but contaminated

or negative or missing culture results. We will include studies that

use smear microscopy only as the reference standard, but consid-

ered at risk of bias in the QUADAS-2 tool (domain 3 - Reference

standard), and be analysed as a subgroup. We will consider the

(possible) inclusion among the TB cases of some people who had

one positive sputum culture, or Xpert, or smear at one point in

time without any symptom or CXR abnormality or confirmation

at a second time point as an applicability concern, as explained

above. Studies in which not all participants received the reference

standard will be included and we will address the methodologi-

cal limitation in the quality rating and analysis.This is a common

design in TB prevalence surveys (WHO 2010) whereby it is as-

sumed that people with a negative symptom screen and a negative

CXR screen do not have TB. Bias from this assumption is likely

small if a wide range of CXR abnormalities and symptoms is used

for screening. If only prolonged cough and TB suggestive CXR

abnormalities are used to screen, the proportion of TB cases iden-

tified in such surveys overestimate sensitivity and reflect a yield

rather than sensitivity. The estimate of specificity from prevalence

surveys with partial verification bias from this type of design is

however still reliable, due to the large numbers of TB-negatives

in prevalence surveys. We do not consider incorporation bias an

issue because the reference standard requires evidence from micro-

biological tests, and cannot be based on symptoms, or radiograph

findings, or both, alone.

Search methods for identification of studies

Electronic searches

We will search the data bases MEDLINE, EMBASE, LILACS

and HTA (Health Technology Assessment) from 1992 to 2013 to

identify titles and abstracts of peer-reviewed papers using search

terms listed in Appendix 2. We will include combinations of three
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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”, “mi-

croscopy” (Appendix 2). To identify all possible studies, we will

not use a diagnostic search filter.

Searching other resources

We will check reference lists of relevant reviews and studies, search

websites of the WHO Stop TB department, and ask experts for

relevant studies and still unpublished reports. Unpublished reports

will be included if permission is granted by the investigators. We

will perform forward and backward reference checking of the se-

lected studies.

Data collection and analysis

Selection of studies

We will include studies using broad inclusion criteria: (i) the pub-

lication was original research; and (ii) titles, abstracts, or key words

suggested that symptom or CXR screening, or active case finding

for TB took place in humans and data to determine accuracy of

a screening tool may be available. Two authors will review all ti-

tles and abstracts for eligibility. Studies will be included if they

meet the inclusion criteria. There will be no language restriction.

We will develop a database of all articles, including full references

and abstracts, in Reference Manager (v12) (Reference Manager

12). We will obtain full text articles of these studies and two au-

thors will assess for study eligibility using the predefined inclusion

and exclusion criteria. The authors will resolve any disagreements

through discussion and, if necessary, with a third author.

Data extraction and management

We will develop a data-extraction form. To pilot the form, two

independent reviewers (AvH and ML) will extract a set of data

from a few studies. Based on the pilot, we will finalize the extraction

form. One author will extract all relevant data from the included

studies. A second author will check the data extraction. The two

authors will discuss inconsistencies to obtain consensus. We will

resolve any disagreements through either consensus or by a third

author. We will enter data into Microsoft Excel (Excel) through a

data entry screen.

The data extraction will include the following characteristics:

• Authors, publication year, journal;

• Details of study: participant’s country of residence (and

classify country according to economic region - low versus

middle versus high income); setting, including risk group

(occupational, general population, immigrants, mass screening),

urban or rural; study design; method of participant selection;

number of participants enrolled; number of participants for

whom results were available;

• Study participants: age, sex, HIV-status, history of TB, %

of smokers. On age we should record the mean+sd/median age

and age range of the population included in the analysis. If

results are presented for different age groups will we extract those

as well. Similar for sex. On HIV-status: record the proportion of

the population with known HIV-status, and % with positive

HIV-status. Also add the (estimated) background HIV-

prevalence in the study population, either from the publication

or search from the UNAIDS reports. On history of TB: record

proportion with history of TB, if available;

• First or one-off screening versus repeated screening at

regular intervals. If the latter, we will record whether the same

participant is included more than once in the analysis;

• Prevalence of target condition (pulmonary TB, smear-

positive, bacteriologically-positive) in the population. In

addition, we will also record (1) the TB 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 section of the publication or search

elsewhere; and (2) a measure of case detection (the patient

detection rate, if known or can be calculated, or the case

detection rate). In areas with poor case detection, one finds more

cases of advanced TB disease during active case detection, which

affects the sensitivity of the screening tools;

• Stage of infection: proportion of the true TB 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 TB cases

included in the report who were already on TB treatment at the

time of screening;

• Reference standard: culture and type of medium (solid or

liquid), microscopy and type (light or fluorescence), Xpert;

number of samples per individual tested, number of positive

samples required for positive diagnosis, definition of positivity

(including number of colonies, speciation method, smear

grading), other criteria included in reference standard. We will

also include an exact narrative of the definition and record the

definitions of the classifications for each included publication;

• Index tests: For all reported screens or screen combinations

that are meaningful we will extract the definition of symptom

screen; total number of symptoms asked for; radiography:

equipment type (conventional, digital, MMR), CXR

classification system (any abnormality, suggestive of TB - if so,

what is the definition);

• The definitions of the classifications for each included

publication, type of reader (expert, radiologist, or pulmonologist;

general medical officer; clinical officer; nurse; radiographer;

other);
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• QUADAS-2 items (Appendix 1);

• Details of outcomes: the number of true positives (TP),

true negatives (TN), false positives (FP), and false negatives

(FN); number of participants missing or unavailable test results.

If the analysis was adjusted for cluster sampling in the original

report and results in wider confidence intervals (CIs) of a screen,

we will extract the reported point estimate and CIs.

Assessment of methodological quality

Two reviewers will assess the methodological quality of included

studies using the modified Quality Assessment of Diagnostic Ac-

curacy Studies (QUADAS-2) instrument (Reitsma 2009; Whiting

2011). The tool with signalling questions tailored to this review

is in Appendix 1. We will assess each of the four domains - pa-

tient selection, index test(s), 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’s research question.

We do not consider incorporation bias to be an issue because the

reference standard requires evidence from microbiological tests,

and cannot be based only on symptoms, or radiograph findings,

or both.

We will classify each item as ’yes’ (adequately addressed), ’no’ (in-

adequately addressed), or ’unclear’ when insufficient data are re-

ported to permit a judgment. The data extraction form includes

criteria for those scores. We will resolve any disagreements through

consensus or through discussion with a third author. We will

present results in text and graphs.

Statistical analysis and data synthesis

We will first report the studies identified for inclusion in the anal-

ysis according to the number of studies found in different target

populations, levels of TB prevalence and screen category. We will

base the decision for which categories to collapse on the number

of studies and screen definitions found in each category. Although

this may potentially result in a large number of subgroups, in prac-

tice we expect that results will be retrieved for only a limited num-

ber of combinations.

Screen definitions

We will categorize the reported symptom screens into at least two

symptom screen definitions:

1. One of the symptom screens will focus on cough, for

example, cough for two or more weeks. Prolonged cough is an

important component of the definition of presumed TB in

clinical guidelines (Migliori 2006). Closely related screens, for

example prolonged productive cough, will be included in this

category unless there are sufficient studies to do a separate

analysis. At the data extraction stage we will record the exact

definition of the reported screen.

2. Presence of at least one symptom positive out of a

combination of at least three screening questions that, in

addition to cough, also includes systemic symptoms such as

fever, night sweats, and weight loss (Getahun 2011).

We will include more definitions of symptom combinations if they

are frequently reported, are well defined and well distinguishable

from the two symptom screen definitions given above.

Similarly, we will subdivide CXR screens by classification system,

or type of reader, or both, if there are sufficient data to do so.

At a minimum we will distinguish between any abnormality and

abnormalities suggestive of TB or consistent with TB unless the

heterogeneity in classification systems applied is too large. We

do however expect heterogeneity regardless of the classification

system because of inter-reader variation (den Boon 2005; van’t

Hoog 2011).

We will subdivide the reference standards used for subgroup anal-

ysis according to assessment of evidence quality, We will distin-

guish between culture, culture and smear combined, or Xpert only,

versus smear microscopy only. Since we expect a small number of

eligible studies that apply Xpert only (or other NAATs), we will

explore the effect of excluding those in sensitivity analyses.

Diagnostic two-by-two tables will be generated, from which we

will calculate sensitivities and specificities for each index test with

95% CIs and present in paired forest plots for each study. In addi-

tion, we will use a Receiver Operating Characteristic (ROC) plot

of sensitivity versus 1-specificity to display the data for each test.

If studies show sufficient clinical homogeneity (for example, same

index test, similar definition of the target condition or reference

standard, similar screening population), we will perform meta-

analysis of pairs of sensitivity and specificity by the use of bivariate

random-effects methods (Reitsma 2005). The bivariate model is

preferred because we deal with binary decisions for which an im-

plicit threshold is assumed. We will develop the bivariate model

in SAS® (SAS) or the Stata® (Stata) metandi command.

For some subgroups or screen definitions we may not be able to

give meaningful summary estimates of sensitivity and specificity.

We will evaluate them using descriptive methods.

Investigations of heterogeneity

We will examine the forest plots and ROC plots for heterogeneity.

If the data allow, we will analyse potential determinants or sources

of heterogeneity as covariates in the models. We will include the

following covariates, where appropriate:

• TB prevalence;

• Risk groups or subpopulations targeted, and combinations

of those;

• First time versus repeatedly screened population; pre-

screened;

• HIV-status (focus on HIV-negative), or background HIV-

prevalence in study population;

• Age;
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• Smoking prevalence;

• Reference standard (culture, Xpert or smear microscopy);

• Screening test definition consistency (duration of

symptom(s); number of symptoms included; which CXR

abnormalities are considered suggestive of TB);

• Representativeness of the study population for intended

screening practice (inclusion of people without any symptoms or

CXR abnormalities);

• Geographic area and economic region.

Sensitivity analyses

To explore whether the results we find are robust for method-

ological challenges, we will perform a sensitivity analysis of the

QUADAS-2 domains. We will assess the sensitivity of results to

the inclusion and exclusion of studies with quality concerns.

Assessment of reporting bias

We will not assess reporting bias in the included studies.

Quality of the evidence

We will assess the quality of the evidence using the GRADE

methodology (Schünemann 2008).
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A P P E N D I C E S

Appendix 1. QUADAS-2 tool

Key questions Signaling questions

Domain 1: Patient selection

Risk of bias: Could the selection of patients have introduced 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 included 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.

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 concerns that the included patients 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 screening TB

screening program in practice;

• Low concern: if the study population does resemble a

population that would be considered for a screening TB

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 standard?

• Yes: if the screening test was performed without knowing

whether the person had infectious TB.

• No: if symptom questions were asked after the results of the
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(Continued)

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 concerns that the index test, its conduct

or its interpretation differ from the review question?

• 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 reference standard, its conduct or its in-

terpretation have introduced 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, 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, 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 knowl-

edge 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;

• Unclear: if insufficient information is provided to decide.

Applicability: Are there concerns that the target condition as de-

fined by the reference standard does not match the question?

• High concern: if there was a high probability that a

considerable proportion of the TB cases identified in the study

did not have bacteriologically confirmed TB or did not have

active TB;

• Low concern: (i) if the TB cases in the study have TB

symptoms or CXR abnormalities 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
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(Continued)

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 TB cases in the study could include people with one positive

sputum culture or Xpert, 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.

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.
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(Continued)

25 or/1-24

26 (case adj finding).ti,ab.

27 screen*.ti,ab.

28 Mass Screening/ or Mass Chest X-ray/

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.
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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.

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

We will use the same approach for the EMBASE and LILACS searches.
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