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Preface

The End TB Strategy puts renewed emphasis on the need to ensure early and correct diagnosis for all
people with tuberculosis (TB) (7). Important progress has been made in improving laboratory services in
recent decades. New bacteriological tests for TB diagnosis have become available and their use is now
being scaled up (2, 3). Efforts have been made to ensure that people who seek care and have symptoms
consistent with TB are correctly triaged and evaluated for TB. Systematic screening for active TB in high-
risk groups is being implemented and scaled up in several places (4, 5). However, despite these efforts,
many people with TB remain undiagnosed or are diagnosed only after long delays (6).

Chest radiography, or chest X-ray (CXR), is an important tool for triaging and screening for pulmonary TB,
and it is also useful to aid diagnosis when pulmonary TB cannot be confirmed bacteriologically. Although
recent diagnostic strategies have given specific prominence to bacteriology, CXR can be used for selecting
individuals for referral for bacteriological examination, and the role of radiology remains important when
bacteriological tests cannot provide a clear answer. Access to high-quality radiography is limited in many
settings. Ensuring the wider and quality-assured use of CXR for TB detection in combination with laboratory-
based diagnostic tests recommended by the World Health Organization (WHO), can contribute to earlier
TB diagnosis and potentially to closing the TB case-detection gap when used as part of algorithms within
a framework of health-system and laboratory strengthening.

This document summarizes WHO'’s recommendations on using CXR for TB triaging, diagnosis and screening.
It also outlines a framework for the strategic planning and use of CXR within national TB programmes
(NTP). Moreover, the document provides a brief overview of technical specifications, and quality assurance
and safety considerations for CXR. However, because these technical aspects are generic and should be
addressed as part of the general strengthening of radiography and imaging services, this document does
not go into technical details. General radiography guidance is provided elsewhere (7-11).

The document focuses on CXR, with a major emphasis on detecting pulmonary TB. CXR can be useful for
diagnosing other forms of TB (for example, miliary or pericardial TB, or tuberculous effusions) and other
imaging techniques are also valuable for TB diagnosis, for example, for extrapulmonary TB, but these
topics are not discussed in this document.

The document is mainly intended for NTPs and partners helping with the planning and implementation of
national TB care and prevention efforts. It is not intended to be a clinical guide. The recommendations and
principles that are summarized in this document need to be adapted to each setting’s TB epidemiology
and health-system capacity.
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Development process

A steering group was established in January 2016, which advised WHO on the scope and content of this
document. The members of the steering group were Faiz Ahmad Khan, Sevim Ahmedov, Frank Cobelens,
Jacob Creswell, Claudia Denkinger, Christopher Gilpin, Michael Kimerling, Knut Lonnroth, Cecily Miller,
YaDiul Mukadi, Ikushi Onozaki and Madhukar Pai.

After consultation with WHO’s Guideline Review Committee, it was determined that the document is not
a new guideline but a summary of existing WHO recommendations. Therefore, it did not need to follow
WHQO’s guideline development process.

All major WHO publications about TB were reviewed for their relevance to the use of CXR in screening for,
triaging and diagnosing TB. Recommendations across all documents were compiled and summarized.
An accompanying framework for strategic planning for using CXR within NTPS was developed based on
experts’ opinions.

No systematic literature review was undertaken during the development of this document. The evidence
base for the statements made in this document is the same as for those in the cited WHO guidelines and
policy frameworks.

Scenarios for the yield of TB (true positive/true negative and false positive/false negative) for different
triaging algorithms were modelled using the ScreenTB tool (72) to illustrate how the different placement
of CXR in an algorithm influences yields and costs under different epidemiological scenarios. The model
outputs that are included in this document should not be used for forecasting TB detection, but are included
merely to demonstrate how variations in algorithms influence TB detection and costs. Readers are advised
to develop setting-specific scenarios based on the local TB epidemiology and the best data about test
accuracy and costs.

A first draft was completed in July 2016 and was circulated to experts (see below) for peer review. Based
on comments from the peer review, a second draft was prepared ahead of a global consultation held
during 28-29 September 2016. The consultation provided additional inputs on the draft document, and the
documented was thereafter finalized.
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Abbreviations

AFB acid-fast bacilli

CAD computer-aided detection

CXR chest X-ray or chest radiography

HIV human immunodeficiency virus

LTBI latent tuberculosis infection

MTB Mycobacterium tuberculosis

NTP national tuberculosis programme

PICO population, intervention, comparator, outcome
QUADAS Quality Assessment of Diagnostic Accuracy Studies
SSM sputum-smear microscopy

B tuberculosis

WHO World Health Organization

Definitions

Bacteriologically confirmed TB case: A bacteriologically confirmed case of TB is one from whom a
biological specimen tests positive by smear microscopy, culture or WHO-recommended rapid diagnostic
(such as the Xpert MTB/RIF assay). All such cases should be notified, regardless of whether TB treatment
has started (73).

Clinically diagnosed TB case: A clinically diagnosed case of TB is one who does not fulfil the criteria
for bacteriological confirmation but has been diagnosed with active TB by a clinician or other medical
practitioner who has decided to give the patient a full course of anti-TB treatment. This definition includes
cases diagnosed on the basis of abnormalities seen on X-ray or histology suggestive of TB, and
extrapulmonary cases without laboratory confirmation. Clinically diagnosed cases subsequently found to
be bacteriologically positive (before or after starting treatment) should be reclassified as bacteriologically
confirmed (73).

Systematic screening for active TB: is the systematic identification of people with suspected active TB in
a predetermined target group, using tests, examinations or other procedures that can be applied rapidly
(4). Unlike evaluations of those who actively seek care for respiratory symptoms (known as triaging), the
systematic screening of individuals for TB is typically initiated by a provider and offered in a systematic way
to an apparently healthy target group that has been determined to have a high risk of TB.

Triaging: For the purpose of this document, triaging is defined as the processes of deciding the diagnostic
and care pathways for people seeking healthcare, based on their symptoms, signs, risk markers and test
results. Triaging involves assessing the likelihood of various differential diagnoses as a basis for making
clinical decisions. It can follow more- or less-standardized protocols and algorithms and may be done in
multiple steps.
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1. INTRODUCTION

1.1 Medical imaging

Medical imaging uses different modalities and processes to image the internal structures of the human
body for diagnosis and treatment. Imaging has an important role in healthcare for all population groups.
In public health and preventive medicine, as well as in both curative and palliative care, effective clinical
decisions depend on correctly screening, triaging and diagnosing patients. The use of imaging services
is paramount in correctly screening, confirming and documenting the course of many diseases. With the
improved availability of medical equipment, global access to medical imaging has increased considerably,
but is still insufficient in many settings (74). Medical imaging is a key element within many evidence-based
clinical decision-support algorithms, consistent with overarching evidence-based recommendations for
disease management (74). As such, medical imaging should be accessible to all and should not be
exclusively a hospital service (15).

1.2 Radiography

Radiography uses X-rays to visualize the internal structures of a patient. X-rays are a form of electromagnetic
radiation produced by an X-ray tube. The X-rays pass through the body and are captured behind the patient
by film that is sensitive to X-rays or by a digital detector. Different tissues in the body vary in their absorption
of X-rays: dense bone absorbs more radiation, but soft tissue allows more to pass through. This variance
produces contrasts within the image to give a two-dimensional representation of the three-dimensional
structures. As a result, the X-ray image often includes overlapping structures. A thorough knowledge of
anatomy is needed to identify an abnormality on an X-ray and understand where it is in the body. Common
clinical applications include imaging the chest to assess lung and intrathoracic pathologies; imaging the
skeletal system to examine bone structures and diagnose fractures, dislocations or other bone pathologies;
imaging the abdomen to assess obstructions or free air or fluid within the abdominal cavity; or imaging the
teeth to assess common dental pathologies, such as cavities or abscesses (74).

1.3 Chest X-ray for detecting TB

Chest X-ray (CXR) is a rapid imaging technique that allows lung abnormalities to be identified. CXR is used
to diagnose conditions of the thoracic cavity, including the airways, ribs, lungs, heart and diaphragm.

CXR has historically been one of the primary tools for detecting tuberculosis (TB), especially pulmonary
TB. CXR has high sensitivity for pulmonary TB and thus is a valuable tool to identify TB as a differential
diagnosis for patients, especially when the X-ray is read to identify any abnormality that is consistent with
TB. However, CXR has poor specificity; although some CXR abnormalities are rather specific for pulmonary
TB (for example, cavities), many CXR abnormalities that are consistent with pulmonary TB are seen also in
several other lung pathologies and, therefore, are indicative not only of TB but also of other pathologies.
Moreover, there is significant intra- and interobserver variation in the reading of CXRs. Relying only on CXR
for TB diagnosis leads to overdiagnosis, as well as underdiagnosis (76). Rigorous efforts should always
be made to base a TB diagnosis on bacteriological confirmation (sputum-smear microscopy, culture
or a molecular test). WHO classifies TB diagnosis into bacteriologically confirmed TB, if it is based on
bacteriological confirmation, or clinically diagnosed TB, if it is based on clinical assessment including CXR,
but is not confirmed by bacteriological examination (73).
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1.4 Overview of the use of chest X-ray in WHO’s policies and guidelines

For many years, WHO has recommended CXR as a diagnostic tool to be used as a complementary part
of the clinical diagnosis of bacteriologically negative TB. As such, CXR has previously been placed at the
end of diagnostic algorithms. WHQO’s 2003 treatment guidelines for national programmes and the guideline
on diagnosing smear-negative pulmonary TB from 2007 recommended that CXR be used after: (i) initial
negative bacteriological testing, (ii) a course of broad-spectrum antibiotics and (i) a second negative
round of bacteriological testing (77, 18). However, CXR was recommended to be used directly after initial
negative bacteriological testing to diagnose TB in people living with HIV or AIDS and in those considered
to be at high risk of HIV infection(78). The 2008 handbook for national tuberculosis control programmes
(19), as well as the third edition of the International standards for tuberculosis care in 2014 (20), suggested
a more flexible approach, with the possibility of using CXR directly after an initial negative bacteriological
test, and not just for people living with HIV.

None of these guidelines placed CXR as a triage test before bacteriological testing. However, none of
the guidelines specifically recommend against using CXR for triaging or diagnostic evaluation of TB,
and they emphasized that whenever CXR has been done and shows abnormalities consistent with TB, a
bacteriological test for TB must always be performed.

All the above-mentioned documents emphasized that using CXR to diagnose TB is problematic, given
that CXR has low specificity and significant interobserver variation. Moreover, poor access to high-quality
radiography equipment and expert interpretation, along with the widespread use of low-quality radiography,
were identified as additional barriers for promoting large-scale programmatic use.

Recently, however, CXR has been promoted as a useful tool that can be placed early in screening and triaging
algorithms. An important reason for rethinking the role of CXR in screening and diagnostic algorithms is
that numerous national TB prevalence surveys have demonstrated that CXR is the most sensitive screening
tool for pulmonary TB and that a significant proportion of people with TB are asymptomatic, at least early
in the course of the disease (see Annex 2) (21). Other factors that have contributed to CXR becoming an
increasingly accepted part of programmatic approaches to TB care and prevention include:

* the increased availability of radiography, including digital radiography with its lower running costs
and highly portable systems for field use, better image quality and better safety (due to decreased
radiation dose) than conventional radiography, as well as possibilities for use for telemedicine;

* the documented rapidity of results and high throughput capacity, especially of digital CXR;

* a gradual shift from strictly prioritizing the diagnosis of the most infectious TB cases (that is,
bacteriologically confirmed TB, especially sputum smear-positive TB, in persons with persistent
cough) to programmatic targets in line with a rights-based vision of universal access to high-quality
diagnosis for all people with all forms of TB as well as concern with diagnosis of other lung diseases;

* the increasing availability of rapid molecular tests with higher sensitivity and specificity than sputum-
smear microscopy which allows for higher diagnostic accuracy among people with CXR abnormalities
consistent with TB (and, thus, reduces the risk of overdiagnosis). Moreover, available molecular
tests have significantly higher costs than sputum smear microscopy, which often necessitates a
method of triaging of patients for evaluation for TB.
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The limitations of, and recent advances in, CXR are summarized in Box 1.

BOX 1. Limitations of and advances in chest X-ray (21)

The main limitations associated with using chest X-ray include:

* it produces two-dimensional representations of a three-dimensional structure;

* there is intrareader and interreader variability;

* no abnormalities are definitive of TB, therefore the specificity is low;

* auniversally accepted reporting system is lacking;

* patients are exposed to ionizing radiation;

* special equipment (with adequate input power) is needed;

* trained personnel are required to operate the machine and interpret the results;
* there is often limited access in rural areas; access is often limited to district or regional levels;
* there is limited archiving of hard copies;

» out-of-pocket costs for patients are often high.

Recent advances in digital chest X-ray technology include:

* lower operating costs;

* improved and more reproducible image quality with enlargement capability;

* a decreased radiation dose;

* improved portable systems that can be used for mobile units;

 efforts to harmonize interpretation and reporting;

 the potential of objective tools for interpretation of digital images, such as computer-aided detection;

* better (digital) archiving facilities;

« film processing equipment and hard copies no longer required;

* the possibility of electronically transmitting images (for example, for telemedicine or quality assurance).

The importance of CXR is reflected by the recommendations about using CXR for screening, triaging and assisting in
the diagnosis of TB that have been included in recent policies developed or endorsed by WHO, including:

» Systematic screening for active tuberculosis: principles and recommendations (4)

* Guidance for national tuberculosis programmes on the management of tuberculosis in children (22)

* Tuberculosis prevalence surveys: a handbook (21)

» Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection (23)

* the implementation manual for the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, United States) (3)

* International standards for tuberculosis care, third edition (20)

* Guidelines on the management of latent tuberculosis infection (24).

Box 2 summarizes the recent recommendations from WHO.

However, despite the demonstrated utility of CXR and multiple WHO recommendations about when and
how to use it, the programmatic and rational use of CXR for TB detection remains limited. The lack of
consolidated programmatic guidance is one possible reason, hence the need for this document. Also
contributing to its restricted use are the limited availability of radiography in some regions (including a
lack of systems and incentives to keep X-ray machines operational), constraints on human resources,
insufficient training (including qualification programmes and post-graduate training), a lack of quality
assurance programmes and, often, high out-of-pocket costs for patients.

In the following chapters, the options for using CXR for different elements of TB detection are outlined in
more detail. This is followed by a brief summary of technical specifications, and quality control and safety
issues. Finally, guidance on the programmatic planning and implementation of CXR is discussed.



Chest radiography in tuberculosis detection

BOX 2. Summary of recommendations on using chest X-ray (CXR) for TB in recent WHO guidelines

and policies

CHEST X-RAY: AN ESSENTIAL TOOL TO END TB

CXR IS A SENSITIVE TOOL FOR SCREENING FOR ACTIVE TB

Reference: Systematic screening for active tuberculosis: principles and recommendations (4)
* CXR has higher sensitivity for pulmonary TB than screening for TB symptoms.

AN ABNORMAL CXR IS AN INDICATION FOR FULL DIAGNOSTIC EVALUATION
Reference: International standards for tuberculosis care (20)

 All patients with unexplained findings suggestive of TB on CXR should be evaluated for TB with a
bacteriological diagnostic test.

* CXR can be used as a supplementary diagnostic aid, although the specificity is low.

* A bacteriologically confirmed diagnosis is always preferred.

CXR IS AN IMPORTANT TOOL FOR DIAGNOSING CHILDHOOD TB

Reference. Guidance for national tuberculosis programmes on the management of tuberculosis in children (22)

* CXR is useful in diagnosing pulmonary and extrapulmonary TB in children in combination with history,
evidence of TB infection and microbiological testing.

CXR CAN IMPROVE THE EFFICIENCY OF USING THE XPERT MTB/RIF ASSAY

Reference. implementation manual for the Xpert MTB/RIF assay (3)

* CXR and further clinical assessment can be used to triage who should be tested with the Xpert MTB/RIF
assay to reduce the number of individuals tested and the associated costs, as well as to improve the pre-
test probability for TB and, thus, the predictive value of the Xpert MTB/RIF assay.

CXR CAN ASSIST IN DIAGNOSING TB AMONG PEOPLE LIVING WITH HIV

Reference: Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection (23)

* CXR can assist in diagnosing TB among people living with HIV. It is particularly useful for ruling out TB
disease before providing treatment for latent TB infection.

CXR HELPS RULE OUT ACTIVE TB BEFORE TREATING LATENT TB INFECTION

Reference: Guidelines on the management of latent tuberculosis infection (24)

* CXR used in combination with symptom screening has the highest sensitivity for detecting TB and, thus,
should be used to exclude active TB before initiating treatment of latent TB infection.

* Individuals with any radiological abnormality or TB symptoms should be investigated further for active TB
and other conditions.

CXR IS AN ESSENTIAL TECHNOLOGY FOR PREVALENCE SURVEYS
Reference: Tuberculosis prevalence surveys: a handbook (21)

* CXR is a necessary screening tool to identify survey participants eligible for bacteriological examination; in
recent surveys, CXR has proven essential for detecting a large proportion of prevalent TB cases.

More information can be found in the following resources:
* WHQO'’s diagnostic imaging website (714)
* The WHO manual of diagnostic imaging: radiographic anatomy and interpretation of the chest and the pulmonary
system (7)
* International standards for tuberculosis care, third edition (20)
- Standards for TB care in India (25)
- European Union standards for tuberculosis care (26)
- Canadian tuberculosis standards, seventh edition (27)

» Systematic screening for active tuberculosis: principles and recommendations (4)

» Systematic screening for active tuberculosis: an operational guide (5)

* Guidelines on the management of latent tuberculosis infection (24)

» Guidance for national tuberculosis programmes on the management of tuberculosis in children, second edition (22)
» Tuberculosis prevalence surveys: a handbook (21)

* Xpert MTB/RIF implementation manual (3)

» Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection (23)

* Pocket book of hospital care for children (28)

» the website for the Practical approach to Lung Health (known as PAL) (29).
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2. CHEST X-RAY AS A TRIAGE TOOL

2.1 Definition of triaging

For the purpose of this document, triaging is defined as the processes of deciding the diagnostic and
care pathways for people seeking healthcare, based on their symptoms, signs, risk markers and test
results. Triaging involves assessing the likelihood of various differential diagnoses as a basis for making
clinical decisions. It can follow more- or less-standardized protocols and algorithms and may be done in
multiple steps. Effective triaging that helps to rapidly identify TB is important both for optimizing care for the
individual and for ensuring good infection control (30).

Triaging protocols should be adapted to the disease’s epidemiology in a given setting because the
prevalence of different diseases determines the predictive values of symptoms, signs, risk markers and
test results.

Triaging is different from systematic screening in that it focuses on the clinical management of a person
seeking healthcare for one or several unexplained complaints or concerns, while systematic screening
normally is initiated by a provider and targets apparently healthy individuals with or without risk markers
for a given disease; for more information on systematic screening see Systematic screening for active
tuberculosis: principles and recommendations (4) and the associated Systematic screening for active
tuberculosis: an operational guide (5).

2.2 Triaging for TB among people with respiratory complaints

Proper triaging of people seeking healthcare with respiratory complaints is essential for diagnosing TB
correctly and early, as well as for the early diagnosis of other conditions. Unfortunately, not all people
seeking care with symptoms consistent with TB receive an adequate evaluation for TB. These failures result
in missed opportunities for detecting TB early and lead to increased disease severity, more complications
and a higher risk of poor treatment outcomes for the patients. They also can lead to a greater overall
disease burden in the community because they increase the likelihood of transmission of Mycobacterium
tuberculosis in health facilities and to family members and others in the community. For this reason, effective
and efficient clinical triaging algorithms are of utmost importance; for more information see the International
Standards for tuberculosis care (20).

People with pulmonary TB who are seeking care often initially present with non-specific respiratory
symptoms that need to be evaluated. Respiratory conditions are among the most common acute and
chronic diseases worldwide; they occur in all societies and in all age groups. The heavy burden of
respiratory diseases means that their symptoms are some of the most common reasons why patients seek
primary healthcare: respiratory complaints (including cough, sputum production, and shortness of breath)
often constitute around 20% of the symptoms that prompt a visit to a primary health centre (37); for more
information see the website for the Practical approach to Lung Health (known as PAL) (29).

Thus, respiratory symptoms are both common and non-specific. Most people with respiratory symptoms
consistent with TB do not have TB, even in setting where TB is highly endemic. Therefore, it is important
to identify in a sensitive and efficient manner those who have a high likelihood of TB among those with
respiratory symptoms and to determine the underlying cause of disease for those who are not ultimately
diagnosed with TB. Triage algorithms that are appropriate to specific patient populations, the epidemiology
of respiratory conditions, and healthcare-system capacity are essential for providing high-quality care.

Where it is available and feasible in the outpatient primary care setting, CXR can be used as an effective
triage test for those seeking care for respiratory complaints. CXR is a sensitive tool for identifying TB,
meaning that it identifies most people with a high likelihood of having the disease, while correctly ruling
out TB in most persons when the X-ray is read to look for any abnormality consistent with TB. In addition,
CXR can help identify other pulmonary conditions, such as lung cancer and occupational lung diseases
like silicosis, as well as other intrathoracic diseases that require further diagnostic evaluation. Therefore,
CXR is a useful general triage test for pulmonary conditions because it helps identify which type of further
diagnostic evaluation patients require to correctly diagnose the cause of their illness. A normal CXR helps

10
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rule out a number of pulmonary conditions and prompts diagnostic evaluation for conditions consistent
with no radiological findings, while an abnormal CXR prompts evaluation for conditions consistent with
radiographic changes, including but not limited to bacteriological evaluation for TB (Fig. 1). In any case,
when used as atriage test, CXR should be followed by further diagnostic evaluation to establish a diagnosis.
Generating differential diagnoses for conditions other than TB may be the primary objective of ordering a
CXR. Regardless of the reason for obtaining a CXR, it is important that any CXR abnormality consistent with
TB be further evaluated with a bacteriological test (20).

FIG. 1. Using chest radiography as a triage tool

Indication for CXR

“
Consistent with TB Not consistent with TB
[ |

Bacteriological evaluation of TB

AFB or MTB present AFB or MTB not present
[ ]

Additional evaluation as indicated

AFB: acid-fast bacilli; CXR: chest X-ray; MTB: Mycobacterium tuberculosis, TB: tuberculosis.

CXR may have higher specificity for pulmonary TB than assessing symptoms alone, depending on how
the X-ray is read. Therefore, triaging using CXR can help reduce the number of persons who undergo
bacteriological TB testing without decreasing the detection of true TB cases. CXR also improves the
positive predictive value of subsequent bacteriological tests by increasing the pre-test probability of TB (4).

Beyond identifying active TB disease, CXR also identifies one of the populations at highest risk of developing
TB disease: those who have inactive TB or fibrotic lesions without a history of TB treatment. Once active TB
has been excluded, patients with fibrotic lesions should be followed-up, given their high risk for developing
active disease (4).

There is no comprehensive WHO guidance on using CXR in triaging individuals with respiratory symptoms.
In the absence of such guidance, this chapter presents options for approaches to triage, and the contribution
of CXR to each approach is described.

11
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2.3 TB triage algorithm options

In this section, different triage algorithms for patients with respiratory complaints are discussed (up to
the point of ordering an initial bacteriological test for TB) and compared to help guide the choice of an
appropriate algorithm for different situations. At the end of the section, the algorithms are displayed
schematically, together with indications of the yield of true positives and false positives for TB and the cost
per true TB case detected, based on modelled yields and costs in a hypothetical scenario in which the
prevalence of TB is 0.5% (500 cases/100 000 population) among persons entering the triage algorithm
(Fig. 2). Details and additional scenarios are provided in Annex 1. The estimated yield shown concerns
only bacteriologically confirmed TB, and the yield of false-positive TB corresponds to a false positive only
on initial bacteriological testing. Actions to be taken after a positive or negative initial bacteriological test
— including further evaluation for TB, drug resistance and for other underlying conditions, as well as the
yield of true-positive and false-positive TB based on clinical diagnosis — are discussed in Section 2.3.3.
and Chapter 3.

In line with the progressive realization of universal health coverage, out-of-pocket expenditures for CXR,
as well as for bacteriological and other tests, should be minimized (32). Costs should be covered through
fair third-party financing. If CXR is used for triaging and the subsequent diagnostic evaluation of patients
with respiratory complaints, CXR and bacteriological tests should be free of charge for patients. The
algorithm scenarios discussed here and displayed in Fig. 2 and in Annex 1 assume there are no direct
costs for patients and estimate the potential magnitude of costs from a healthcare perspective of various
approaches to triaging for TB, including using CXR and other tools. When tools are available only on the
referral level, additional indirect costs for patients, as well as transport, feasibility and time factors, need to
be considered when choosing an appropriate algorithm. Further discussion of CXR infrastructure, planning
and financing can be found in Chapter 6.

2.3.1 Optimizing TB triaging when sputum-smear microscopy is used as bacteriological test

Traditionally, chronic and productive cough (with a duration of longer than 2-3 weeks) has been used
by national tuberculosis programmes (NTPs) as a triaging criterion for determining who should undergo
sputum-smear microscopy (Algorithm 1). This approach identifies people with an advanced stage of TB,
and it is a rational public health approach when the priority is to detect highly infectious pulmonary TB or
when CXR is not available. If available, CXR can be used as an additional triage test after initially triaging
for chronic cough (Algorithm 2). Because CXR is sensitive, Algorithm 2 has a similar yield to Algorithm 1
of true-positive cases detected with sputum-smear microscopy while reducing the number of persons
who need to undergo sputum-smear microscopy. However, the cost can be higher, depending on the cost
of CXR as compared with the cost of sputum-smear microscopy. The number of false-positive sputum-
smear microscopy results is low for both of these algorithms when the TB prevalence is moderate to high,
although it is lower in Algorithm 2, which includes CXR. However, introducing CXR before a bacteriological
test can increase the total number of clinically diagnosed cases and, thus, also the total number of false-
positive cases, depending on what further diagnostic evaluation and treatment decisions are made for
patients with abnormal CXR and negative bacteriological tests (see Section 2.3.3. and Chapter 3).

Triage algorithms based on chronic cough have a low sensitivity for TB, and, thus, many cases will be
missed with this approach, especially in the early stages of disease. Recent TB prevalence surveys have
demonstrated that a large proportion of people with bacteriologically confirmed TB do not experience chronic
cough (21). Annex 2 shows the proportion detectable through screening with CXR and screening for chronic
cough among persons with bacteriologically confirmed TB detected in recent TB prevalence surveys.

Earlier and more complete detection of TB among people seeking healthcare may, therefore, require
bacteriological testing for TB using broader indications, especially in TB-endemic settings. This may include
testing all people with any symptom or sign consistent with TB (that is, any one of cough, haemoptysis,
fever, night sweats or weight loss) as in Algorithm 3, or testing those with a predefined constellation of
symptoms, signs and clinical or population-based risk markers for TB (for example, HIV, other immune-
compromising conditions, diabetes, renal failure, smoking, alcohol or substance abuse, undernutrition,
poverty, homelessness, history of imprisonment, migration from a TB-endemic setting). The appropriate
threshold or indication for applying a bacteriological test depends on the local TB epidemiology. As a
guiding principle, the higher the TB prevalence, the broader the indication for TB testing should be.
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Testing using a broad indication, such as any symptom consistent with TB, increases the total yield of
TB cases detected. However, it can lead to high demands on resources and overloaded laboratories. It
also leads to a lower positive predictive value for the bacteriological test result and, thus, a higher risk of
false-positive test results. Narrowing symptom criteria will, in most situations, lower the sensitivity while
increasing the specificity, and reduce the number who need to undergo bacteriological testing. Using CXR
as an additional triage test is especially useful in the context of more inclusive initial symptom triaging,
and it can lead to a high total yield with fewer bacteriological tests per detected case and fewer false-
positive sputum-smear microscopy results as compared with symptom screening alone (see Algorithm 4).
However, introducing CXR into an algorithm that uses smear microscopy as the bacteriological test can
increase the cost per true case detected, depending on the relative costs of CXR and microscopy. It can
also increase the number of clinically diagnosed cases, of which a substantial proportion may be false
positives if proper quality control of clinical diagnosis is not in place (see Section 2.3.3. and Chapter 3).

Algorithm 5 uses CXR as an initial triage test (regardless of symptoms, signs and other risk markers),
which has been suggested as a rigorous triaging approach for healthcare facilities in some hyperendemic
settings). It improves the sensitivity of triaging as compared with initial symptom-based triaging and, thus,
improves case detection, but it can increase resource demands considerably, including for laboratories.
Such an approach is equivalent to systematic TB screening in health facilities, which is further discussed
in Chapter 3.

2.3.2 Chest X-ray triaging to optimize use of the Xpert MTB/RIF assay

As NTPs adopt and roll out the Xpert MTB/RIF assay into routine practice for TB diagnosis, it becomes
important to determine how the test can be most efficiently used in evaluating patients with suspected TB;
for more information see the Xpert MTB/RIF implementation manual (3).

In Algorithm 6, replacing sputum-smear microscopy with the Xpert MTB/RIF assay as the primary
bacteriological test after initial triaging for chronic cough increases the yield of bacteriologically confirmed
TB. However, the cost per true case detected is considerably higher than with an algorithm using sputum-
smear microscopy due to the higher costs for the Xpert MTB/RIF assay. One approach to reducing the
number of individuals who undergo Xpert MTB/RIF testing without significantly reducing the yield of TB
cases detected is to use Algorithm 7; in this algorithm CXR is used as a second triage test after initial
triaging for chronic cough, after which patients with abnormal CXR results are referred for Xpert MTB/RIF
testing for confirmatory diagnostic evaluation. If CXR is readily available and considerably cheaper than
Xpert MTB/RIF testing, which is often the case, especially with digital CXR, this could greatly reduce the
cost per true case detected.

CXR triaging also increases the positive predictive value of Xpert MTB/RIF testing. The specificity of the
Xpert MTB/RIF assay for detecting TB is high (99%, with liquid culture as reference standard) (2). However,
given that it is not 100%, the positive predictive value of Xpert MTB/ RIF testing may be low when applied
to groups with a relatively low TB prevalence. Using CXR as a triage test for those who have chronic
cough and then referring those with abnormal results for confirmatory testing with the Xpert MTB/RIF assay
results in a higher prevalence of TB in the group tested and, thus, increases the positive predictive value
and minimizes false-positive results. Using CXR as a triage test is further discussed in the Xpert MTB/RIF
implementation manual (3).

However, the sensitivity of Algorithms 6 and 7 remains limited due to the low sensitivity of the initial triaging
for chronic cough. In order for Xpert MTB/RIF testing to significantly improve early TB detection it may
need to be used with a broad indication. Using Xpert MTB/RIF testing as the primary diagnostic test after
triaging for any TB symptoms is a highly sensitive approach (see Algorithm 8). However, this algorithm is
expensive and requires high-throughput capacity for Xpert MTB/RIF testing. Using CXR as a second triage
test is especially valuable when the initial triaging is for any TB symptom (see Algorithm 9). Algorithm 9 can
significantly reduce the laboratory burden, cost per true case detected and false-positive bacteriological
test results.

As discussed in Section 2.3.1, introducing CXR before a bacteriological test can increase the total number
of clinically diagnosed cases and, thus, also the total number of false-positive cases, depending on
what further evaluation and treatment decisions are made for patients with abnormal CXR and negative
bacteriological tests. This is more likely when sputum-smear microscopy is used than when Xpert MTB/
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RIF testing is used because the Xpert MTB/RIF assay is more sensitive and, therefore, has a much higher
negative predictive value than sputum-smear microscopy. This means that the likelihood is low that a
person with a negative Xpert MTB/RIF test has TB. It is important that clinicians interpret a negative Xpert
MTB/RIF result differently than a negative sputum-smear microscopy result. Although no bacteriological
test can completely rule out TB, a clinical diagnosis needs to be considered for a much smaller proportion
of persons who are negative by Xpert MTB/RIF testing than for persons who are negative by sputum-smear
microscopy (see Chapter 3).

The most sensitive algorithm is to use CXR for initial triaging regardless of symptoms, followed by Xpert
MTB/RIF testing (see Algorithm 10). However, this algorithm is more expensive and results in a higher
number of false-positive results than sequential triaging with symptoms and CXR.

FIG. 2. Algorithm options for triaging patients with respiratory complaints consistent with TB?

Triage algorithm © Cost per true case detected
© Yield of true-positive results
Yield of false-positive results

1. Cough followed by microscopy (s )
[+)
€

2. Cough followed by CXR followed by microscopy O ¢
O

3. Any TB symptom followed by microscopy O ¢
+L+]

4. Any TB symptom followed by CXR followed by microscopy 00¢
+1+]

5. CXR followed by microscopy 0000¢
000

6. Cough followed by Xpert MTB/RIF testing 00
+14

7. Cough followed by CXR followed by Xpert MTB/RIF testing O ¢
+14

8. Any TB symptom followed by Xpert MTB/RIF testing 0000
0000

9. Any TB symptom followed by CXR, followed by Xpert MTB/RIF testing 00¢
0000
€

10. CXR followed by Xpert MTB/RIF testing 00000
00000
€

CXR: chest X-ray.
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a The figure shows the potential yield of triage and the subsequent diagnostic evaluation for TB based on using the indicated tools.
The cost and yield indicator values are based on a hypothetical scenario of a triage population of 100 000 with a TB prevalence
of 0.5% (500 cases/100 000 population). (Details are available in Annex 1.) The Cost indicator ($) corresponds to the cost per true
case detected for each algorithm; $ corresponds to the algorithm with the lowest relative cost per true case detected and $$$$$
corresponds to the algorithm with the highest cost per true case detected. The True-positives indicator (green +) corresponds to
the yield of true TB cases (with liquid culture as the gold standard); one green + corresponds to the algorithm with the lowest yield
of true-positive cases and five green + +++ + signs correspond to the algorithm with the highest yield of true-positive cases. The
False-positives indicator (red +) corresponds to the number of false-positive bacteriological test results; one red + corresponds to
the algorithm with the lowest number of false-positive test results and five red ++ 4+ + signs correspond to the algorithm with the
highest number of false-positive results. Note that true and false positive indicators within each algorithm are not proportional and
can therefore not be directly compared to assess positive predictive values. Also note that predictive values change with prevalence.
See Annex 1 for actual numbers with different prevalence.

2.3.3 Using chest X-ray after a negative bacteriological test result

A negative initial bacteriological test result may require additional bacteriological testing (see Chapter
3). This can be done in parallel with a CXR if CXR was not done previously. For the diagnosis of non-
bacteriologically confirmed TB, CXR has previously been recommended to be performed after a negative
bacteriological test result and a trial treatment with broad spectrum antibiotics other than those used to treat
TB (17, 18). However, trial treatment with broad spectrum antibiotics is not in line with general principles
on the use of antibiotics, which should be reserved for treating a clear indication and not primarily used for
diagnostic purposes. Trial treatment with antibiotics is particularly discouraged in children (22).

Putting CXR at the end of a diagnostic algorithm may sometimes be the only option — for example in primary
healthcare facilities where X-ray is not available and patients need to be referred to a secondary care facility.
In this case, often patients with symptoms highly suggestive of TB and negative smear microscopy results
are then referred to secondary care facilities for further evaluation with CXR. This approach is rational when
infectious TB is the priority or if radiography access is limited. However, the approach can lead to delayed
TB diagnosis and loss to follow-up during the diagnostic work-up, especially when a bacteriological test
with low sensitivity is used, such as sputum-smear microscopy (which misses many true cases).

One rationale for not doing a CXR before a bacteriological test is to avoid identifying a large group of people
as possible TB patients via an early CXR, which can lead, in turn, to false-positive CXR-based clinical
diagnosis of TB (see Sections 2.3.1 and 2.3.2, and Chapter 3). However, the risk of a false-positive clinical
diagnosis can be reduced by using proper quality control as well as by improving access to sensitive
and rapid molecular tests, or culture, or both, which can more effectively rule out TB than sputum-smear
microscopy and can, therefore, reduce the number of cases diagnosed based on CXR findings.

2.3.4 Estimating the yield and cost to decide where to place chest X-ray in triaging for TB

The judgement of whether to expand CXR use as part of triaging for TB and the decision of where
to put CXR in a triaging algorithm need to be based on an assessment of the risks of overdiagnosis
versus underdiagnosis, and in the context of resource demands, the availability of human resources, the
accessibility of CXR, and the feasibility and cost effectiveness. It is also important to consider that if all tools
included in a diagnostic algorithm are not located in the same physical location, patients risk being lost
in the diagnostic pathway. A case study on CXR in TB detection algorithms in India is provided in box 3.

It may be helpful to estimate for different triaging protocols the number of CXR investigations and number
of bacteriological tests required (and related resource demands), as well as the potential yield (including
true positives and false positives, and true negatives and false negatives; see Annex 1 for an example).
Unfortunately, the scientific evidence about the performance and cost effectiveness of different triaging
algorithms using CXR is limited. The ScreenTB tool (72), initially developed for systematic screening, can be
used for preliminary modelling of the theoretical expected yield and related costs required for some triage
algorithms and the epidemiological scenarios in a given setting. However, the assumptions (originally put
in place for screening) may need to be changed, and the outputs of the tool are only indicative.

The introduction of any new algorithm should be coupled with careful monitoring and evaluation of its
performance, in terms of the yield and the proportion of detected cases that are bacteriologically confirmed

(5).
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BOX 3. Case study on chest radiography in the TB detection algorithms in India

India has the highest TB burden of any country, representing 23% of the total global burden. Although policies
requiring mandatory case notification, a new web-based information system and greater engagement with the
private sector have led to significant recent increases in case notification, there is still a large case-detection
gap. In response, the country is looking for ways to increase case detection, including developing more sensitive
approaches for identifying persons who need to be evaluated for TB. CXR has, therefore, returned to the agenda
after several decades of marginal programmatic use.

CXR has long featured in TB detection in India, but its use has varied. In the 1960s, radiography was used

for mass TB screening and clinical diagnosis of TB. These uses were accompanied by high rates of clinically
diagnosed TB. Beginning in the 1990s, with the adoption of DOTS, CXR was still used to diagnose TB but less
often because it was placed at the end of the recommended diagnostic algorithms, to be used only after multiple
negative smear examinations and a trial course of antibiotics. Accordingly, the amount of training for providers
dedicated to the use of CXR decreased substantially over the same period. When India launched its first national
TB programme in 1962, District TB Officers were trained at the national level for 3 months. For more than 30 years,
the main component of training aimed to help the officers develop skills in the CXR-based diagnosis of TB. After
DOTS was introduced in the 1990s, under the Revised National TB Control Programme, training was gradually
reduced to 2 weeks. The use of CXR was discouraged because previously TB had been overdiagnosed in the
NTP when diagnosis was based on CXR. Consequently, the focus of training shifted to ensuring high-quality
smear microscopy, and training in CXR vanished from the human resources development plan. Overall, this led

to a decrease in the skills needed to evaluate CXRs, an inadequate infrastructure and availability of radiology,

and minimal CXR monitoring and quality assurance, especially in peripheral areas. Throughout the period

from the 1960s to the present, however, CXR has been widely used in the private sector, where it has been the
preferred initial tool for TB detection, and it has also been used extensively for clinical diagnosis. No formal quality
assurance procedures for CXR and clinical diagnosis in the private sector have been undertaken.

In 2016, after programme evaluations suggested that only 5% of patients symptomatic for TB were screened
completely using the existing diagnostic algorithms, and data from prevalence surveys suggested there would be
an additional 30-40% diagnostic yield using CXR as a screening tool, the Ministry of Health and Family Welfare of
India recommended revised diagnostic algorithms that feature CXR as an early triage tool for evaluating patients
with suspected TB, to be used with bacteriological confirmatory evaluation and continued clinical assessment of
bacteriologically negative patients.

However, the implementation of the revised triage and diagnostic algorithms will likely be hampered by the limited
availability of high-quality CXR. Currently, CXR technology is available only in the private sector and at the public
sector referral level. Along with limited equipment for CXR, only limited personnel have been trained to deliver
and interpret CXRs. Additionally, the financing for radiology services varies by state, and although many states
have provisions for free-of-charge CXR in the general health budget for patients with suspected TB, some require
fees from patients. Technological innovations may provide future opportunities to address financial and human-
resource capacity gaps in CXR access, including by using digital CXR in combination with telemedicine.

More information can be found in the following resources:

* International standards for tuberculosis care, third edition (20)

» the website for the Practical approach to Lung Health (known as PAL) (29)

» Xpert MTB/RIF policy update and implementation manual (2, 3)

» Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection (23)
» Systematic screening for active tuberculosis: principles and recommendations (4)

» Systematic screening for active tuberculosis: an operational guide (5)

» ScreenTB tool: target prioritization and strategy selection for tuberculosis screening (72).
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3. CHEST X-RAY AS A DIAGNOSTIC AID

3.1 Chest X-ray as a diagnostic aid for respiratory and other intrathoracic diseases

As discussed in Chapter 2, people with respiratory symptoms who are seeking care need to be evaluated
not only for TB but for all relevant respiratory diseases, which may include, for example, non-TB infections,
diseases of airflow obstruction (such as chronic obstructive pulmonary disease or asthma), neoplasms
(such as lung cancer or pulmonary metastasis), occupational lung diseases (such as silicosis) or
bronchiectasis. CXR is a useful diagnostic aid for several of these conditions, as well as for diseases that
affect extrapulmonary intrathoracic structures (such as mediastinal lymph nodes, the pleura or pericardium).
Good quality chest radiographs are essential for proper evaluation.

CXR should be seen as a tool that can be used in comprehensive pathways for diagnosing respiratory and
other intrathoracic diseases. Beyond algorithms for TB diagnosis and treatment, protocols are needed for
the proper referral and management of other diseases, in line with the principles of the practical approach
to lung health (29).

CXR is an essential health technology that should be accessible to all. However, because access remains
limited in many settings, and it may be available only in tertiary care, the choice to use CXR as a diagnostic
aid clearly depends on the availability of and access to CXR (see Chapter 6).

3.2 Chest X-ray as a complement to bacteriological TB tests

It must be underscored that although CXR is a useful adjunct in diagnosing TB, CXR alone cannot establish a
diagnosis. Bacteriological confirmation of TB should always be attempted. The triage algorithms described
in the previous chapter show only the steps leading to an initial bacteriological test, but not the subsequent
bacteriological testing and clinical assessment that may be required.

Additional bacteriological testing may be required after a negative initial bacteriological result. This is
especially relevant if the initial test is sputum-smear microscopy, which has low sensitivity. For such patients,
subsequent Xpert MTB/RIF testing or culture should be done if the clinical suspicion of TB is moderate to
high — for example, due to CXR findings consistent with TB.

Although Xpert MTB/RIF testing is more sensitive than smear microscopy, the sensitivity of the test in a
given setting depends on the prevalence of smear-negative TB in the patient population; this is because
the Xpert MTB/RIF assay is highly sensitive for smear-positive TB but only moderately sensitive for TB
that is smear negative (2). Hence, repeated testing should be considered using the Xpert MTB/RIF assay
or culture, or both, after an initially negative Xpert MTB/RIF assay or culture. Culture can improve the
sensitivity of bacteriological confirmation, although it typically takes 6-8 weeks before results are available.
Considerations for sequential bacteriological testing and suggested bacteriological test algorithms,
including for diagnosing drug-resistant TB, are included in WHO'’s framework on implementing TB
diagnostics as well as in the International standards for tuberculosis care (20, 33).

Making a clinical diagnosis based on medical history (symptoms, TB exposure, risk markers), signs and
CXR findings is sometimes reasonable in persons in whom TB cannot be ruled out despite negative
bacteriological tests. In combination with clinical assessment, CXR may provide important circumstantial
evidence for clinical diagnosis (20). Repeated CXR examination after a period of time could be considered,
as interpretation of image changes could aid in clinical evaluation for TB and other diagnoses.

Clinical diagnosis is particularly relevant in certain groups for whom it can be difficult to confirm a TB
diagnosis with a bacteriological test. This includes patients for whom bacteriological tests tend to have
lower sensitivity, such as people living with HIV or people with other immune-compromising conditions.
It also includes patients from whom it is difficult to collect samples for bacteriological confirmation, such
as young children. Moreover, for seriously ill patients (particularly persons with HIV infection), a clinical
decision to start treatment often must be made without waiting for test results. Such patients may die if
appropriate treatment is not begun promptly (4, 20, 23). In such patients, CXR can be particularly useful
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as a diagnostic aid given the rapidity with which it delivers results. The risks associated with a delayed or
missed TB diagnosis in these groups can be higher than the risks associated with a possible false-positive
clinical diagnosis, which means that a clinical diagnosis made with a relatively low positive predictive value
may be acceptable. However, it should be noted that the accuracy of CXR in these groups may be lower
than in other groups. If a patient is not critically ill, follow-up bacteriological testing, repeat CXR and re-
evaluation of TB and differential diagnoses should be considered (79, 20).

Patients in whom a clinical diagnosis of TB has been made should be followed closely to ensure that a
non-TB disease has not been misdiagnosed and left untreated. Follow-up should include repeat clinical
and radiological assessment. For those who deteriorate or fail to improve, repeat bacteriological testing for
TB should be considered (that is, to ensure the initial results were not falsely negative) and also diagnostic
testing for non-TB diseases.

Quality assurance for clinical TB diagnoses is important (see Chapter 5), both to not miss TB cases and
to avoid overdiagnosis. Unnecessary TB treatment should be avoided to protect patients from harm and
avoid wasting resources, both for patients and society. Moreover, making a false-positive clinical TB
diagnosis when the illness has another cause can delay proper diagnosis and treatment of the true illness
— for example, lung cancer (34). When an abnormality is present on CXR it is important to consider all
possible differential diagnoses. Persons with confirmed or unconfirmed TB may have other concurrent lung
conditions.

Quality assurance involves ensuring high-quality CXR as well as high-quality CXR reading (35), (36). Quality
and standardization can be improved by conducting multidisciplinary clinical rounds, convening groups
of diagnostic experts and implementing peer review procedures. Monitoring and evaluation are essential.
A useful indirect indicator of quality is the proportion of TB cases that have not been bacteriologically
confirmed. A high proportion of clinically diagnosed TB may indicate overdiagnosis. A low proportion may
indicate underdiagnosis. However, there is no established benchmark for the appropriate proportion of
cases of bacteriologically confirmed TB.

3.3 Chest X-ray as part of a comprehensive diagnostic pathway in children

CXR is useful in the diagnostic evaluation of TB as well as other intrathoracic diseases in children,
especially younger children, in whom bacteriological evaluation is commonly negative. It should be part
of a comprehensive diagnostic pathway that includes multiple steps, beginning with clinical assessment,
the assessment of risk factors and exposure history, and CXR and bacteriological tests, as required. In
most cases, children with TB have radiographic changes suggestive of TB (22). Adolescent patients with
TB have radiographic changes similar to those seen in adult patients. Good-quality CXRs are essential
for proper evaluation (22). A lateral CXR view may be required, especially in younger children and when
bacteriological confirmation is challenging. For example, children younger than 4 years are more likely to
have primary TB, and a lateral view will be important in identifying mediastinal or hilar lymphadenopathy
(37). Details are provided in the Guidance for national tuberculosis programmes on the management of
tuberculosis in children (22).

As with adults, there are no specific features on clinical examination that can confirm that the presenting
symptoms are due to TB. Every effort should be made to confirm the diagnosis of TB in a child using
whatever specimens and laboratory tests are available (22). The Xpert MTB/RIF assay should be used as
the initial test in all children suspected of having TB, regardless of their HIV status (2).

It should be noted that children living with HIV have a substantially elevated risk of TB. The approach to
diagnosing TB in children living with HIV is essentially the same as for diagnosis in HIV-negative children.
However, this approach can be more challenging in children living with HIV because there is a high incidence
of acute and chronic lung diseases other than TB; because children with HIV may have lung disease of
more than one cause (multimorbidity), which can mask their response to therapy; and because there is an
overlap of radiographic findings in TB and from other HIV-related lung diseases, making CXR less specific
for detecting TB in children with HIV (22).

CXR quality assurance can be especially challenging when CXR is used in children. Radiographers and
medical staff require special training on taking and reading CXRs in children, and ensuring this training
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occurs is a particular challenge in low- and middle-income countries where there are few paediatric-
orientated radiologists.

More information can be found in the following resources:

* International standards for tuberculosis care, third edition (20)

» Guidance for national tuberculosis programmes on the management of tuberculosis in children, second edition
(22)

* Xpert MTB/RIF policy update and implementation manual (2, 3)
» Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection (23).
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4. CHEST X-RAY AS A SCREENING TOOL FOR
PULMONARY TB

4.1 Chest X-ray as a sensitive tool for screening for active TB

Systematic screening for active pulmonary TB is defined as the “systematic identification of people with
suspected active TB in a predetermined target group, using tests, examinations or other procedures that
can be applied rapidly” (4). Unlike the evaluation of those who actively seek care for respiratory symptoms
(see triaging, Chapter 2), the systematic screening of individuals for TB is typically initiated by a provider
and offered in a systematic way to an apparently healthy target group that has been determined to have a
high risk of TB.

Systematic screening implemented within health facilities is a special systematic screening situation in
which specific risk groups at high risk of TB are targeted for screening among people seeking care in
health facilities — for example, people being treated for diabetes or people living with HIV who are attending
a clinic to receive antiretroviral therapy. Systematic screening of all people seeking care in an outpatient
department may be considered in a setting where TB is highly endemic. Such an approach can also be
seen as aggressive triaging for TB; the same principles for choosing an appropriate screening algorithm

apply.

Systematic screening outside health facilities — such as in the community or in special institutions such as
prisons or shelters for homeless people — is often labelled active case finding, which refers to a provider-
initiated approach that actively reaches outside the health services. Such screening can help find prevalent
cases of TB in the community that might otherwise go undiagnosed and untreated. It often requires
screening a large number of people who do not have TB. Costs can be high, and the risk of a false-
positive diagnosis is high when TB prevalence in the screened group is low or moderate (4). Because of
this, choosing an accurate screening algorithm is critical, and there are specific considerations involved,
including how well the screening and diagnostic tools perform in the population to be screened, the trade-
off between risks and benefits to the person being screened, the ability of the screening algorithms to
detect TB without risking overdiagnosis, and the feasibility and costs (4, 5).

WHO'’s guideline Systematic screening for active tuberculosis. principles and recommendations describes
10 algorithms for screening for TB (4). Eight options include a symptom screen as the initial test (screening
either for cough lasting longer than 2 weeks, or screening for any symptom consistent with pulmonary TB,
including cough of any duration, haemoptysis, weight loss, fever or night sweats), and two options use
CXR as the initial screening test. If symptom screening is used initially, then CXR can be used as a second
screen to improve the pre-test probability of the subsequent diagnostic test and to reduce the number of
people who need to undergo further diagnostic evaluation. See box 4 for an example of the use of CXR as
a tool for TB screening in migrants and refugees.

As discussed in Chapter 2, symptom screening has a low sensitivity, especially for detecting TB early,
which is a primary objective of systematic screening. Nevertheless, symptom screening is a low-cost and
feasible approach that may be the only option in some situations. CXR, however, is a good screening tool
for pulmonary TB because of its high sensitivity (87% to 98%, depending on how the CXR is interpreted)
(4), meaning that up to 98% of those with culture-positive TB who undergo CXR will have an abnormal
result. From the perspective of the person being screened, CXR is a valuable tool because it provides rapid
screening results for a range of medical conditions beyond TB (27).

Like symptom screening, CXR has low specificity in an active case-finding situation (46% to 89%, depending
on how it is read) (4), meaning that a significant proportion of individuals without TB will have an abnormal
test result. This is due, in part, to the fact that CXR identifies many types of lung abnormalities, whether due
to TB or to other lung conditions. For this reason, CXR should be used with a bacteriological confirmatory
test that has high sensitivity and specificity for TB. However, as discussed in Chapter 2, it is unavoidable
that some proportion of persons who screen positive by CXR and who are negative by bacteriological
tests will be diagnosed based on CXR and clinical criteria alone. Such patients should be periodically
re-evaluated to assess response to treatment for TB and to exclude other diseases that might explain the
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radiographic findings. A significant proportion of those with a clinical diagnosis may not, in fact, have TB
and, thus, may be treated unnecessarily. At the same time, some of the true TB cases will be missed.

The proportions of false-positive and false-negative cases found through screening will depend on the
TB prevalence in the screened group, on the quality of the laboratory test, and on the rigour used in
making clinical diagnoses, including the quality of CXR and CXR reading, as well as the quality of clinical
evaluation (4). It is essential to ensure that the diagnostic quality is high, including for clinical diagnosis. It
is also important that people invited for screening are well informed about the diagnostic challenges. This
is particularly important in the context of screening as compared with triaging, for two reasons: screening is
normally provider-initiated rather than patient-initiated (which leads to particular ethical considerations) and
the prevalence of TB in the tested group tends to be much lower (which leads to lower positive predictive
values).

Although CXR is the preferred screening tool from the viewpoint of test accuracy, it can be expensive and
logistically challenging to use, especially during active case finding when screening is done as an outreach
activity outside the health services. The best choice of screening tool for any given situation depends on
several factors, including the setting where screening is to be done, the populations to be screened and their
epidemiology of TB and associated risk factors, the resources available (such as, human or financial), and
the feasibility of various screening options. CXR is a good choice in most screening scenarios, particularly
those based in the healthcare setting (see Case study 2) or where it is feasible to utilize mobile X-ray
technology, but it will not be feasible in some scenarios. WHO's Systematic screening for active tuberculosis:
an operational guide provides some guidance for the processes of planning screening and choosing an
appropriate screening approach (5). The operational guide (5) and the ScreenTB tool (12) can be used
to model the potential yield of true-positive and false-positive cases from various screening approaches,
as well as costs, which can help in prioritizing the risk groups to be screened and choosing a screening
algorithm. As with the discussion of optimizing triage algorithms in section 2.3, the introduction of any new
algorithm for screening should be coupled with careful monitoring and evaluation of its performance, in
terms of the yield and the proportion of detected cases that are bacteriologically confirmed (5).
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BOX 4. Case study on the International Organization for Migration’s experience of using digital chest

radiography and teleradiology to screen migrants for TB.

The International Organization for Migration (IOM) conducts health assessments for selected immigrants and
refugees during the process of resettlement. A key component of the health assessment is radiological screening
for TB for migrants from countries with a significant burden of TB. CXR is performed on all adults and on children
with indications for TB evaluation (such as a positive tuberculin skin test or interferon-gamma release assay, or
being a close contact of a person with TB or HIV). For the detection of TB, an abnormal CXR suggestive of TB is
the main criterion for referral for sputum-smear microscopy and culture examination; clinical suspicion is the main
criterion for referral for cases with a normal CXR.

Because this health screening is conducted in an apparently healthy population, TB is usually detected during an
early phase of disease, and the findings on CXR are often subtle. Skilled radiologists experienced in interpreting
screening CXRs for TB are essential. The difficulty in finding appropriately skilled radiologists, especially in rural
areas, prompted the IOM to develop a Global Teleradiology and Quality Control Centre in 2012. The aim was

to standardize and optimize the quality of CXR used across all IOM health assessments. The centre utilizes a
teleradiology system, with web-based applications and live chat for communications and to transfer digital images
and provide CXR reports in real time. The centre provides primary CXR reading if necessary, with a turnaround
time of 1 hour, as well as quality control and radiology-related technical support to IOM health-assessment field
operations globally.

From 2011 to 2015, IOM conducted health assessments for more than 1.5 million people, of which 1.2 million
immigrants and refugees were screened for TB using CXR as part of their health assessment. Among those
screened, 5% had CXR findings consistent with TB, and among those almost 7% were diagnosed with TB. Among
diagnosed TB cases, 84% were bacteriologically confirmed. The majority were culture-confirmed smear-negative
cases.

[ Total of 1 204 569 screened for TB with CXR: 836 462 immigrants and 368 107 refugees ]

3

[63 884 (5.3%) had findings suggestive of TB: 30 172 (4%) immigrants and 33 712 (9%) refugees]

+

4 341 (6.8%) diagnosed with TB: 2 096 immigrants and 2 245 refugees
84% laboratory confirmed
(40% through smear, 60% through culture)

These experiences demonstrate the potential for using CXR to screen a large group of apparently healthy
individuals for TB and find a significant number of cases. The high proportion of culture-confirmed smear-
negative TB indicates the low sensitivity of smear microscopy and that it is possible to maintain a high standard

of bacteriological confirmation with culture. The IOM experience also shows the potential for digital and
communication technologies to increase access to CXR and to skilled radiology services globally. However, nearly
400 immigrants or 164 refugees needed to be screened to detect 1 case of TB. The cost effectiveness of this

type of mass screening needs to be considered. The TB detection rate was 2.5 times higher in refugees than in
immigrants, which indicates that screening targeted high-risk groups will be more cost-effective than screening all
migrants.

4.2 Chest X-ray screening in TB prevalence surveys

In the specific context of a national TB prevalence survey, in which a country’s entire adult population
is sampled and tested to determine the population prevalence of TB, screening is applied to identify
individuals who should undergo bacteriological examinations. CXR is the most sensitive screening tool for
identifying those survey participants with a high probability of having TB. For diagnosis, combining CXR
and symptom checklists for screening (with, typically, a positive result in either category being sufficient to
warrant further testing) with culture or an alternative bacteriological test with high sensitivity (such as the
Xpert MTB/RIF assay), will generate the most accurate prevalence estimate for bacteriologically positive
TB (which is the objective a TB prevalence survey). CXR should, therefore, be used for all participants in
a survey, regardless of their symptoms or risk markers (27). It should be noted that prevalence surveys
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generally do not include children (usually defined as less than 15 years of age), due to ethical concerns and
because they require distinct screening and diagnostic procedures, so survey findings do not represent
the entire population and cannot be extrapolated to the younger age group.

The screening strategy recommended by the WHO Global Task Force on TB Impact Measurement is shown
in Fig. 3. Those persons with abnormalities on CXR and/or found to have TB-compatible symptoms during
the questionnaire screening are eligible for sputum examination with the Xpert MTB/RIF assay or culture, or
both. Those who do not have abnormalities or symptoms suggestive of TB during screening are not eligible
for bacteriological testing and do not submit sputum samples. For more information, see Tuberculosis
prevalence surveys: a handbook (27).

FIG. 3. WHO’s recommended screening strategy for TB prevalence surveys (21)

ABNORMAL CXR
and/or
POSITIVE SYMPTON SCREEN

BACTERIOLOGICAL TESTING

NO BACTERIOLOGICAL
TESTING Microscopy culture,

Xpert MTB RFI

CXR: chest X-ray.

A screening strategy using symptom screening without CXR screening is not recommended because it
will underestimate the true prevalence of TB. Between 23% and 70% of bacteriologically positive cases
detected in recent surveys had chronic cough, meaning that, on average, half of bacteriologically confirmed
cases will be missed by symptom screening alone (see Annex 2) (21).

To increase sensitivity, intentional overreading of CXRs should be encouraged in the context of a prevalence
survey. That is, participants with any lung abnormality (even if it may not be considered typical of TB) should
be referred for bacteriological examination. Overreading should ensure that almost all potential TB cases
are referred for sputum examination. Because TB in an immunocompromised person with a high risk of
TB, such as an HIV-positive individual or, to a lesser extent, a person with diabetes, often shows atypical
manifestations in a CXR, using CXR abnormalities suggestive of TB to identify individuals eligible for sputum
examination may not be sensitive enough. Therefore, the recommended definition for screening is any CXR
abnormality in the lung (27). Follow-up of participants with abnormal CXR and negative bacteriological
exams is sometimes warranted.
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4.3 Chest X-ray to rule out active TB before treating latent infection

Due to the crucial importance of excluding active TB before initiating treatment for latent TB infection (LTBI),
one of WHO’s recommendations for managing LTBI in resource-rich settings with a TB incidence of < 100
cases/100 000 population states that before initiating treatment for LTBI, individuals should both be asked
about any symptoms of TB and should undergo CXR. Individuals with TB symptoms or any radiological
abnormality should be investigated further for active TB and other conditions. For more information, see
the Guidelines on the management of latent tuberculosis infection (24). Guidelines for managing LTBI in
resource-poor high-burden settings are being developed; presently, in such settings CXR is not usually
used for evaluating asymptomatic children under 5 years of age.

Using the combination of any abnormality in a CXR and/or the presence of any symptoms suggestive of TB
(that is, any one of cough, haemoptysis, fever, night sweats, weight loss, chest pain, shortness of breath or
fatigue) offers the highest sensitivity and negative predictive value for ruling out TB (24).

More information can be found in the following resources:

» Systematic screening for active tuberculosis: principles and recommendations (4)
» Systematic screening for active tuberculosis: an operational guide (5)

e Tuberculosis prevalence surveys: a handbook (21)

* Guidelines on the management of latent tuberculosis infection (24)

* Screening chest X-ray interpretations and radiographic techniques (10).
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5. TECHNICAL SPECIFICATION, QUALITY ASSURANCE,
QUALITY CONTROL, AND SAFETY

5.1 Technologies for chest X-ray and technical specifications

WHO first specified a basic radiological system in 1975. The concept was developed further with a series
of revisions. WHQO’s guiding principles in designing radiological units have been:

* the radiological image must be high quality;

* the equipment must be safe for patients and personnel;

* the equipment must be easy to install and use;

* required equipment maintenance should be minimal and quality assured;

* if necessary, it must be possible to use the equipment with an unreliable electricity supply.

Two types of technology are used for CXR: analogue (that is, a system using film) or digital. It is important to
highlight that both of these technologies employ the same principle of X-ray production (which is non-digital);
the difference is the method of recording the result. In conventional systems, the result is recorded and
displayed on an X-ray film but in digital systems, the result is recorded on a detector and displayed in a digital
format on a computer screen (and it can also be printed on X-ray film or paper or sent to a digital device).

Digital systems have several advantages over conventional systems. They reduce procedure time, have
very low running costs (particularly when a hard copy image is not needed), save on staff requirements
because the system is more user-friendly, produce superior image quality, give a lower radiation dose,
allow for easier archiving and are more environmentally friendly. Moreover, they allow for telemedicine
solutions and can be used for computer-aided reading.

In 2000, WHO published the Consumer guide for the purchase of X-ray equipment (38), a comprehensive
document that was aimed at small hospitals and large primary healthcare centres. The document covered
not only technical specifications but also guidance on infrastructure, staffing and protection from radiation.
However, because affordable digital technologies were not widely available for resource-poor settings
at the time, the guide recommended only conventional X-ray technology with a manual or automatic film
processing and development system.

In 2016, WHO developed technical specifications for the 61 essential medical devices needed by healthcare
facilities (39). The specifications for digital imaging systems in that document should help countries procure
appropriate equipment. It was compiled by WHO in collaboration with a working group of experts, and will
be continually updated. Among the 61 devices, 6 diagnostic X-ray-related devices are included (as of 29
September 2016):

* the stationary basic diagnostic X-ray system, digital;

* the mobile basic diagnostic X-ray system, digital;

* the stationary basic diagnostic X-ray system, analogue;

* the mobile basic diagnostic X-ray system, analogue;

* the darkroom automated X-ray film processor; and

* the daylight automatic X-ray film processor.

Basic radiography is an essential technology in primary care, such as at health centres and district hospitals.
The basic radiography unit (the stationary digital diagnostic X-ray system) has much wider functions than
CXR, such as to investigate trauma or gastrointestinal diseases and to perform interventions, such as
thoracic intubation, and the fixation or manipulation of fractures and dislocations. Mobile digital basic X-ray
systems that can provide radiology services outside the radiology unit, such as in an operating theatre or

intensive care unit, are listed in WHO’s 2016 technical specifications as the second unit of radiography
needed for hospitals.

25



Chest radiography in tuberculosis detection

In some facilities it is appropriate to have a CXR-specific stationary unit. WHO’s specifications for stationary
digital CXR systems are not available, but will be developed by WHO and its partners. Moreover, WHO’s
guidelines on radiography are limited to medical facilities. WHO is developing specifications for portable
X-ray units, which are already widely used in small medical facilities, for home care, in military and disaster
relief operations, for systematic TB screening and for TB prevalence surveys.

The WHO Global Task Force on TB Impact Measurement strongly recommends that countries do not
use fluoroscopy or mass miniature indirect radiography for TB screening because these require a higher
radiation dose (27). Since 2009, all national TB prevalence surveys, without exception, have adopted direct
CXR technology.

5.2 How to choose chest X-ray technology

There are many factors to consider when choosing the appropriate X-ray equipment.

* Settings: For frontline hospitals and health centres, a stationary basic digital diagnostic X-ray system
should be considered for the first X-ray unit, as X-ray technology has many diagnostic uses beyond
CXR. An X-ray unit used only for CXR could be installed in the radiology department when the
demand for CXR is high. For field use, options include a stationary X-ray unit (either in an X-ray van
or container) or a portable unit. The choice depends on the accessibility of field sites, a country’s
regulations, the climate (temperature) and the daily demand for CXR images.

* Costs: Costs depend on several factors. It is useful to think about the entire lifetime of the equipment
when considering costs. Different technologies have varying levels of initial investment and running
costs (including requirements for consumables, operational costs and costs for maintenance and
parts). Digital systems have a higher initial cost but often offer savings on consumables (particularly
when a hard copy of the CXR image is not necessary) and human resources.

* Duration of use: Although X-ray equipment is sometimes acquired for a specific purpose or activity,
such as for a systematic screening campaign or a prevalence survey, it should be assumed that it
will be used for a much longer time period and for other purposes. Therefore, its utility should be
considered in terms of its general use.

* Field conditions: If the equipment is to be used in the field, important factors to consider are
portability and power requirements.

* Personnel: It is important to consider whether skilled personnel will be available to conduct CXR
examinations, read the results and maintain the equipment in the setting in which it will be used.

* Radiation exposure: Although none of the options present dangerous levels of radiation, newer
digital technologies provide lower exposure to radiation.

* Throughput capacity: Digital systems are good for tasks with a heavy workload — such as a
prevalence survey, hospital-based systematic screening or active case finding in the community —
because they shorten the processing time.

* Availability of maintenance: Particularly for digital equipment, ensuring maintenance after the initial
1-year warranty period can be difficult in countries where maintenance services are scarce.

5.3 Computer-aided detection of TB

New technologies for analyzing the results of CXR evaluations are being developed, including computer-
aided detection (CAD) software that can analyze digital CXR images for abnormalities and the likelihood
of TB being present. Such technology could help reduce interreader variability and delays in reading
radiographs when skilled personnel are scarce.

As of 2016, WHO provides no recommendations on using CAD for TB. A systematic review of five peer
reviewed articles published in 2016 concluded that the evidence of CAD’s diagnostic accuracy is limited
by the small number of studies of the single commercially available CAD software (CAD4TB, Delft Imaging
Systems, Veenendaal, the Netherlands). There were also important methodological limitations to the
studies and their findings had limited generalizability (40). To determine whether WHO should initiate a
process to develop guidelines on CAD, WHO commissioned an extended systematic review to evaluate
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both published and unpublished studies assessing CAD as a tool for evaluating persons with suspected
TB and for TB screening (47). The following PICO questions were formulated (PICO refers to population,
intervention, comparator, outcome).

1. What is the diagnostic accuracy of CXR interpreted by CAD for detecting TB confirmed with culture
or a molecular test?

2. Is the diagnostic accuracy of a CXR analyzed with CAD superior, inferior or equivalent to that of a
CXR interpreted by a human reader for detecting TB confirmed by culture or a molecular test?

The review stratified results by use-case: in triage use-case studies, CAD was used for evaluating persons
with suspected TB (that is, persons seeking care for TB symptoms); in screening use-case studies, it was
used to screen populations at risk that may not be seeking care. The review focused on CAD4TB, the only
commercially available CAD program for TB. CAD4TB analyses a digital CXR and produces an abnormality
score ranging from 0 to 100, with higher scores indicating greater likelihood of TB. A threshold score is
the abnormality score below which TB is considered ruled out. For this to be a generalizable diagnostic
test, one would predefine a threshold for each use-case. However, threshold scores are currently not
preselected by the test developers.

Studies were identified through four medical databases as well as the developer of CAD4TB software,
projects supported by the Stop TB partnership and researchers in the field. Of the 542 identified citations
and studies with unpublished data, 13 were included in the systematic review: 5 published peer reviewed
papers, 4 published conference abstracts and 4 unpublished studies. Seven studies were triage use-
case, and 6 were screening use-case, of which 6 and 3, respectively, had results that addressed the
PICO questions. Results were considered in light of the potential for bias and applicability concerns, and
assessed using the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2) approach (http://
www.quadas.org).

A number of important methodological limitations were identified for both use-cases during quality
assessment. The main sources of concern about the potential for bias and limited applicability were the
inappropriate exclusion of participants (particularly in screening use-case studies) and how the threshold
scores had been operationalized, in particular the use of threshold scores that were not prespecified.
Concerns about generalizability also arose from the use of non-commercially available versions of CAD4TB,
and from training staff and evaluating the software for CXR within the same study population. Studies
were not equally affected by these methodological limitations. Overall, reviewers found that few studies
used CAD4TB the way it will be used in the field — that is, with the most up-to-date commercially available
version, with a prespecified threshold score and without having undertaken a pilot study to determine which
threshold score to use. Furthermore, there was limited or no information about the performance of CAD4TB
in several subgroups of interest, including people living with HIV and different age groups, particularly for
the screening use-case studies. Finally, data disaggregated by sex or smear status were not available. No
pooling of data was done due to the methodological heterogeneity of the reviewed studies, as well as to
the low number of studies for each version of CAD4TB.

Across versions, the software achieved high sensitivity for both use-cases, but with variable specificity.
The sensitivity and specificity of the human CXR readers whose performance was compared with that of
CADA4TB were variable. In a number of studies, CAD4TB’s threshold score was set to match either the
sensitivity or specificity of the human readers, thus limiting the comparisons of accuracy that could be
made between the software and human readers. The software’s sensitivity was similar to that of human
expert readers in the triage use-case, but it was less specific. Performance varied when compared with non-
expert readers. For the screening use-case, data were insufficient to draw conclusions about performance
compared with humans.

Based on the findings of the extended systematic review, WHO has decided not to initiate a guideline
development process at the present time. CAD can be used for TB detection for research, ideally following
a protocol that contributes to the required evidence base for guideline development. For this purpose, WHO
plans to further specify the desirable characteristics of CAD for TB and develop advice on key research
questions and appropriate study designs that can address those questions. Broad questions that should
be addressed include the following:
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* what is the added value of CAD in different places in the diagnostic pathway?
* what is the added value of CAD in different populations and settings?
* what should be the threshold scores for different populations or settings?

* whatneedsto happen ifa patientis symptomatic and a CAD assessment is negative? And what needs
to happen if a patient is symptomatic and the CAD assessment is positive but the microbiological
test is negative?

* what is the cost effectiveness of CAD compared with human readers, considering different payment
models?

* what operational or implementation challenges exist for ensuring equitable access?

* what needs to be done with preliminarily CAD-positive patients? For example, when would a human
reader be engaged for final interpretation/reporting in each use case?

* how could CAD be used as an aid to human CXR readers rather than as a replacement?

Two possible research strategies have been identified to generate evidence for WHO to issue
recommendations on using CAD4TB. When new evidence has been generated, WHO will assess whether
a guideline process should start.

In strategy 1, data from individual patients and digital images from the higher quality studies identified in
the extended review would be analysed independently of the CAD4TB developers, using the latest version
of the software and pooling the results using a meta-analysis of individual patient data. Although this could
provide evidence of sufficient quality for the triage use-case, it would be inadequate for the screening
test use-case. Hence, a complementary undertaking in strategy 1 would be to compile a standard panel
of CXRs taken from existing databases, and use this panel to evaluate CAD4TB. Potential data sources
include completed or ongoing studies that utilize digital CXR in either a triage or screening use-case and
also use the required reference standard as defined but that are not utilizing CAD software (in order to
avoid the developers having access to the files for software training), TB prevalence surveys and other
existing data sets of digital CXR files with appropriate pathology reference standards. The timeline of this
strategy is estimated to be 1 year, but it needs to be further clarified.

Strategy 2 would involve identifying planned or ongoing trials of CAD, or undertaking new studies, and
integrating an evaluation of CAD into that research. The main focus would be the screening use-case.
Design considerations that would ensure studies are of sufficient quality would include using predefined
threshold scores according to the use-case; enrolling important subgroups of patients (defined by sex,
age, HIV status, smear status); using CAD for all participants (in triage studies, this would include testing
all participants with the reference test; in screening studies, this would include testing at least a subset
of asymptomatic persons with the reference test); and for comparison, having human readers who are
blinded to CAD scores and microbiological data, and using standardized categories for reporting CXR
results. The timeline for this strategy is estimated to be 2-3 years but depends on the ability to integrate an
evaluation of CAD into planned studies and the availability of funding.

5.4 Quality assurance and quality control

There are two major areas of quality assurance for CXR: the quality of CXR imaging and the quality of CXR
reading.

The quality of CXR imaging is associated with the quality of the hardware being used and the quality
of the techniques and applications. WHO provides technical specifications for X-ray machines and the
equipment related to handling X-ray films and images, as well as checklists and workbooks (http://www.
who.int/diagnostic_imaging/publications/en/). The WHO manual of diagnostic imaging is available on the
website of the International Society of Radiology (http://www.isradiology.org/isr/books_technique.php)
(7). Also, the Handbook for district hospitals in resource constrained settings on quality assurance of chest
radiography was developed specifically for TB programmes (35).

Quality control of CXR reading is also essential. Underreading leads to missed opportunities for diagnosing
and treating TB, and overreading leads to excess burdens on TB laboratories, as well as possible false-
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positive clinical diagnoses (70). Another resource developed specifically for quality assurance in TB
programmes in district hospitals is the Handbook for district hospitals in resource constrained settings for
the quality improvement of chest X-ray reading in tuberculosis suspects (36).

In addition to qualifications such as diplomas, masters’ degrees and fellowships, several distance-learning
or self-training opportunities are available for ensuring quality control standards. Additionally, some
professional societies have developed educational materials, and some of these are listed at the end of
this chapter. The International Commission on Radiology Education, part of the International Society of
Radiology, provides its own educational materials as well as links to materials from other sources (717).

Standardized CXR reporting forms and peer review, which may be accomplished by holding regular
conferences in hospitals or at local TB diagnostic committees, can be useful for standardizing reading and
interpretations. In systematic TB screening campaigns and TB prevalence surveys involving non-specialist
screening physicians or clinical officers, a specialist often assesses the primary reading (in what is known
as a central reading system). Comparing laboratory results with CXR results can help to improve the quality
of radiological screening and diagnosis. Monitoring the proportion of clinically diagnosed cases out of all
TB cases can serve as an indicator of diagnostic quality. However, WHO has not defined formal procedures
for internal or external quality assessment of CXR interpretation for TB screening and detection.

5.5 Safety

A proportion of the X-rays used in radiography are absorbed by the body. The potential effects from ionizing
radiation depend on the dose. At doses much higher than those of typical diagnostic imaging exams,
the damage may be extensive enough to affect tissue function, and the damage may become clinically
observable (for example, as skin reddening or burns). Effects of this type are called tissue reactions or
deterministic effects, and they occur only if the radiation dose exceeds a certain threshold (42). The long-
term risks from ionizing radiation include an increased risk of cancer.

Direct CXR is a safe technology using a radiation dose of 0.1 mSy, which corresponds to 1/30 of the
average annual radiation dose from the environment (3 mSv) and 1/10 of the annual accepted dose of
ionizing radiation for the general public (1 mSv). As a point of reference, the radiation dose of one CXR is
equivalent to or less than the radiation exposure received during return travel on an intercontinental flight.

Therefore, exposure to the low radiation doses delivered to patients during a CXR poses a small risk of
inducing tissue reactions or cancer in the years to decades following the examination (43). However, it
should be noted that a linear non-threshold relationship is assumed between radiation exposure and the
risks of effects of this nature. Based on this linear model, the probability of developing cancer is presumed
to increase even following exposure to low doses of radiation, although the increase in risk is extremely
small. Even though the individual risk associated with radiation exposure from CXR is low, when a large
number of individuals are exposed, the associated risks may still constitute a public health issue.

Children and pregnant women are especially vulnerable to ionizing radiation. Also, children have a longer
life expectancy, resulting in a larger window for developing long-term radiation-induced health effects.
When imaging small children and infants, exposure parameters should be adjusted from those used for
adults to avoid using a higher dose than necessary. Unnecessarily high doses and their associated risks
can be substantially reduced without affecting image quality by customizing exposure settings to deliver
the lowest radiation dose necessary for providing an image that is fit for the clinical purpose. For pregnant
women and the fetus, a CXR does not pose any significant risk, provided that good practices are observed,
as the primary beam is targeted away from the pelvis (27).

Due to the potential risks, the decision to expose patients to radiation during imaging procedures must
adhere to two overall principles of radiation protection in medicine: justification and optimization. Justification
means that the need for medical imaging should be assessed by weighing the expected benefits against
the potential radiation risk, taking into account the benefits and the risks of alternative techniques that do not
involve exposure to radiation. The procedure should be judged to do more good than harm. Optimization in
medical imaging refers to keeping doses as low as reasonably achievable to obtain a useful image. X-ray
personnel should at all times ensure that the benefits of an examination outweigh the potential risks from
radiation exposure and that the patient is exposed to as little radiation as possible (74, 44, 45).
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Staff performing CXR must be familiar with protection measures for themselves, for patients and for others
who may be exposed. Important concepts in radiation protection include consideration of the following
areas:

Type of exposure, including:

* medical exposure (exposure of clients, such as patients and study participants);
* occupational exposure;
* public exposure.

Place of exposure, including:
* controlled areas, such as the X-ray room and areas directly connected to X-ray rooms (used by X-ray
staff and assistants during the X-ray examinations);

* supervised areas, such as areas in the vicinity of the X-ray room, which are usually part of the X-ray
department.

Protection measures, including:

* shielding — that is, barriers of attenuating material around the radiation source, such as concrete
walls and lead-containing panels, curtains and windows;

» distance from the radiation source.

Preventing exposure for staff and the general public is particularly important when X-ray systems are taken
outside of medical facilities, such as during systematic screening using mobile CXR in the community.
Tuberculosis prevalence surveys.: a handbook provides advice on how to ensure safety in the field (27).
When a van with a full size X-ray system with safety and power features appropriate for a hospital is
available, the safety standards applied for health facilities can be used. When portable CXR units are
placed in non-shielded areas, then restricted areas should be set up, clearly marked and monitored under
the guidance of the radiological unit of the survey team. Radiometers and film badge dosimeters should
be used, and rules should be devised for how to direct the X-ray beam.

More information can be found in the following resources:

* Radiation protection and safety of radiation sources: international basic safety standards, interim edition (46)
* Tuberculosis prevalence surveys: a handbook (21)

* WHO'’s diagnostic imaging website (74)

*  WHO'’s Consumer guide for the purchase of X-ray equipment (38)

* Handbook for district hospitals in resource constrained settings for the quality improvement of chest X-ray
reading in tuberculosis suspects (36)

* Handbook for district hospitals in resource constrained settings on quality assurance of chest radiography (35)
* Communicating radiation risks in paediatric imaging (47)

* International Commission on Radiology Education (42)

* World Federation of Pediatric Imaging: TB resources (48)

* Radiographic manifestations of tuberculosis: a primer for clinicians (9)

* Screening chest X-ray interpretations and radiographic techniques (10).
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6. STRATEGIC PLANNING FOR USING CHEST X-RAY
IN NATIONAL TB CARE

This chapter describes the strategic planning steps needed to introduce, expand, or systematize the use
of CXR in TB care and prevention. Since CXR is not a TB-specific tool, developing a strategic plan for CXR
should be done as a part of making general improvements to imaging services in the healthcare sector
and within the broader framework of health-system strengthening and providing universal health coverage.
This will increase the relevance and acceptance of investments in the technology and related capacity
strengthening, and improve the overall efficiency and cost effectiveness of radiography services.

Accordingly, the strategic planning process should involve all relevant stakeholders interested in introducing
or expanding the use of CXR within the health sector. Including all stakeholders can be beneficial because
different stakeholders will be able to utilize different sources of funding. However, this strategy may also
be hampered by conflicting goals or expectations. If possible, the process needs to be integrated into the
development of a national strategic plan for TB care, as well as into the broader national health plan. The
level of integration will depend on the structure of the national health system and the level of decentralization
in planning, as well as the timing of the strategic planning process at all levels.

Strategic planning involves:

1. defining the objective of using CXR in the health system;
2. performing a situation analysis;

3. defining specific TB targets to which introducing, expanding or systematizing the use of CXR will
contribute;

4. developing an operational plan, with a detailed budget and financing plan.

Strategic planning for CXR should begin by defining the objective of using CXR within the health system
and within the NTP national strategic plan — for example, it may be used to improve care for patients with
respiratory diseases. Planning should then proceed by undertaking a situation analysis to understand
the current state of and capacity for CXR in the country, the current epidemiology of TB and the possible
contribution of CXR to TB care. Table 1 specifies the relevant questions that should be addressed by the
situation analysis; the process should focus on those issues that are most relevant to the stated objective
for current and planned use of CXR.
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Area to | Relevant issues to be addressed Potential
assess information
sources
Determine the current state of CXR use in healthcare in the country, within both the Service availability
public and the private sectors, including: and readiness
+ existing infrastructure, equipment (including specifications) and current workload ~ @ssessment (known
and capacity; as SARA) surveys;
* existing human resources available to both conduct and read CXRs, and any national health
available measures of their competencies; insurance plans
* existing internet connectivity capacity for e-health/telemedicine options, if otr Oﬂ:er PENIITE:
applicable: structures
* percentage of machines that are operational;
* maintenance arrangements: how are maintenance issues reported and acted
upon? What human resources and which budget (or budgets) are used for
maintenance?
e current financing: who pays for new equipment and for ongoing consumables,
and from which budget (or budgets)?
- * what is the fee structure for end users, if any, in both the public and private
'§ sectors?
o  all stakeholders interested in using CXR and improving its use.
(&)
§ Determine existing national policies and regulations affecting the use of radiology, National guidelines
o including: on radiation safety;
* its placement on the list of essential diagnostic services for the health service; national screening
* its placement on the list of essential medical devices; policies for using
* quality assurance and quality control mechanisms; L SL.JCh as (e
- . screen immigrants
» safety policies and practices; or for occupational
* other existing national policies regarding the use of radiography, such as health screening, or
policies pertaining to health screening for immigrants or for occupational health screening in prisons
screening.
Map needs for human resources and capacity strengthening in the public and private Professional
sectors for introduction, scale up and quality assurance/quality control; consider: societies that utilize
« radiologists and radiographers; CXR (such as
. fessional ieties- radiologists and
professional societies; pulmonologists)
* infrastructure for training and capacity strengthening;
 capacity for e-health/telemedicine options.
Determine the current epidemiology of TB in the region, including: National TB
« the geographical distribution of cases; surveillance data;
+ the age distribution of cases; WHO's global TB
E * current case-detection gaps; report; prevalence
ks . . . . surveys; other
> * the current epidemiology of risk factors for TB; relevant research
_8’ * any results from prevalence surveys or other research indicating the proportion findings from the
2 of bacteriologically confirmed cases reporting no or vague symptoms of TB country
QE, because this indicates the contribution that CXR could make to case detection;
% * CXR accuracy data from prevalence surveys or other research;
Im]
* the profile of persons with suspected TB and where they would likely enter
the health system, or how they could be detected through active case-finding
initiatives (including children), as this will determine the current gap in CXR
services and the potential workload of CXR.
Consider current and planned activities that require increased introduction or scale up National strategic
o of CXR and quality assurance in the country in terms of: plan for TB;
x . . -
SO ° improving triaging; concept notes from
%- 2« improving the clinical diagnosis of TB; the Global Fund,
S . :
g ©° * improving the diagnosis of childhood TB; or S|m|lar strateglp
= Z planning for funding

.

implementing systematic screening in risk groups;
scaling up detection and treatment of latent TB infection.

CXR: chest X-ray.
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Based on the findings of the situation analysis, the TB control targets that CXR will contribute to need to be
defined for its introduction, and for expanding or systematizing its use. For example, it should be specified
whether the intended target is to increase case detection, rationalize the use of Xpert MTB/RIF testing or
assist with the initiation of treatment for LTBI. Similarly, stakeholders not using CXR for TB should define
their targets for introducing or expanding CXR use.

The operationalization plan for integrating CXR into TB control should then be defined, beginning with
the broader questions of CXR technology and placement in the healthcare system, and then using that
information to proceed to address more detailed aspects of implementation, such as the following.

* Where in the health system will CXR will be placed — for example, at the primary healthcare level, at
the referral level, in hospitals, in mobile screening units?

*  Which CXR technology is best suited to the planned placement, or the desired improvement in the
quality of existing CXR technology? This will be determined largely by the intended uses for CXR -
for example, whether it will be used in routine care at primary healthcare centres or in a prevalence
survey.

* What additional infrastructure or equipment will be required, such as vans for mobile screening units
or computers and internet connectivity for digital systems?

* What is the approximate cost of such equipment, both in terms of procurement and ongoing
operation and maintenance costs? Detailed budgeting comes later in the process (see below), but
rough budget estimates are needed earlier to check that the proposed approaches are broadly
affordable and cost effective.

* What is the place of CXR in triaging, screening and diagnostic algorithms? What possible
modifications could be made to current algorithms to make better use of CXR?

* What is the expected increase in TB detection from the new algorithms or new placement of a CXR
system?

* What human resources are required for CXR use?

* What are the initial training requirements and ongoing quality assurance requirements for CXR use?

* [s there a need for technical assistance during the implementation of the operational plan?

* What is the plan for monitoring and evaluating the use of CXR?

* What is the plan for any operational research to be conducted in conjunction with CXR use in TB
control? How will the associated data security and patient privacy issues be addressed?

* What implementation steps are required to achieve the defined objectives and targets, and who will
perform the steps and when?

Along with this operational plan, a detailed budget needs to specify who will pay for the costs associated
with using CXR, taking into account the different levels and budgeting processes of the entire health system.
The budget should show the total cost of implementing and operationalizing CXR activities, the sources of
funding and the funding gaps. The NTP, other departments of the ministry of health and other concerned
ministries should work together to address the gaps in funding CXR for TB care to ensure the costs are not
passed on to patients. Such costs can be catastrophic for individuals already facing severe economic and
other stresses as a result of their illness.

For more details, see WHO's Toolkit to develop a national strategic plan for TB prevention, care and control
(49).
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Annexes

Annex 1.
Yield and costs of triage algorithms in a hypothetical population of 100 000 with
different TB prevalence levels

The vyields of true-positive, false-positive, true-negative and false-negative TB diagnoses (using liquid
culture as the gold standard), and the cost per true case of TB detected, were modelled for different
triage algorithms and different prevalence levels in a hypothetical population of 100 000 persons seeking
healthcare.

Table A1 displays the assumptions about test accuracy that are based on estimates from the systematic
review done for the guideline on systematic screening for active TB (4). It should be noted that these
estimates are from systematic screening studies (mainly TB prevalence surveys) and are likely to be
different in a triage scenario. The reason for using these assumptions is that no data from systematic
reviews are available for triage scenarios. The cost estimates are the same as the pre-set values on the
ScreenTB tool. The ScreenTB tool (5, 72) can be used to model the yield and costs for these algorithms
based on different assumptions.

Table A1. Assumptions used to model the yield and costs per true case of TB detected

Sensitvty |__ Specifcity Operational costs*

Cough screen 0.35 0.95 0.05
Any symptom screen 0.77 0.68 0 0.05
Digital chest X-ray 0.98 0.75 1.00 4.00
Sputum-smear microscopy 0.61 0.98 1.50 0.50
Xpert MTB/RIF assay® 0.92 0.99 10.00 7.00

a Costs are per person tested in US dollars.
® Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, United States).

Table A2 displays the results of modelling with a TB prevalence of 250 cases per 100 000 population; Table
A3 displays the results of modelling with a TB prevalence of 500 cases per 100 000 population; and Table
A4 displays the results of modelling with a TB prevalence of 1 000 cases per 100 000 population.
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Table A2. Yield and costs per true case of TB detected by triage algorithms in a hypothetical
population of 100 000 with a TB prevalence of 250 cases/100 0002

True False False True Cost per Number

positive positive negative negative case needed to

screen®

1 (Prolonged cough — SSM) 53 100 197 99 650 286 1887

2 (Prolonged cough - CXR —> 52 25 198 99 725 635 1924
SSM)

3 (Any symptom — SSM) 117 638 133 99 112 592 855

4 (Any symptom —> CXR —> 115 160 1185 99 590 1582 870
SSM)

5 (CXR—> SSM) 149 499 101 99 251 3694 672

6 (Prolonged cough — Xpert) 80 50 170 99 700 1141 1250

7 (Prolonged cough - CXR —> 79 12 171 99 738 671 1266
Xpert)

8 (Any symptom — Xpert) 177 319 73 99 431 3112 565

9 (Any symptom — CXR —> 174 80 76 99 670 1750 515
Xpert)

10 (CXR —> Xpert) 225 249 25 99 501 4125 445

CXR: chest X-ray; SSM: sputum-smear microscopy; Xpert: Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, United States).
a The algorithms are described in detail in Chapter 2.
® This is the number needed to screen to detect one true case.

Table A3. Yield and costs per true case of TB detected by triage algorithms in a hypothetical
population of 100 000 with a TB prevalence of 500 cases/100 0002

True False False True Cost per Number

positive positive negative negative case needed to

screen®

1 (Prolonged cough — SSM) 107 100 393 99 400 143 935

2 (Prolonged cough - CXR — 105 25 395 99 475 320 953
SSM)

3 (Any symptom — SSM) 235 637 265 98 863 296 426

4 (Any symptom — CXR — 230 159 270 99 341 795 435
SSM)

5 (CXR—> SSM) 299 498 201 99 002 1842 885

6 (Prolonged cough —> Xpert) 161 50 339 99 450 B 622

7 (Prolonged cough = CXR — 158 12 342 99 488 347 633
Xpert)

8 (Any symptom — Xpert) 354 318 146 99 182 1562 283

9 (Any symptom — CXR — 347 80 153 99 420 887 289
Xpert)

10 (CXR — Xpert) 451 249 49 99 251 2 065 222

CXR: chest X-ray; SSM: sputum-smear microscopy; Xpert: Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, United States).
2 The algorithms are described in detail in Chapter 2.
® This is the number needed to screen to detect one true case.

35



Chest radiography in tuberculosis detection

Table A4. Yield and costs per true case of TB detected by triage algorithms in a hypothetical
population of 100 000 with a TB prevalence of 1 000 cases/100 0002

True False False True Cost per Number

positive positive negative negative case needed to

screen®

1 (Prolonged cough - SSM) 214 99 786 98 901 73 468

2 (Prolonged cough - CXR —> 209 25 791 98 975 166 479
SSM)

3 (Any symptom — SSM) 470 634 530 98 366 149 213

4 (Any symptom — CXR — 460 158 540 98 842 401 218
SSM)

5 (CXR—> SSM) 598 495 402 98 505 922 168

6 (Prolonged cough — Xpert) 322 50 678 98 950 295 311

7 (Prolonged cough - CXR —> 316 12 684 98 988 185 317
Xpert)

8 (Any symptom — Xpert) 708 317 292 98 683 786 142

9 (Any symptom — CXR — 694 79 306 98 921 453 145
Xpert)

10 (CXR —> Xpert) 902 248 98 98 752 1039 111

CXR: chest X-ray; SSM: sputum-smear microscopy; Xpert: Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, United States).
a The algorithms are described in detail in Chapter 2.

® This is the number needed to screen to detect one true case.
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Annex 2.
Proportion of TB cases detectable through screening with chest X-ray or by
screening for chronic cough

The results of several recent prevalence surveys are presented below (Table B1), including the proportion
of TB cases identified that reported various TB symptoms and that had abnormal CXR results. In particular,
the column “Percentage positive only by CXR” demonstrates the potential contribution of CXR to TB
detection over screening or triage based on symptoms alone.

Table B1. Proportion of TB cases detectable through screening with chest X-ray or by screening
for chronic cough among persons diagnosed with bacteriologically confirmed TB in recent TB
prevalence surveys?

Country No. of No. No. No. | Percentage | Percentage | Percentage
bacteriologically | symptom | symptom | symptom positive positive positive
confirmed cases | positive, | positive, [ negative, by both only by only by

CXR CXR CXR CXR and CXR | symptoms
positive | negative positive | symptoms

Cambodia 314 90 3 216 29 69 1

Ethiopia 110 45 12 53 41 48 11

Gambia 77 32 12 33 42 43 16

Ghana 202 67 15 85 B8 42 7

Indonesia 426 220 25 181 52 42 6

Laos 237 111 7 119 47 50 &

Malawi 132 25 67 40 19 30 51

Mongolia 248 44 7 190 18 77 3

Myanmar 311 65 1 231 21 74 0

Nigeria 144 76 16 52 58 36 11

Pakistan 341 157 40 142 46 42 12

Rwanda 40 1% 4 21 38 53 10

Sudan 112 44 8 43 8S 38 7

Thailand 142 42 6 94 30 66 4

Uganda 160 63 16 81 39 51 10

Zambia 265 115 46 104 43 39 17

Zimbabwe 107 29 10 64 27 60 9

CXR: chest X-ray.
a Data from country prevalence surveys or personal communication. Information about sources available upon request.
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