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Glossary

Acid fast bacilli
Bacteria which, having been stained with a dye, retain their colour in acid alcohol. Used as a technigque

for microscopic detection of mycobacteria.

Active tuberculosis

Infection with mycobacteria of the M. tuberculosis complex, where mycobacteria are growing and
causing symptoms and signs of disease. This is distinct from latent TB, where mycobacteria are present,
and may be dormant, but are not causing disease. The symptoms of disease include weakness, weight
loss, fever, no appetite, chills and sweating at night. Other symptoms of TB disease depend on where in
the body the bacteria are growing. If TB is in the lungs (pulmonary TB), the symptoms may include a
cough, pain in the chest, and coughing up blood. (Source: www.hpa.org.uk).

Adherence
The term adherence refers to the patient's ability or choice to adhere to a treatment regimen. Also see

"Concordance".

Algorithm (in guidelines)
A flow chart of the clinical decision pathway described in the guideline, where decision points are

represented with boxes, linked by arrows.

Atypical mycobacteria

Mycobacteria other than those of the M. tuberculosis complex.

Bacille Calmette-Guerin vaccine

A vaccine for TB named after the French scientists Calmette and Guerin. (Source: www.hpa.org.uk).

Cochrane Review
A systematic review of the evidence from randomised controlled trials relating to a particular health
problem or healthcare intervention, produced by the Cochrane Collaboration. Available electronically as

part of the Cochrane Library.
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Cohort study

A retrospective or prospective follow-up study. Groups of individuals to be followed up are defined on
the basis of presence or absence of exposure to a suspected risk factor or intervention. A cohort study can
be comparative, in which case two or more groups are selected on the basis of differences in their

exposure to the agent of interest.

Compliance

The extent to which a patient complies with a recommended treatment regimen. In recent years use of the
term compliance has been discouraged due to its connotations of patient subservience. (See
"Concordance" and "Adherence").

Concordance
Concordance is a concept reflecting agreement between clinicians and patient on the best course of
managing a disease, and adherence to that course until alternatives are agreed on and adopted.

Concordance

The percentage of agreement between two tests.

Confidence interval

A range of values which contains the true value for the population with a stated "confidence"
(conventionally 95%). The interval is calculated from sample data, and generally straddles the sample
estimate. The 95% confidence value means that if the study, and the method used to calculate the interval,

is repeated many times, then 95% of the calculated intervals will actually

Contact (domestic, close, casual, and workplace)

A person who has spent time with a person with infectious TB. (Source: www.hpa.org.uk).

Cost-effectiveness analysis
An economic study design in which consequences of different interventions are measured using a single
outcome, usually in natural units (for example, life-years gained, deaths avoided, heart attacks avoided,

cases detected. Alternative interventions are then compared in terms of cost per unit of effectiveness.

Cost-utility analysis

A form of cost-effectiveness analysis in which the units of effectiveness are quality-adjusted life-years

20



Pre-peer review version — 06/03/2015

(QALYs5).

Culture

The process of growing TB bacteria from sputum or other samples for identification and diagnosis.

Discordance
The percentage of disagreement between two tests.

Gamma-interferon test (correctly, Interferon-gamma)
A blood test used to diagnose latent TB (which may be used as an alternative, or an addition, to tuberculin
skin tests) based on detecting the response of white blood cells to TB antigens.

High-incidence country
Following the widely used threshold, any country with an incidence equal to or greater than 40 cases per
100,000 population per year. A similar definition is made for areas within countries and may be used o

decide on local need for vaccination, for instance for neonatal BCG vaccination.

Immunocompromised

Immunocompromised refers to an individual who has a significantly impaired immune system. For
instance this may be due to prolonged steroid use, TNF-o antagonists, anti-rejection therapy, the use of
immunosuppression-causing medication or co morbid states that affect the immune system, for example

HIV, chronic renal disease, many haematological and solid cancers and diabetes.

Infectious TB
Active sputum smear-positive pulmonary tuberculosis, i.e. with acid fast bacilli visible on microscopy.
Active TB affecting other parts of the respiratory tract or oral cavity, though rare, is also considered

infectious.
Latent tuberculosis
Infection with mycobacteria of the M. tuberculosis complex, where the bacteria are alive but not currently

causing active disease. Also known as latent TB infection, or LTBI.

Mantoux test

A type of tuberculin skin test in which tuberculin is injected intracutaneously. The injection site is
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examined for signs of an immune response after 2-3 days. (Also see "Tuberculin skin test" and "Heaf
test™).

Multidrug-resistant TB

Tuberculosis resistant to isoniazid and rifampicin, with or without any other resistance.

Mycobacterium tuberculosis complex (M. TB Complex)
The related mycobacterial species M. tuberculosis, M. bovis and M. africanum which can cause

tuberculosis in humans.

Skin test
See "Tuberculin skin test".

Smear-positive

See "Sputum smear-positive".

Specificity (of a test)
The proportion of individuals classified as negative by the gold (or reference) standard, who are correctly
identified by the study test.

Sputum
Mucus expelled from the bronchi and lungs by coughing (or retrieved from gastric washings, see above)
Sputum is examined for TB bacteria by microscopic examination of a stained smear; part of the sputum

can also be used for culture.
Sputum smear-positive ("Smear positive")

Respiratory tuberculosis in which mycobacteria (‘acid-fast bacilli’, AFB) have been seen in a stained

smear of sputum examined under a microscope. (Source: www.hpa.org.uk).
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Abstract
Background

Tuberculosis (TB) is a major cause of morbidity and mortality globally. Nearly one-third of the world’s
population is infected with Mycobacterium tuberculosis (MTB) with an annual incidence of nine million

new cases and two million deaths worldwide.

Objectives

To investigate the clinical effectiveness and cost-effectiveness of screening tests (IGRAs and TST) in
latent tuberculosis infection (LTBI) diagnosis in three population groups: children, immunocompromised
people, and those who have recently arrived to the UK from high incidence countries. All these groups

are at higher risk of progression from LTBI to active TB.

Data sources
Electronic databases including MEDLINE, EMBASE, The Cochrane Library, Current Controlled Trials,

and others were searched and updated in December 2014.

Review methods

English language studies evaluating head-to-head effectiveness of commercially available tests used for
identifying LTBI in children, immunocompromised people, and recent arrivals to the UK were eligible for
inclusion. The two included interventions were IGRAs (QuantiFERON-TB Gold-In-Tube (QFT-GIT)
and T-SPOT.TB) and the comparator was TST 5mm or 10mm alone or plus IGRA. Two independent
reviewers screened all identified records, undertook quality assessment and data synthesis. A de novo

model, structured in two stages was developed to compare the cost-effectiveness of diagnostic strategies.

Results

A total of 6,687 records were screened of which 54 (53 unique studies) were included and a further 37
additional studies from CG117. The majority of included studies compared strength of association for
QFT-GIT/G IGRA vs. TST (5mm or 10mm) in relation to incidence of active TB or prior TB exposure.
Ten studies reported evidence on decision analytical models to determine the cost-effectiveness of IGRAS

compared with TST for the diagnosis of LTBI.
In the children population, TST (> 5Smm) negative followed by QFT-GIT strategy was the most cost-

effective strategy with an incremental cost-effectiveness ratio (ICER) of £18,900 per QALY gained. In
the immunocompromised population, the QFT-GIT negative followed by TST (> Smm) strategy was the
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most cost-effective strategy with an ICER of approximately £18,700 per QALY gained. In the recently
arrived population, the TST (> 5mm) alone strategy was less costly and more effective than TST (> Smm)

positive followed by QFT-GIT, T-SPOT.TB and QFT-GIT alone testing strategies.

Limitations

The limitations in evidence (e.g., absence of gold standard in LTBI diagnosis, risk of bias in individual
studies, scarcity of evidence, test administration/interpretation, variation in the exposure-based definitions
of LTBI construct, limitations of the screening tests) and heterogeneity in IGRA performance relative to
TST limits the extent of applicability of the review findings.

Conclusions

Given the current evidence available, the cost-effectiveness results showed that TST (> Smm) negative
followed by QFT-GIT was the most cost-effective strategy in children, QFT-GIT negative followed by
TST (> 5mm) in an immunocompromised population and TST (> Smm) for recent arrivals in diagnosing
LTBI that progresses to active TB. These results should be interpreted with caution, given the limitations
identified.

Study registration

This study is registered as PROSPERO 32014000500.

Funding
The National Institute for Health Research Health Technology Assessment programme.
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Scientific summary

Background

Tuberculosis (TB) is a major cause of morbidity and mortality worldwide. The timely identification and
prophylactic treatment of people with latent tuberculosis infection (LTBI) is of public health and clinical
importance. Unfortunately, there is no diagnostic gold standard for identification of LTBI. Instead, the
available screening tests provide indirect and imperfect information. There are two types of tests in use in
the UK: 1) the tuberculin skin test (TST) read at two levels (5mm and 10mm) and 2) the interferon
gamma (IFN-y) release assays (IGRAs).

In this review we updated a previous clinical guideline (CG117) and investigated the clinical
effectiveness and cost-effectiveness of screening tests (IGRAs and TST) in LTBI diagnosis in three
population groups: children, immunocompromised people, and those who have recently arrived to the UK

from high incidence countries. All these groups are at higher risk of progression from LTBI to active TB.

This review addressed the following questions: Which diagnostic strategy is most clinically and cost-
effective in accurately identifying latent TB

e inchildren?

e in people who are immunocompromised?

e in people who are recent arrivals from countries with a high incidence of TB?

Methods

Clinical effectiveness

Search strategy

Search strategies comprised the following main elements: a) search of electronic bibliographic databases
(MEDLINE, EMBASE, the Cochrane Library, the Science Citation Index and Conference Proceedings,
HEED, etc.) (updated on 2 December 2014); b) contact with experts in the field; c) scrutiny of references
of included studies and systematic reviews; and d) screening of manufacturers’ and other relevant

websites.

Study eligibility criteria

English language studies evaluating and comparing head to head effectiveness of commercially available

tests used for identifying people with LTBI were eligible for inclusion in the review.
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Populations
e Children (both genders, age < 18 years, immunocompetent)
e Immunocompromised or at risk of immunosuppression (both genders, any age, transplant
recipients, HIV, renal disease, haematological disease, autoimmune disease, recipients of anti-
TNF-a treatment, steroids, or cyclosporins)
o People recently arrived from regions with a high incidence/prevalence of TB (both genders, any

age, immunocompetent, areas with estimated incidence 40 per 100,000 or greater)

Intervention

Two IGRAs:
e QuantiFERON-TB Gold In Tube (QFT-GIT) (old version: QuantiFERON-TB Gold [QFT-G])
e T-SPOT.TB

Comparator

e TST 5mm or 10mm (Mantoux test) alone or plus IGRA (one- or two-step testing)

Outcome
Associations between test results and validity constructs for LTBI:
e Progression to active TB
e Prior exposure to Mycobacterium tuberculosis (MTB; defined by proximity, duration, geographic
location, or dose-response gradient)

e People at low risk of MTB or healthy populations

Study
¢ Randomised controlled trials, retrospective or prospective cohort studies

e Cross sectional or case-control studies
Economics
o Decision-analytic models investigating cost-effectiveness

e Costs studies

Exclusions

e Studies using test results as proxies for LTBI
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e Non-commercial/in-house IGRAs, 1% generation QFT, or tests unavailable in UK

o Studies reporting only between-test agreement

Study selection, data extraction and quality assessment

Two independent reviewers, screened all identified records. Disagreements were resolved by discussion

and recourse to a third reviewer.

Similarly relevant data were extracted independently and disagreements resolved by recourse to a third
reviewer. For each test, summary parameters (e.g., sensitivity, specificity, diagnostic odds ratios,
cumulative incidence ratios, percent concordance, kappa statistic) with corresponding measures of
variability (95% Cls, p-value) were extracted or calculated (e.g., using construct validity categories of
exposure levels or progression to active TB, where data permitted).

Risk of bias and methodological quality were also assessed independently using QUIPS and a modified

tool by Dinnes et al. (2007) for incidence and exposure studies and CHEERS and Philips’ checklists for

economics studies.

Data synthesis and analysis

Predictive values for IGRAs and TST for progression to active TB (incidence studies), degree of
association of IGRAs and TST results with prior exposure to MTB (defined by proximity, duration, or
dose-response gradient), and compared specificity of IGRAs and TST in healthy populations were

assessed. We measured concordance/discordance between IGRAs and TST.

Summary effectiveness measures were pooled using a random effects model. Heterogeneity was
determined visually and by the I° statistic, and Chi-square test (two tailed, p < 0.10). Subgroup analyses
(by TST threshold, IGRA type, setting, TB burden and clinical condition) were undertaken to explore

heterogeneity. Calculations were performed with MetaDisC version 1.4 (Madrid, Spain) and Stata.

Cost-effectiveness

A de novo model structured in two stages (decision tree and infectious disease model) was developed in R
(version 3.1.1) to compare the cost-effectiveness of diagnostic strategies. The first stage included
pathways following testing for one-year before entering the second stage — an infectious disease model.

Four diagnostic strategies were examined for each population:
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TST alone
IGRA alone
Combinations of sequential TST and IGRA

Simultaneous testing

For the infectious disease stage the following states were modelled:
e Active TB
e LTBI —treated for LTBI
e LTBI - untreated

No TB/LTBI — treated for LTBI

No TB/LTBI - untreated

Information required to parameterise the model included prevalence, sensitivity and specificity, adverse
events, resource use and costs, and utilities. We used clinical information from the review. We used
Bayesian MCMC to estimate study prevalence and test performance accounting for the underlying
prevalence in each of the studies in the evidence base. We then made a further assumption about the
relationship between prevalence in the studies and that in the decision population. In the models, we used

QFT-GIT as the base-case values for the analysis.

Resource use and costs were obtained from the cost-effectiveness review, NHS reference costs 2012/13,
the NHS drug tariffs and from clinical experts. Costs were adjusted to 2012/2013 prices. The simulation
was run for 100 years, with 3.5% discount rates and with an NHS and PSS perspective. A utility
decrement of 0.15 was applied to Health Survey for England values for people who received treatment for

active TB.

Outcomes were expressed as incremental cost effectiveness ratios (ICER) for cost per quality adjusted
life-year (QALY) and cost per diagnostic error avoided. Univariate and probabilistic sensitivity analyses

were undertaken.

Results
Clinical effectiveness
We identified 6,687 records. After removing duplicates, 3,757 records were screened, of which fifty-four

(53 unique studies) were included. We included 37 additional studies from CG117.
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The majority of included studies compared strength of association for QFT-GIT/G IGRA vs. TST (5mm
or 10mm) in relation to incidence of active TB or prior TB exposure (e.g., proximity to, relationship with
an active case or weighted exposure score). Seven of the 15 incidence group studies had high risk of bias,
six moderate risk and two had low risk of bias. Twenty-nine of the 38 exposure studies were of lower

quality.

Children
Results of 27 studies were:
e Incidence studies:
o TST-5mm: there was no difference with QFT-GIT (2 studies; pooled ratio of cumulative
incidence ratio (R-CIR) = 1.12, 95% CI: 0.72, 1.75)
o TST-10mm: QFT-GIT was better (3 studies; pooled R-CIR = 4.33, 95% CI: 1.32, 14.23)
e Sensitivity and specificity:
o TST-5mm: IGRA (QFT-GIT/G) had a similar range of sensitivity (48%-100% vs. 57%-
100%) and slightly better specificity (49%-90% vs 45%-65%)
o TST 10mm: IGRA had a higher range of sensitivity (48%-100% vs 30%-56%), and a
slightly lower specificity (49%-90% vs. 63%-93%)
e Exposure studies IGRA performed better compared to TST 5mm/10mm in 14 studies:
o Pooled ratio of diagnostic odds (R-DOR) = 1.98, 95% CI: 1.19, 3.28; I> = 89%
e Subgroup analyses (stratified by TB burden setting):
o Inlow TB burden settings: IGRAs were superior to TST 5mm/10mm (6 studies: pooled
R-DOR = 4.74, 95% ClI: 2.15, 10.44)
o Inhigh TB burden settings there was no difference (8 studies; pooled R-DOR =1.13,
95% ClI: 0.78, 1.65)

Immunocompromised people

The 48 studies were stratified into: HIV, solid organ transplantation candidates, post kidney
transplantation, hemodialysis (end stage renal disease), immune-mediated inflammatory diseases before
anti-TNF-a therapy, Hepatitis C, and lupus erythematosus.
e Incidence studies:
o Inthe two studies reporting data: R-CIR estimates were non-significant with wide 95%
Cls
e Exposure studies:
o IGRAs performed better than TST 5mm/10mm in people with
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= Hemodialysis (4 studies; pooled R-DOR = 2.53, 95% CI: 1.48, 4.34)
» Hepatitis C (R-DOR = 8.45, 95% ClI: 3.71, 19.24)
e TST 10 mm performed significantly better for people with
o HIV/AIDS compared to QFT-GIT (2 studies; pooled R-DOR = 0.35, 95% CI: 0.15,
0.83)
e  Sub-group analysis (stratified by condition): R-DOR estimates were non-
significant/inconclusive with wide 95% CI in people with
o lupus erythematosus
o immune-mediated inflammatory diseases before anti-TNF-a therapy,
o solid organ transplantation candidates

o kidney transplant recipients

Recently arrived people from high TB burden areas

Results of 15 studies were:
e Incidence studies:
o TST 5mm/10mm showed no significant difference with QFT-GIT (2 studies; pooled R-
CIR =1.57, 95% CI: 0.52, 4.76)
o TST 10mm showed no significant difference with T.SPOT.TB (R-CIR=0.37, 95% ClI:
0.10, 1.41)
e Exposure studies:
o TST 10mm: there was no significant difference with QFT-GIT (3 studies; pooled R-DOR
=0.96 Cl: 0.69, 1.33)

Cost-effectiveness
Ten relevant studies were identified, and all performed well against frameworks for best practice for

reporting economic evaluations.

Bayesian meta-analysis of relevant studies gave the following values for use in the models:

Sensitivity, % Specificity, %

(95% credible interval) (95% credible interval)
Children
TST (= Smm) 72.80 (60.59 — 72.94) 49.03 (47.96 — 50.08)
TST (= 10mm) 53.51 (38.21 — 67.69) 74.81 (34.34 -76.18)
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QFT-GIT

68.84 (58.56 — 78.20)

61.03 (60.30  61.76)

T-SPOT.TB

50.00 (2.45 — 97.64)

77.58 (67.38 — 86.40)

Immunocompromised

TST (> 5mm)

32.42 (11.19 - 58.48)

74.22 (72.88 — 75.57)

TST (= 10mm)

16.82 (2.52 — 38.99)

83.97 (78.99 — 88.31)

QFT-GIT

55.48 (24.73 — 83.73)

82.27 (80.52 — 83.96)

T-SPOT.TB

66.65 (35.17 — 0.9144)

68.46 (63.46 _ 73.37)

Recently arrived

TST (= 5mm)

93.56 (77.86 — 99.77)

50.11 (47.90 — 52.29)

QFT-GIT

59.15 (35.84 — 81.42)

79.29 (77.80 — 80.73)

T-SPOT.TB

70.01 (39.78 — 92.42)

39.92 (34.39 — 45.54)

Model outputs - ICERS: cost per QALY and cost per diagnostic error avoided

e |nchildren:

O

TST (> 5mm) negative followed by QFT-GIT strategy was the most cost-effective with
an ICER of £18,900 per quality adjusted life-year gained
T-SPOT.TB was the most cost effective with an ICER of approximately £2700 per

diagnostic error avoided when compared to TST (> 10mm)

e Inimmunocompromised people:

O

QFT-GIT negative followed by TST (> 5Smm) was the most cost-effective with an ICER
of approximately £18,700 per QALY

QFT-GIT positive followed by TST (> 5mm) was the most cost-effective with an ICER
of approximately £300 when compared to TST (> 10mm)

e Inthe recently arrived population:

Discussion

O

TST (> 5mm) alone strategy was the most-cost-effective with ICER of approximately
£1500 per QALY when compared to QFT-GIT

TST (> Smm) positive followed by QFT-GIT strategy was the most cost-effective with
an ICER of approximately £700 per diagnostic error avoided compared to the QFT-GIT

alone strategy

Summary of results

In children, the limited evidence suggested that TST Smm was the best in predicting LTBI. TST (> S5Smm)

negative followed by QFT-GIT strategy was the most cost-effective strategy.
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IGRAs appeared to outperform TST in low versus high TB burden countries, a finding which is consistent
with a growing body of evidence showing reduced sensitivity and specificity of IGRAs in these settings.
This type of effect modification could be explained by higher frequency of exposure to MTB, different

transmission dynamics, malnutrition, co-morbidity, co-infection with HIV or helminthic infection.

For immunocompromised people most of the evidence was insufficient and inconsistent. There was large
variation in the performance of IGRA compared to TST across different clinical subgroups. QFT-GIT and
T-SPOT.TB performed better than TST 5mm/10mm for people undergoing haemodialysis and those with
hepatitis C. In contrast, QFT-GIT was significantly worse than TST 10 mm in people with HIV/AIDS.
This observation could potentially be explained by T lymphocyte depletion. For other clinical subgroups
of immunocompromised people evidence was inconclusive due to high uncertainty around statistically
non-significant effect estimates. The QFT-GIT negative followed by TST (> 5mm) strategy was the most
cost effective in this group with an ICER of approximately £18,700 per QALY.

Amongst recently arrived people from countries with a high TB burden, there was no significant
difference in the performance of IGRAs compared to TST in identifying LTBI. The TST (= 5Smm) alone
strategy was the most cost-effective with an ICER of approximately £1500 per QALY.

Strengths and Limitations

The findings of this review warrant a cautious interpretation. The evidence was inconclusive in large part
due to unexplained heterogeneity, poor reporting, missing data, and great uncertainty around the effect
estimates for the association between test results and the constructs of validity for LTBI. With no ‘gold
standard’ and inadequate definition of construct validity for LTBI (e.g., definitions of prior exposure may

not represent the true presence of LTBI), exposure misclassification was probably an important issue.

Other factors that may have contributed to this variability are study setting, type of population, type of
test, prior BCG vaccination, and the limitations of screening tests (inter-/intra-rater variability in
interpretation of test results, boosting, conversion, reversion, different cut-offs for test positivity, assay
manufacturing, pre-analytical processing, and/or incubation delay). Apart from these issues, various
sources of methodological bias may have independently distorted the review findings. For example, the
study findings may have been biased due to lack of blinding, selection bias, partial verification bias due to

incomplete outcome data assessment, and incorporation bias.

32



Pre-peer review version — 06/03/2015

Strengths of the cost effectiveness assessment include the building of a de novo two-stage model and the

use of review findings (coupled with Bayesian meta-analysis) to derive summary estimates of diagnostic

accuracy although we did not adjust for BCG status due to lack of data. A number of assumptions were

made including that TST was costed similarly for those which were read and those which were not.

Resource use was estimated with input from our clinical advisors.

Implications

Findings should be viewed by clinicians and policy makers cautiously because of the limited evidence,

the lack of a gold standard diagnostic test and the assumptions made. Clinicians should be mindful of the

variation in performance of the different testing strategies amongst different populations.

Research priorities

1.
2.
3.

Is the inconsistent performance of IGRAs in high vs. low TB settings replicable?

Prospective studies are needed for people at high risk for TB to assess progression to active TB.
The relative benefits of two-step vs. single testing with different combinations of IGRAs and TST
should be investigated.

For retrospective or cross-sectional studies a standard set of component exposures to aid
classification into high vs. low risk for LTBI is needed, alongside identification of more accurate
markers of LTBI.
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Plain English summary

Tuberculosis (TB) is one of the biggest causes of illness and death worldwide. The majority of people
with TB are not infectious and have no symptoms; they are considered to have latent tuberculosis
infection (LTBI). People with LTBI are at 5%-10% risk for developing active TB during their lifetime.
The risk of LTBI getting worse is higher in young children and in people co-infected with human
immunodeficiency virus (HIV) or in those who are immunocompromised due to other conditions or long-

term use of immunosuppressant medications.

There are two types of tests used to identify LTBI in the UK: 1) the tuberculin skin test (TST) which can
be read at 5mm or 10 mm and 2) the interferon gamma release assays (IGRAs: one type of which is QFT-
GIT). This review examines the clinical and cost effectiveness of TST and IGRASs to detect LTBI in
children, in people who have low or compromised immunity either due to disease such as HIV or due to

medications for other conditions, and in recent arrivals from countries with a high incidence of TB.

We undertook systematic reviews and we updated and analysed the clinical evidence about the different
tests since the last clinical guideline (CG117, 2009), was produced and we built a model to determine the
most cost-effective approach for identifying LTBI.

We identified 53 new studies plus 37 studies from CG117. There were twenty on-going studies. For the
cost effectiveness review we found 10 published models, almost all related to people with compromised

immunity with very little data on children and recent arrivals.

The studies that compared IGRAs with TST in children showed no difference between IGRAs (QFT-GIT)
and TST-5mm. However, QFT-GIT performed better than TST-10mm in identifying LTBI or predicting

the risk of active TB and our meta-analysis confirmed this.
In people with low immunity, the IGRA and TST performed better at identifying people who didn’t have
LTBI than people who did have LTBI. There was a wide range of results from different tests between

individual studies.

For people recently arrived in the UK from high incidence countries, there was no evidence to suggest
that IGRAs performed better than TST at identifying LTBI.
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The economic model takes into account costs as well as effectiveness and these varied between the
different populations. The model showed that in children the TST (5mm) used sequentially and followed
by QFT-GIT if negative had the highest probability of being cost-effective. For people with compromised
immunity, the QFT-GIT test used sequentially and followed by TST (5mm) if negative was the most cost-

effective. For the recently arrived population, the TST (5mm) alone was the most cost-effective.

The evidence for each subgroup of patients was limited and future research needs to be devoted to
defining LTBI more clearly so that measures to detect and deal with it can be strengthened.
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1 Background

1.1 Overview

Tuberculosis (TB) is a major cause of morbidity and mortality globally. Nearly one third of the world’s
population is infected with Mycobacterium tuberculosis (MTB) with an annual incidence of nine million
new cases and two million deaths worldwide. TB ranks as the second leading cause of death from an

infectious disease.’

In the UK, the prevalence of TB steadily decreased until the mid-1980s, but has started to rise over last 20
years, especially in ethnic minorities born in places with high TB prevalence.*®> Between 1998 and 2009,
annual tuberculosis notifications rose in the UK by 44%, from 6,167 to 8,900 cases.” ® Since 2005, this
rate has remained high leading to projections that in 2 years there will be more TB cases in the UK than in
the US' thereby posing a major public health challenge. The re-emergence has been largely driven by
recently arriving immigrants through re-activation of latent infection and/or acquiring new infection as a

result of their maintaining links with high prevalence countries.

1.2 Aetiology and pathology of TB

TB infection is transmitted to a healthy person through the air by inhaling respiratory fluids/sputum
droplets with MTB discharged by a person with active TB. The infected sputum droplets can dry and
form into droplet nuclei, which can float in the air for a long period of time and penetrate the host.? TB
can be transmitted through other routes including ingestion (e.g., from drinking unpasteurised cow’s

milk)® and inoculation (e.g., Prosector’s wart); although such cases are rare in the UK.

Once the bacterium is inhaled, the droplet nuclei travel through the mouth or nasal passages to the upper
respiratory tract, bronchi, and finally the alveoli of the lungs. The bacteria grow slowly and multiply in
the alveoli over several weeks. Sometimes a small number of tubercle bacilli enter the bloodstream and
spread throughout the body such as the bones, lymph nodes, or brain.? In over 80% of cases, the immune
system kills and removes the bacteria from the body.'® If the immune system does not kill the bacteria,
macrophages within the immune system ingest and surround the tubercle bacilli within 2-8 weeks. The
cells form a barrier shell, that keeps the bacteria suppressed and under control. The immune system keeps
the bacteria inactive resulting in latent tuberculosis infection (LTBI). These cases who have LTBI do not
exhibit any clinical, radiological or bacteriological evidence of the pathogen. They are not infectious and
may remain asymptomatic.'* However, the latent infection may reactivate later in life causing the

individual to develop symptoms and become infectious. It has been estimated that people with LTBI are
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at 5%-10% risk for developing active TB during their lifetime.’*** Therefore this large pool of LTBI is

an important reservoir of infection.? 2

If the immune system cannot keep the bacteria suppressed or the barrier fails later, the bacilli begin to
multiply and the individual develops active TB disease. Individuals who have active TB are infectious
and each can spread MTB to up to 10-15 close contacts within a year.* The pathogen affects primarily
the lungs (pulmonary TB), but this process can also involve other organs of the human body (extra-
pulmonary TB). In the UK in 2012, pulmonary TB accounted for about 53% of all TB cases.’

The period between infection and first signs of illness (incubation period) varies between eight weeks to
decades. The greatest chance of progressing to a disease is within the first two years after infection,
where approximately 50% of the 5-10 per cent lifetime risk occurs.” The risk of infection and
progression to active TB disease depends mostly on the host’s immune functioning as well as duration
and proximity of exposure to a source afflicted with active MTB.*® Therefore certain population groups
have a higher lifetime risk of developing TB. These vulnerable groups with low immunity and/or high
exposure, include long-term care facility workers, people born or coming from countries of high
prevalence of TB, infants, children, HIV-infected persons, people with close contacts suspected of having
active TB or those living in confined facilities (e.g., prison, homeless shelters).> These groups are
particularly important as a reservoir of latent infection that could re-activate, and explain the trends
observed for TB in UK."

1.3 Active TB

When infection with MTB becomes active TB disease, the symptoms that occur are non- specific and
depend on the site of TB infection.”® ** Common signs and symptoms of active pulmonary TB may
include chronic cough for weeks or months, accompanied by the coughing up of blood or blood-stricken
mucus, pain in the chest, weight loss, intermittent fever, and/or night sweats, poor appetite, chills,
weakness or fatigue, and listlessness.™ **?° The clinical diagnosis of TB is based on TB-characteristic
clinical signs and symptoms, chest X-ray examination, and microscopy of tissue biopsy or sputum
samples. Definitive diagnosis of TB, however, is made through the identification of MTB in clinical
samples (e.g., pus, tissue biopsy, sputum) using culture.??* TB is difficult to culture, and takes several

weeks for a definitive result.

TB is a curable disease, however treatment is long and requires adherence even through the side effects of

treatment.” In the UK, most MTB infections are sensitive to the antibiotics used.’® The routine
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management of active pulmonary TB includes a combination of antibiotics (e.g., isoniazid, rifampicin,
pyrazinamide, and ethambutol) given over the duration of six months.*® Although patients start to feel
better after two months of treatment and are not infectious any longer, it is vital that they complete their
treatment.?* % This ensures that the TB bacteria are completely killed off, preventing the return of
symptoms and the risk of bacteria becoming drug-resistant. Treatment of drug-resistant forms of TB is

less effectiveness, requires longer than six months, and causes greater side effects.*® %°

1.4 Measurement of latent TB infection

Unfortunately, there is no diagnostic gold standard for identification of individuals with LTBI. Instead,
the available screening tests for LTBI provide indirect assessment of the presence of LTBI by relying on a
host’s immunological response to TB antigens.”’ In addition, none of the available LTBI tests can

accurately differentiate between people with LTBI and active TB."

There are two types of commercially available tests used to identify LTBI in the UK: 1) the tuberculin
skin test (TST) and 2) the gamma interferon (IFN-y) release assays (IGRAs).” Until recently, the TST
(introduced by Mantoux in 1907) has been the only standard test used for the identification of LTBI.*
The administration of TST involves an intradermal injection of purified protein derivative (PPD) in the
forearm. The immune response (i.e., delayed hypersensitivity caused by T cells) to the TST is determined
48 to 72 hours after the injection by measuring the transverse diameter (in mm) of skin induration.* *°
There is no international agreement on cut-off values for the definition of a positive tuberculin reaction.™
The choice amongst commonly used cut-off values (e.g., diameter of induration >5 mm, >10 mm, or >15
mm) depends on an individual’s risk factor profile for TB. Usually, a lower cut-off value of >5 mm is
used for individuals at higher risk of TB (e.g., patients with organ transplants, immunocompromised
patients, patients with HIV, persons who have recent contacts with an active TB patient) and a higher cut-
off value of >10 mm is applied for individuals at lower risk of TB (e.g., high risk racial minorities,
children, recently arrived immigrants from high prevalence countries, patients with diabetes,
malignancies, or renal failure).”® The administration of the TST is relatively cheap and does not require a

laboratory, but does require a skilled operator.

IGRAs have been recently developed as alternative screening tests for LTBI. There are two types of
IGRAS: QuantiFERON-TB Gold In Tube (QFT-GIT; Cellestis/Qiagen, Carnegie, Australia) [old version:
QuantiFERON-TB Gold (QFT-G)] and T-SPOT.TB (Oxford Immunotec, Abingdon, UK). Both tests are
commercially available in UK. The QFT is a whole-blood test based on an enzyme-linked

immunosorbent assay (ELISA), whereas T-SPOT.TB test uses peripheral blood mononuclear cells and is
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based on an enzyme-linked immunosorbent spot (ELISPOT) assay."* Both tests measure CD4 cell-
released gamma interferon (IFN-y) response to MTB-specific antigens (early secretion antigen target-6
[ESAT-6], culture filtrate protein-10 [CFP-10], and tb7.7) in vitro blood samples.** % ¢

1.4.1 Treatment of LTBI
The aim of LTBI treatment is to prevent MTB bacteria from developing into active TB disease. Before
treatment, all individuals found to have LTBI need to be tested for active TB. For individuals in whom
active TB is ruled out, the prophylactic treatment of choice is isoniazid. For adults and children, the
treatment should be for between three to six months depending upon treatment regime. For individuals
affected by HIV treatment has to be for six months. Rifampicin for four months is the second line drug
that can be used as an alternative in individuals who are resistant to isoniazid or at high risk of side effects

from isoniazid.*®

1.5 Incidence, prevalence, and epidemiology

All forms of active TB are legally notifiable by the physician making or suspecting the diagnosis under
the Public Health (Control of Disease) Act 1984 in England and Wales. It first became a statutory
requirement to notify TB cases in 1913. Known as the Notifications of Infectious Diseases system
(NOIDs), it continues to play a valuable role in the surveillance of TB, however the information collected

is limited, and trends within subgroups of the population cannot be monitored. %

In 1999, the Enhanced Tuberculosis Surveillance system (ETS) was established to collect more detailed
information of annual TB cases including patient information of age, sex, ethnic group, country of birth,
and site of disease, NHS region, and treatment outcomes. It has been reported that the enhanced TB
surveillance system reflects the true incidence of TB better than the NOIDs as many measures are used to
ensure quality standards are met annually, thereby providing a corrected analysis of TB cases.? In 2012,
completeness of data was 100% for mandatory fields and approximately 91% across other key fields for
England, and 89% for Wales.> This system provides the most comprehensive, timely, and accurate

information on active TB incidence in the UK, and is therefore robust.

There is no national system that collects data for latent TB infection. For this reason there are no robust
data for LTBI, although we can predict that for every person with active TB there are likely to be several
with undiagnosed LTBI. Therefore, it seems reasonable to extrapolate from active TB and make the

assumption that LTBI will follow a similar epidemiological pattern.

39



Pre-peer review version — 06/03/2015

Rates of active TB peaked during the early 1900s with an annual incidence rate of approximately 320 per
100,000. The rate declined dramatically until at least 1987 to as low as 10.1 per 100,000 population per
year. However, since the 1980s, the incidence rate began reversing and has reached highs of between
13.6-14.4 per 100,000 since 2005.> The most recent figures in 2012 report a total of 8,751 active TB
cases across the UK, giving an incidence rate of 13.9 per 100,000.°> The burden of TB is highest in
England, where in 2012, there were 8,130 cases of active TB, a rate of 15.2 per 100,000 whereas in
Wales, there were 136 active TB cases, a rate of 4.4 per 100,000.° Between 2010 and 2011, a total of 436
people died of TB in the UK.’

1.5.1 Place of birth and ethnic minorities
The re-emergence of TB has been attributed to international migration, as recently arriving migrants have
accounted for the majority of TB cases since 2000. In 2011 and 2012, foreign-born individuals constitute
73% of reported TB cases.” It is reported there is a 98% increase in the number of TB cases from
individuals born overseas.* ®*® The rate of TB amongst the non UK-born population is 80 per 100,000,
which is almost 20 times the rate in the UK-born. Almost half of the cases born outside the UK were
diagnosed within five years of coming to the UK with another 30% diagnosed within two years.> Sixty
per cent of foreign-born cases originated from South Asia, followed by 22% from Sub-Saharan Africa.
With respect to countries of origin, India (31%), Pakistan (18%) and Somalia (6%) are the most common.
Similarly, a higher proportion of non-UK born cases (above 50%) present with extra-pulmonary TB

compared to UK born cases (31%).*

Among UK-born individuals, the highest rate of TB is in ethnic minority groups. The largest proportion
of cases is from the Indian ethnicity (27%), followed by White (21%) and then Pakistani (17%). The
highest rates of TB are found in Indian, Pakistani and Black ethnic groups.® It has been indicated that
recently arriving immigrants and ethnic minorities are vulnerable as a result of re-activation of latent
infection once in the country or acquiring new infection as a result of their maintaining links with high
prevalence countries (e.g., may visit rural Pakistan or may have relatives from high prevalence areas visit
them).** Also having diabetes increases the likelihood of reactivation of TB, and is more common in

individuals from South East Asia , including the ethnic groups highlighted above.®

1.5.2 Geographical difference
Since the establishment of the enhanced TB surveillance system, it has been clear that there is a drastic
regional variation in the burden of TB. Active TB is highly concentrated in large cities, with London

consistently accounting for the highest rates and sharpest increases since the early 1990s. In 2012,
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London accounted for almost 40% of all TB cases with an annual rate of 41.8 per 100,000. London has
the highest TB rate amongst all high-income European countries.?* * London is followed by West
Midlands with 12% of the burden and a rate of 19.3 per 100,000.°> Both London and West Midlands have

high rates of immigration.*

Within London, there is great variation between boroughs. Twelve of the 33 local authorities have a rate
of 40 per 100,000. The boroughs with the highest rates of TB are Newham at 122 per 100,000 and Brent
at 100 per 100,000. However, other boroughs such as Havering and Richmond-upon-Thames have an
annual incidence rate lower than 10 per 100,000.%” Similar to regional variation, borough variation within
London may reflect demographic characteristics as Newham and Brent have some of the highest rates of

immigrants and ethnic minorities.®

A similar picture is seen in Birmingham. Rates for Birmingham as a whole have fluctuated between 33.7
and 44.8 cases per 100,000 between 2009 and 2013. In the 4™ quarter of 2013 Sandwell and West
Birmingham CCG had a rate of 49.6 per 100,000 (43.5-56.4). In Solihull it was 1.9 (0.5-4.9). Again this

reflects the ethnic make-up of the areas (expert personal communication).

1.5.3 Age and gender difference
The majority of patients with TB are between 15-44 years of age (60%), followed by patients aged 45-64
years old (21%), and 65 years and above (14%). The lowest proportion are aged 5-14 years (3%) and
under five (2%). Although children have a low burden of overall TB cases, once TB is transmitted to
them, they are more likely to develop active TB than adult hosts. Most 0-14 year old cases are in the UK-
born population from Black African, Pakistani, and White ethnic groups.’

1.5.4 Immunosuppression and TB
In addition to young children, the risk of progression from LTBI to active TB is higher in people co-
infected with human immunodeficiency virus (HIV), immunocompromised patients due to co-morbidity
(e.g., diabetes, malignancy, renal disease) and/or long-term use of immunosuppressant medications (e.g.,
corticosteroids, tumor necrosis factor-alpha antagonists).™" '*** The co-infection between HIV and TB
infection has been internationally well documented.*** In the UK, there has been a decrease in the
number of co-infected HIV-TB cases from 9% in 2003/04 to 3.6% of TB cases in 2013.°> This has been in

line with general downward trends in HIV and TB in migrants from Sub-Saharan Africa.*!
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1.5.5 Social risk factors
There are defined social factors that contribute to the burden of TB in the UK. These social risk factors
include homelessness (2.4%), a history of imprisonment (2.8%), drug (2.8%) and alcohol misuse (3.2%).°
It is indicated that approximately 7.7% of TB cases present with at least one of these risk factors. These
social risk factors are more common in UK-born (13.4%) compared to foreign-born cases (5.4%). Within
UK-born cases, almost half with at least one factor are from the White ethnic group (46%).°

1.6 Impact of health problem

1.6.1 Significance for patients
For the 5-10% of patients who develop active TB, those with pulmonary TB can suffer extreme pain from
the symptoms for weeks to months.* Similarly, extra-pulmonary TB can have serious complications for
the bones, brain, liver, kidneys, and heart.** Tissue damage can be permanent if tuberculosis is not treated
early.* As result of tissue damage, active TB can be fatal. In addition to the impact on physical
functioning, active TB can also have psychosocial impacts, in particular from the isolation experienced
during treatment of TB. This can include anxiety, depression, disorientation, feelings of loss of control,
and mood swings.*> *® A diagnosis of TB can also bring related stigma through which individuals face

social and economic consequences.”’

Treatment of active TB causes many side effects depending on the regimen prescribed. Some symptoms
are mild but other side effects can be serious, and potentially life threatening. These can include no
appetite, nausea, vomiting, jaundice, fever, abdominal pain, lower chest pain or heartburn, skin rash,
bleeding gums and nose, blurred vision, ringing sounds, hearing loss, peripheral neuropathy and
hepatotoxicity.”® Individuals on antiretroviral treatment for HIV may suffer more side effects with certain
TB drugs. These side effects cause poor adherence to treatment. If treatment is incomplete active TB is
more likely to be complex, drug-resistant, and come with treatments with greater side effects.’>* To
avoid the consequences of the disease and the side effects of treatment, it would be easier for patients to

undergo LTBI treatment and prevent active disease.
However, the treatment of LTBI uses the same medication, with the same side effects, albeit usually for a

shorter period. Adherence to treatment is likely to be a factor as taking medicines when you feel well is

much harder than taking them when you feel unwell.
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1.6.2 Significance for the NHS
The impact of TB as a health problem is extensive. As TB possesses the capacity to spread through the
air to practically anyone, it is a serious public health threat although in practice infection beyond family
members or close contacts is unusual. TB is on the increase in the UK and decreasing in the US. It has
been estimated that in two to five years the burden of TB in the UK will be higher than the whole of the
USA.” Furthermore, drug resistant TB is increasing in the UK, which means that transmission of drug
resistant strains of TB may continue to increase and complicate the fight against TB in the UK.

The healthcare costs associated with active TB include the cost of diagnosing and treating pulmonary TB,
extra-pulmonary TB, MDR-TB and XDR-TB. In the UK, the normal cost of treating a case of active TB
is £5,000 but is between £50,000-£70,000 for MDR-TB and can be up to £100,000 for XDR-TB.*
Taking 2012 figures, it is estimated that annually TB treatment would cost more than £50 million. Given
that LTBI represents a reservoir of potential TB epidemic, it is important to identify and, if appropriate,

treat people with LTBI in order to reduce the spread and burden of TB disease.™ *®

1.7 Current service provision

1.7.1 Management of LTBI
The goal of screening for LTBI is to identify individuals who are at high risk of developing active TB
who would potentially benefit from prophylactic treatment. In the UK, LTBI screening is recommended
for contacts of patients diagnosed with active TB and recently arrived migrants. Contacts include
household contacts defined as those who share a bedroom, kitchen, bathroom or sitting room with the
index active TB case, as well as boyfriends or girlfriends and frequent visitors to the home. Workplace
associates in close proximity to a patient for extended periods may be judged to be household contacts,
however the majority of workplace contacts are not screened. Casual contacts should only be assessed if
the index case is particularly infectious or the contact case is at increased risk from infection.
Nevertheless, all contacts should be offered information and advice about TB. Similar risk assessments
take place in schools, nurseries, institutions such as prisons and hospitals and for aircraft passengers

leading to screening of those perceived at risk.'® >

Active case finding is recommended for recently arrived migrants who have recently arrived in the UK
from countries with a TB incidence of 40 per 100,000 or greater. lIdentification of new migrants is
recommended from port of arrival reports, new registrations with primary care, entry to education, and
links with statutory or voluntary groups working with new migrants. Healthcare professionals

responsible for new migrant screening are advised to coordinate a programme to detect and treat active
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and latent TB, provide Bacillus Calmette—Guérin (BCG) vaccination where appropriate and provide
relevant referrals and information. Active case finding is also recommended for street homeless, new
NHS employees, and prison and remand centres. Commissioners and providers of TB services and other
statutory and voluntary organisations are particularly advised to identify and manage TB in hard to reach

groups such as the homeless, substance misusers, prisoners and vulnerable migrants.

A simplified care pathway for LTBI screening derived from the National Collaborating Centre for

10, 50

Chronic Conditions is presented in Figure 1 and further details about testing strategies for people

being screened for LTBI are provided in Box 1.
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Box 1. Testing strategies for people being screened for LTBI

Generally, individuals are tested for LTBI using TST (Mantoux), IGRA, both, or a dual strategy
of TST followed by IGRA. If the results are positive, individuals are assessed for active TB and
if this is positive they are treated for active TB and if negative then treated for LTBI. If the
results for LTBI are negative, the individual is offered a BCG if under the age of 16 or 16-35 and
from sub Saharan Africa or from an area with an incidence of over 500/100 000. Individuals are
given information and advice about TB. However different testing and treatment pathways are
recommended for different populations, including different age groups, new migrants, and
immunocompromised individuals.* *°

TST is recommended for contacts above the age of five years for the diagnosis of LTBI. IGRA is
recommended for individuals whose TST shows positive results (=6 mm diameter for those who
have not been vaccinated with BCG and >15 mm diameter for those who have been vaccinated)
or in people for whom TST would be less reliable, such as BCG-vaccinated people. Individuals
with a positive IGRA or inconclusive TST are to be referred to specialist TB care. For contacts
who are aged two to five years old, a TST should be offered as the initial diagnostic test and if the
result if positive taking BCG history into account, they should be referred to a TB specialist for
excluding the possibility of active disease and consideration of LTBI treatment or treatment of
active TB disease depending on the result. If the result of the TST is negative but the child is a
contact of a person with sputum-smear positive disease, then IGRA should be offered after six
weeks alongside a repeat TST to increase sensitivity.'® *°

For child contacts of a with sputum smear positive disease aged four weeks to two years who has
not been vaccinated, isoniazid should be started and TST should be performed. If the TST is
reported as positive, the child should be assessed for active TB and if active TB is excluded they
should then be offered full treatment for latent TB. If the TST is negative (<6 mm induration),
isoniazid should be continued for six weeks, after which a repeat TST and IGRA should be
performed. If repeat tests are negative, isoniazid should be stopped and BCG offered whereas if
either is positive active TB should be assessed and if excluded treatment for LTBI considered.
On the other hand, contacts of a person with sputum-smear positive disease aged four weeks to
two years who has been vaccinated, TST should be performed and if positive (=15 mm) the child
should be assessed for active TB. If active TB is excluded then the child should be given a
regimen of either 3 months of rifampicin and isoniazid or six months of isoniazid. If TST is
negative (<15 mm), the TST should be performed with an IGRA after six weeks. If both repeats
are negative no further action is needed. If either is positive, active TB has to be excluded, and

treatment for LTBI followed.*® *°
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To diagnose LTBI in recently arriving migrants from high incidence countries, for children 5-15
years, TST should be offered and if positive an IGRA should be performed. For individuals 16-
35 years, either IGRA alone or in a dual strategy with a TST should be offered. For those older
then 35, individual risk and benefits of treatment should be considered before testing. For
children under five, TST should be offered and if initial test if positive taking BCG history into
account then active TB disease should be excluded and LTBI treatment considered.'* *°
Regarding those who are immunocompromised, children should be referred to a TB specialist.
For people with HIV and CD4 counts less than 200 cells/fmm3, or between 200-500 cells/mm3,
an IGRA should be offered with concurrent TST. If either is positive active TB should be ruled
before LTBI treatment is given. For other people who are immunocompromised, an IGRA
should be offered alone or with TST.***°

Once active TB has been excluded by chest x-ray and examination, individuals should be offered
treatment. Individuals 35 years or older who do not have HIV should be assessed further and
counselled about treatment because of the increasing risk of hepatotoxicity from medication.
Treatment should include either six months of isoniazid or three months of rifampicin and
isoniazid for people aged 16-35 not known to have HIV; six months of isoniazid or three months
rifampicin and isoniazid.'**°

Neonates who have been in close contact with people who have sputum-smear positive TB who
have not received at least two weeks anti-tuberculosis drug treatment should be started on
isoniazid for three months and then TST performed after three months treatment. If the TST is
positive, active TB should be assessed and if found negative then isoniazid should be continued
for a total of six months. If TST is negative then it should be repeated with IGRA and if both are
negative isoniazid should be stopped and BCG vaccination performed. In children above two

years of age, three months of rifampicin and isoniazid or six months isoniazid should be given.
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Figure 1. Care pathway of LTBI screening™
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1.8 Current service cost

Estimates for the cost of diagnosing and treating LTBI have been provided by NICE. These costs are
based on NICE guidelines in 2006, and the partial update in 2011.° Costs shown include the unit costs
of the disposables, time to administer and read tests, and the cost of collecting a blood sample per patient
for the tests, which were calculated in 2011. The cost of chemoprophylaxis includes the cost of drugs,
active TB tests, consultations, and nurse visits, which was calculated in 2006. BCG costs are also from
2006. Compared to the cost of treating active TB (£5,000 and above), diagnosing and treating LTBI per
patient is less costly (see Table 1).

Table 1. Unit costs for LTBI diagnosis and treatment™

Description Test type Unit cost (£)
Cost of tuberculin skin tests - 16.42
Cost of interferon gamma testing - 30.34
Household and other close contacts 5 years and older TST 16.42

New entrants from high incidence countries
Children under 5

Children 5-15 years TST 16.42
Adults 16-34: IGT test alone or dual strategy TST 16.42
People over 35 - consider individual risk IGRA or dual 30.34
Household contacts, aged 2-5 TST 16.42

IGRA If contact with

sputum smear positive and 30.34

Contacts 5 years and older - outbreak TST is negative
IGRA 30.34
Immunocompromised HIV CD4 count < 200 TST 16.42
IGRA test 30.34
Total 46.76
Immunocompromised HIV CD4 count 200-500 IGRA test or 30.34
IGRA with concurrent TST | 46.76
Cost of complete chemoprophylaxis treatment - 483.74
BCG Vaccination - 11.71
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1.9 Variation in services and/or uncertainty about best practice

1.9.1 Limitations of LTBI screening tests
The main limitation of TST is its inability to distinguish between reactions caused by MTB vs. BCG
vaccination or non-tuberculosis mycobacteria (NTM)."* The BCG vaccination is routinely used in
countries with high TB prevalence to prevent the spread of TB infection in infants and young children.
The use of the TST test in such areas results in high false positive rates. The boosting phenomenon,
which occurs after repeated TST, may also lead to false positives, thereby limiting specificity of the test.
The TST has limited sensitivity when used in certain subpopulations (e.g., people with active TB,
immunocompromised patients, the elderly, and people with HIV, malnutrition or renal failure). The
above-mentioned limitations are compounded by issues related to the interpretation of test results, which
may independently influence false-positive and false-negative rates of the TST (e.g., different cut-off
values, PPD dose).'® > Two health visits are required for the completion of TST, which results in
missed diagnoses in 10% of cases.** Measurement of TST is also dependent on inter-observer variability,

which therefore requires adequate training to reduce variability.>* >

Because the antigens in the IGRA tests are not present in BCG vaccination and most NTM, the IGRAS
are less influenced by previous BCG vaccinations and are less susceptible to false positive NTM
reactions, leading to higher specificity of these tests compared to TST.>® IGRASs also have the advantage
of requiring a single patient visit versus the sequential two-step testing required with TST. Automated
testing means increasing the objectivity in the interpretation of test results. Finally there is no influence
from the boosting effect and so repeat screening is feasible.® The IGRAs, however, have their own
limitations; specifically, they are more costly and labour-intensive than TST. Moreover, care in blood
sampling is required and the time for blood sample storage and analysis is restricted to 8 to 12 hours after

collection.*?

1.9.2 Diagnostic accuracy of LTBI tests
Since the introduction of IGRAS evidence on estimating and comparing the performance of TST and
IGRAs in people with LTBI has emerged, however this assessment has been hampered by the absence of
a gold standard for the diagnosis of LTBI, which would allow direct calculation of sensitivity and
specificity for both types of tests.™ ' 839558 Most studies have instead determined associations (e.g.,
diagnostic odds ratios and other regression-based effect measures) between test results (i.e., TST or
IGRAS) and surrogate measures of LTBI such as duration/proximity of exposure to a person with active
TB or risk of development or progression from LTBI to active TB (e.g., sensitivity, diagnostic odds

ratios, positive and negative predictive values, incidence rate ratios, cumulative incidence ratios).*® " *°
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Some studies have assessed and compared specificity of these tests in people at very low risk for MTB
(e.g., healthy individuals, residents of low incidence countries)®® or compared sensitivity in culture-
confirmed individuals with active TB (taken as a surrogate reference standard for LTBI).>* %% Using
suboptimal reference standards for diagnostic accuracy testing can lead to overestimation or
underestimation of the true accuracy of a test. The degree of concordance (inter-rater or intra-rater
agreement; kappa statistic) and discordance between the results of the two tests (IGRAs and TST) has
also been used. In general, both pooled sensitivity and specificity values of IGRAs and TST were
similarly high in people who are not vaccinated with BCG (> 90%), however the pooled specificity of
TST in BCG-vaccinated populations was much lower compared to IGRAs (about 56% vs. 96%).' °% °°
In contrast, prospective longitudinal studies showed that neither IGRAs nor TST had high prognostic

values in predicting risk of progression to active TB.'"*®

1.9.3 Treatment of LTBI
Once patients are diagnosed with LTBI through any of the tests, there are claims of low adherence to
chemotherapy treatment.® As a result of low adherence, an alternative therapy recommended in the US®
has been implemented in some hospitals in the UK. It includes a new combination of isoniazid and a long
acting rifampicin called rifapentine given weekly for 12 weeks. Each of the 12 doses is directly observed
being taken by a treatment supervisor. After LTBI is confirmed and active TB excluded, individuals are
assessed for suitability for the rifapentine/isoniazid regimen.® Suitability is based on certain criteria
including normal renal and liver function, 16 years of age or above, not pregnant, HIV patients not on
antiretroviral treatment, agreeable to direct observations, and direct observations are feasible. If suitable,
it is prescribed and a TB specialist nurse sets up the direct observations. If it is not suitable, other latent
TB treatment is offered. This combination has been found to be as effective as the nine-month daily

isoniazid regime used in the US, with higher completion rates, as only 12 doses are needed.®

1.10 Relevant national guidelines, including National Service Frameworks

The latest guidelines on the diagnosis, management, and prevention of TB are available from NICE.
There is a clinical guideline on the clinical diagnosis and management of tuberculosis, and measures for
its prevention and control in 2006, with a partial update in 2011," as well as public health guidance to
identify and manage tuberculosis among hard to reach groups in 2012.>* The Department of Health
(DOH) has also published guidelines for the planning, commissioning and delivery of TB services,*
guidelines for testing health care workers,® a wider action plan for stopping TB in England,*" and
guidance for the prevention and control of HIV-related and drug resistant TB.*® Finally, the British

Thoracic Society has published guidelines on the prevention, risk assessment, and management of TB in
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adult patients with chronic kidney disease ® and in patients due to start anti-TNF-a treatment,’

management of air travel passengers,® and the management of opportunist mycobacterial infections.®

1.11 Description of technology under assessment

1.11.1 Summary of intervention
As noted above, screening for LTBI is crucial to curb the re-emergence of TB as the majority of TB cases
have latent TB which has been re-activated.” Testing and treating high-risk individuals for LTBI would
not only prevent active TB illness for the individual but also reduce the transmission of TB, thus reducing

the pool of infection.”

There is much interest in using IGRA to identify individuals at high risk of LTBI due to the advantages it
has over traditional TST particularly that it only requires one visit and that previous BCG status does not
interfere with results. For IGRA to replace TST in the current care pathway, it would have to show
improved cost-effectiveness relative to TST although in the absence of a gold standard, this is difficult.”
Otherwise IGRA may have to be used as complementary to TST as is currently recommended in the

national guidelines.*

The IGRA test takes at least 24 hours, although it can take days depending on the laboratory.” TST takes
two to three days, as individuals must return to have the test read.*®** In combination, therefore, both
tests take several days to be completed. IGRA testing comes at a higher cost than TST and shifts the cost
and labour from clinic to laboratory.” Both TST and IGRA require specific equipment either for
administering the injection or taking a blood sample. In addition, IGRA requires advanced laboratory
facilities.” Skilled personnel are needed to administer both tests and in the case of TST, are needed to
read the result, whereas for IGRA laboratory personnel are needed to process the result.”” In both cases,
patients follow a common pathway where nurses provide the patient with the result, follow up for testing
of active TB, and offer treatment and advice.® IGRAs can be used in settings similar to TST so long as
there is access to a laboratory and pathways are negotiated so the sample can be analysed within 12

hours.*

1.11.2 Screening tests for LTBI in special sub-groups at risk
It has been suggested that screening tests applied to presumably healthy populations or persons at low risk
for progression to active TB may not be justified given the potential harms due to unnecessary
treatment.’® " It is also not feasible or cost effective to universally screen the population as the

administrative and clinical costs outweigh the benefits of the TB cases that would be identified.” The
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benefits of screening for LTBI using these tests are likely to be maximal in individuals at high risk of
contracting MTB (e.g., recently arrived persons from countries with high TB incidence, close contacts
with active TB) and those with suspected LTBI who are at high risk of progression to active TB disease
and complications associated with the infection (e.g., immunocompromised patients, young children).
Since these sub-groups are at higher risk of developing active TB, it is of public health importance to
identify LTBI in them.

Studies comparing TST and IGRAs for detecting LTBI in children have mostly demonstrated better
specificity for IGRAs as compared to TST.*® As for sensitivity, it has been shown to be comparable
between TST and IGRASs but to vary considerably between studies. Both specificity and sensitivity
depend on an implied association between LTBI and exposure to TB (as a proxy for true positive LTBI).
The comparative evidence in immunocompromised persons has been too scarce to draw definitive
conclusions. One systematic review showed suboptimal but comparable performance between TST and
IGRAs for identifying LTBI in HIV-infected patients.* In general, based on limited data, the accuracy
indices for TST and IGRAs in the subgroups of children and immunocompromised people have been
shown to be suboptimal. However, the absence of a gold standard, small samples, indeterminate test

results, and heterogeneity between the studies make adequate comparisons between tests difficult.™" *°

One study has compared TST and the two IGRAs (QFT-GIT and T-SPOT) for detecting LTBI in
migrants to the UK.”® However, comparison of the tests was done only by evaluating the positive results
of each, concordance between the tests, and the factors associated with positivity. Yields of the test were
computed at different incidence thresholds and the cost-effectiveness was estimated. Authors found that
TST was positive in 30.3% of individuals who completed screening, QFT-GIT was positive in 16.6% and
T-SPOT in 22.5%. The higher rate for TST could be due to the effect of BCG. Although NICE
recommends that recently arriving migrants from countries with a TB incidence of 40 per 100,000 should
be screened, the report found this would require 97-99% of the cohort to be screened and would identify
98-100% whereas screening migrants from countries with an incidence of 150 per 100,000 would identify
49-71% of LTBI but would only require screening half of the cohort. The two most cost-effective options
were to screen recently arriving migrants from countries with a TB incidence greater than 250 per
100,000 with one QFT-GIT (£21,565.3 per case prevented) but as this would miss many cases, and a rate
of 150 per 100,000 was recommended as it is only slightly less cost-effective (£31,867 per case
prevented) and would prevent an additional 7.8 cases of TB. This was confirmed in a previous study

assessing the groups of new migrants in the UK that should be screened for LTBI.® Despite these
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findings, it is difficult to draw firm conclusions on the accuracy of identifying LTBI in immigrants, as

there was no reference test used for LTBI when comparing the tests.

New evidence is needed to determine the best approaches for identifying LTBI in all three groups of
people (children, immunocompromised and recently arrived immigrants from high endemic countries).
This will aid in the decision as to whether or not IGRAs should replace or complement TST, and if yes, in
which circumstances. There is an on-going large multi-centre cohort study assessing the efficacy and
cost-effectiveness of IGRAs compared to TST for predicting active TB in recently arriving migrants to
the UK and people who have been in contact with TB cases; results from this study will be available in
2017."

1.12 Current usage in the NHS

The UK National Screening Committee decided that TB screening should be organised locally rather than
as a national programme. Therefore the implementation of NICE guidelines on LTBI testing through
TST and IGRA has been very ad hoc across the NHS. In London, for example, it is reported that it has

not been fully implemented and that current practice is not effective in detecting LTBI.*

More recently in March 2014, the Triborough Joint Strategic Needs Assessment (JSNA) reports
“However, GP screening has to date been inconsistent and no clear assessment and patient pathway
exists for latent TB”.”® Leicester, Leicestershire and Rutland’s TB Summary Needs Assessment from
December 2013 mentions expanding numbers of cases of LTBI through IGRA testing but calls for a more
systematic testing process for testing new entrants to make an impact on active TB cases.” Kirklees’s
JSNA mentions exploring funding to develop IGRA testing,® Manchester reports needing to improve

LTBI screening.®

Commissioners are currently looking at models for local service provision. This is in line with the TB
Control Board’s suggested approach in the recent Public Health England (PHE) consultation document
Collaborative TB strategy for England.” There is not one agreed service model and PHE has recently
sponsored several pilot projects ongoing at present looking at the feasibility of screening in different
settings. These include the identification of eligible individuals from GP practice lists with invitation for
screening at the GP surgery by IGRA, and a more innovative approach where screening for latent TB was
carried out by IGRA in a college of further education among self-selected individuals taking part in ESOL
classes ® following a campaign of education. Neither of these studies have reported yet, but are expected

to show positive result rates of between 17-20% (personal communication from our clinical advisor).
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It is difficult to know how many GPs are identifying new entrants and organising testing for them, or how
many new entrants are contacting TB services directly for testing. The websites of several community
TB® teams list testing new entrants for LTBI as part of their remit and give a contact number or email
address. Birmingham & Solihull Tuberculosis services® has a full page on their website with eligibility
criteria, whereas Liverpool Community Health NHS Trust Tuberculosis service®® excludes testing of new

entrants who are students.

Taking the Coventry and Warwickshire area as a case study the Meridian Practice in Coventry, a
specialist service which cares for refugees and asylum seekers, offers IGRA testing to all registered
patients (practice manager, Meridian Centre). The Coventry and Warwickshire TB service reports they
“indirectly try to identify high TB risk individuals other than identified contacts and offer screening”.
Apart from supporting the work at the Meridian centre, they also support the Warwickshire programme
for looked after children who have an established TB screening programme incorporated into their
medical review, and have plans to discuss their programme with Coventry. In addition the Coventry and
Warwickshire Partnership Trust commenced a TB screening programme for HIV infected individuals in

July 2013 and support the LTBI treatment programme.

In summary, it is difficult to know how much awareness there is for LTBI screening in the primary care
setting in the NHS. Pathways are not widely available, if they exist at all. Secondary care specialist
services are more aware, but do not employ standard criteria for testing. There is great variability within
the system. There is a clear need for new evidence to provide information on the most appropriate
strategies available for identifying LTBI in the three sub-groups of interest: children,
immunocompromised and recently arrived immigrants from high endemic countries. This evidence will
aid in the decision-making process on whether IGRAs should be used as a replacement or as an adjunct to

TST for the diagnosis of LTBI in these populations.

The next chapter discusses the decision problem and outlines the key clinical questions and objectives of

this work.
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2 Definition of decision problem

Tuberculosis (TB) is a major cause of morbidity and mortality worldwide. The timely identification and
prophylactic treatment of people with LTBI is of public health and clinical importance. Unfortunately,
there is no diagnostic gold standard for identification of individuals with LTBI who would benefit from
such prophylactic treatment. Instead, the available screening tests provide indirect and imperfect
assessment of the presence of LTBI. There are two types of tests used to identify LTBI in the UK: 1) the
tuberculin skin test (TST) and 2) the gamma interferon (IFN-y) release assays (IGRAS).

In light of newly emerged evidence (since 2009), this systematic review aimed to compare the clinical
effectiveness and cost-effectiveness of screening tests for LTBI (IGRAs and TST) in children, people
who are immunocompromised or at risk from immunosuppression, and recent arrivals from countries
with a high incidence of TB. To do this we updated the searches since 2009 to identify relevant evidence
and incorporate both pre- and post-2009 evidence into the analysis. This review also attempted to

determine the most cost-effective approach for identifying LTBI.
The key clinical questions to be considered are:

1. Which diagnostic strategy is most clinically and cost-effective in accurately identifying latent TB
in children?

2. Which diagnostic strategy is most clinically and cost-effective in accurately identifying latent TB
in people who are immunocompromised or at risk of immunosuppression?

3. Which diagnostic strategy is most clinically and cost-effective in accurately identifying latent TB

in people who are recent arrivals from countries with a high incidence of TB?
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3 Clinical effectiveness methods

3.1 Identification and selection of studies

3.1.1 Search strategy for clinical effectiveness
Scoping searches were undertaken to inform the development of the overall search strategy. An iterative
procedure was used, with input from the searches and included studies of the NICE clinical guideline
CG117" and methods manuals.®* ® The bibliographic database search strategies focussed on the
diagnosis of LTBI using IGRAs compared to other methods and were limited to articles in English that
have been added to databases since searches for the equivalent questions in the NICE clinical guideline
CG117 were run (7 — 14 December 2009; Appendix 1).2° The searches automatically picked up
comparisons in performance between IGRAs and TSTs, therefore it was not necessary to search
independently for comparator technologies (e.g., TSTs). The search strategies used in the major
databases are provided in Appendix 2. Bibliographic database searches were undertaken on 9 and 10
April 2014 and were updated on 2 December 2014 using the same strategies. Supplementary searches

were undertaken between 10 June 2014 and 5 August 2014 (see Appendix 2 for exact dates).

The search strategy comprised the following main elements:
e Searching of electronic bibliographic databases
e Contact with experts in the field
e Scrutiny of references of included studies and relevant systematic reviews

e Screening of manufacturers’ and other relevant websites

Bibliographic databases searched:
MEDLINE (Ovid); MEDLINE In-Process & Other Non-Indexed Citations (Ovid); EMBASE (Ovid);
Cochrane Library incorporating Cochrane Database of Systematic Reviews, CENTRAL, DARE and HTA

databases (Wiley); Science Citation Index and Conference Proceedings (Web of Science); and Medion.
ClinicalTrials.gov and WHO ICTRP were searched for ongoing and recently completed trials.
Specific conference proceedings, selected with input from a clinical expert, were checked for the last five

years. The online resources of relevant organisations were searched. Further details of these searches are

provided in Appendix 2.
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Citation searches of included studies were undertaken using the Web of Science and Scopus citation
search facilities. The reference lists of included studies and relevant systematic reviews were checked.
Included papers were checked for errata using PubMed. Identified references were downloaded to

bibliographic management software (Endnote X7).

3.1.2 Inclusion and exclusion of relevant studies

3.1.2.1 Inclusion criteria

Primary studies evaluating and comparing head to head effectiveness of commercially available

approaches/tests used for identifying people with LTBI

o IGRAs, e.g.,:
o QuantiFERON-TB Gold In Tube (QFT-G-IT) [old version: QuantiFERON-TB Gold
(QFT-G)]
o T-SPOT.TB

e TST (i.e., Mantoux test)

Head to head studies involving direct comparison of IGRA and TST only were included.

3.1.2.1.1 Type and language of publication:
o Full text reports published in English

e Abstracts (only if they were companion publications to full text included studies)

3.1.2.1.2 Study design:
e Longitudinal studies (randomized controlled trial, retrospective or prospective cohort study)

e Cross sectional studies, case-control studies

3.1.2.1.3 Population:

o Children (both genders, age < 18 years, immunocompetent) — Research Question #1

o People (both genders, any age) who are immunocompromised or at risk from immunosuppression
(e.g., transplant recipients or those with HIV, renal disease, diabetes, liver disease,
haematological disease, cancer, autoimmune disease, or who are on or about to start anti-TNF-o
treatment, steroids, or cyclosporins) — Research Question #2

o People (both genders, any age, immunocompetent) who have recently arrived from regions with a
high incidence/prevalence of TB (countries/territories with an estimated incidence rate of 40 per
100,000 or greater e.g. those in Africa, Central/South America, Eastern Europe, and Asia) —

Research Question #3
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3.1.2.1.4 Intervention:
e Two IGRAS [one- or two-step testing]:
o QuantiFERON-TB Gold In Tube (QFT-G-IT) [old version: QuantiFERON-TB Gold
(QFT-G)]
o T-SPOT.TB
3.1.2.1.5 Comparator:
e TST (Mantoux test) alone or plus IGRA [one- or two-step testing]

3.1.2.1.6 Construct validity measures (as a proxy for Outcomes):
e Progression to active TB
o Exposure to MTB defined by proximity, duration, geographic location, or dose-response gradient

e People at low risk of MTB or healthy populations

3.1.2.2 Exclusion criteria

e Studies not comparing IGRAs to TST in regards to the pre-specified construct validity (i.e.,
incidence of TB, exposure to MTB defined by proximity, duration, geographic location, dose-
response gradient)

e Studies which do not compare the accuracy of tests (IGRAs with TSTs) in head to head
comparison in identifying people with LTBI

e Studies (involving children, recently arrived immigrants, or immunocompromised people) which
do not report subgroup data separately for each relevant population

e Studies comparing the IGRAS to each other (e.g., QFT-G-IT vs. T-SPOT.TB) in identifying
people with LTBI

e Studies which have applied non-commercial IGRAs, in-house IGRAS, older generation IGRAS
(e.g., PPD-based 1st generation QuantiFERON-TB), or tests unavailable in UK

e Studies which assess effects of TB treatment on IGRA/TST test results

e Studies which have evaluated and/or compared reproducibility (test and retest) of tests for
identifying LTBI

e Studies which do not focus specifically on LTBI (e.g., studies in which the presence of blood
culture-positive TB [active TB] is used to estimate sensitivity. ‘Active TB’ is assumed as the
reference standard for ‘true presence of LTBI.” However given that active TB and LTBI are two
clinically and immunologically distinct forms of TB, this assumption is problematic)

e Studies which use serial testing of IGRAs (or TST) to detect LTBI

e Studies which focus on a specific biomarker (e.g., IP-10)
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Systematic/narrative reviews, meta-analyses, case reports, case-series, abstracts (see above ‘type

of publication’), commentaries, letters, or editorials

3.1.2.3 Review outcomes

3.1.2.3.1 Diagnostic accuracy measures:

Measures of association between test (IGRAs, TST) results and construct validity-I (i.e.,
prognostic value of tests in predicting development/risk of active TB [sensitivity, specificity,
false-negative and false-positive rates, positive and negative predictive values, incidence density
rate ratios, cumulative incidence ratios]

Measures of association between test (IGRAs, TST) results and construct validity-I1 (i.e.,
exposure status/level to MTB defined by proximity, length of time, type of contact) including
dose-response gradient, if applicable [sensitivity, specificity, false-negative and false-positive
rates, diagnostic odds ratios, regression-based odds ratios of test positivity]

Measures of association between test (IGRAs, TST) results and other construct(s) of validity-I11
(e.g., people at low risk for LTBI; e.g., healthy, residents of low incidence countries) [specificity
and false-positive rate]

3.1.2.3.2 Measures of concordance and discordance:

Agreement (inter-rater, intra-rater) [Kappa statistic, 95% ClI]
Concordance between tests [%, 95% CI]

Discordance between tests [%, 95% ClI]

3.1.2.3.3 Other outcomes:

Dependence of test positivity (IGRAs, TST) on previous BCG vaccination
Adverse events
Likelihood of indeterminate result

Health—related quality of life

3.2 Study selection strategy

Two independent reviewers, using a pre-specified and piloted questionnaire form, screened all identified

bibliographic records for title/abstract (screening level ). Afterwards, full text reports of all potentially

relevant records passing screening level | were retrieved and independently reviewed using the same

study eligibility criteria (screening level I1). Any disagreements over inclusion/exclusion were resolved

by discussion between two reviewers or by recourse to a third party reviewer.
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3.3 Data extraction strategy

Two reviewers independently extracted relevant data using an a priori defined pre-piloted extraction sheet
(Appendix 3). Data extracted was cross-checked and any disagreements were resolved by discussion or
by recourse to a third party reviewer. Data extracted included study (e.g., author, country, publication
year, design, setting, sample size, follow-up duration, risk of bias items such as blinding, incomplete
outcome data), participant (e.g., age, sex, study eligibility criteria, co-morbidity, BCG vaccination
status/time, immune status), intervention test/comparator test (type of test/assay used for identification of
LTBI, definition of positivity/negativity thresholds/cut-off values for each test, methods of laboratory
analysis used for derivation of test results, repeating testing), construct validity (e.g., definition of
exposure to MTB in terms of proximity, length of time, and/or type of contact; incidence of progression
to active TB, timing of exposure to MTB/incidence of active TB, definition of low risk population, type

of summary effect measure).

For individual studies, two by two contingency tables were constructed by cross-tabulating test results
(separately for IGRAs and TST) with construct validity responses in relation to exposure level or
incidence of progression to active TB. The proportion of subjects with positive and negative test results
were extracted. For each test, all summary parameters of interest (see the list of outcomes) with
corresponding measures of variability (95% Cls, p-value) were ascertained or calculated, if reported data
permits. All relevant summary parameters were entered into the data extraction sheets, evidence and

summary tables. Calculated parameters are marked as ‘calculated’.

3.4 Study quality assessment
The methodological quality of the studies included in the current review was assessed against the Quality
in Prognosis Studies (QUIPS)® and a modified tool used by Dinnes et al. (2007)* for the incidence and

exposure studies, respectively (Appendix 4).

The Quality In Prognosis Studies (QUIPS;®® also referred to as the “Methodology checklist: prognostic
studies” developed by Hayden and colleagues in the NICE Guidelines Manual 2012)%” was used to assess
studies reporting diagnostic performance/validation of tests (e.g., sensitivity, specificity, incidence density
rate/cumulative incidence ratios, positive/negative predictive values, diagnostic odds ratios, regression-
based odds ratios). The QUIPS tool includes assessment of risk of bias (ROB) for six domains of patient
selection/participation, study sample attrition, index test measurement, outcome/construct validity

measurement, confounding, and statistical analysis/outcome reporting. According to responses to
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prompting items, each of the six domains are rated as high, moderate, or low ROB. Then, the overall

summary ROB rating for each study is derived based on the domain-specific ROB ratings.

We used a modified tool reported by Dinnes et al. (2007)* to assess the quality of retrospective/cross
sectional studies reporting associations between test results and exposures. The QUIPS tool would not be
directly applicable to assessing quality of retrospective/cross-sectional studies of association between test
results and exposure, because of the non-prognostic nature of their design (exposure is ascertained
retrospectively which is then correlated with test results). Appendix 4 outlines the criteria used to
appraise these exposure studies. Each study was assessed for blinding of test results from exposure,
description of index test and threshold (TST and IGRA), definition/description of exposure, completeness
of verification of exposure and sample attrition. Each study was then awarded an overall quality score
defined as:

o Low: Studies with 0 to 2 satisfied [yes response] quality features are classified low quality

e Moderate: Studies with 3 satisfied [yes response] quality features are classified moderate quality

o High: Studies with 4-5 satisfied [yes response] quality features are classified high quality

Study quality was assessed independently by two reviewers (PS and KF). Any disagreements were

resolved by discussion or by a third reviewer.

3.5 Data synthesis and analysis

Given the absence of a gold standard for diagnosing LTBI, the performance of tests was compared using
alternative methodologies which rely on validation of test results against pre-determined validity
constructs (i.e., proxies for a reference standard). Thus, our analyses focussed on the following
recommended approaches: we a) evaluated and compared predictive values of IGRAs and TST in relation
to construct validity I (i.e., progression rate to active TB), b) evaluated and compared the degree of
association/correlation of IGRAs and TST results with construct validity 11 (i.e., exposure to MTB
defined by proximity, duration, or dose-response gradient), ¢) estimated and compared specificity (or
false-positives) of IGRAs and TST in relation to construct validity 111 (i.e., low risk of MTB or healthy

populations), and d) measured the degree of concordance/discordance between IGRAs and TST.* 8992

For each index test (TST, IGRAS), if data permitted (either directly reported; if not reported, calculated if
possible), relevant statistical parameters of diagnostic test accuracy are presented per individual study.
For statistics measuring agreement/disagreement between two tests, values for concordant (both tests

positive or negative) and discordant test results (one test negative, the other test positive or vice versa) are
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presented, or calculated, if data permitted. Moreover, where possible, likelihood of indeterminate test

results was calculated.

The performance of tests (in terms of diagnostic accuracy and concordance) was compared (e.g., IGRA
vs. TST) using sensitivity, specificity, positive/negative predictive values, ratio of diagnostic odds ratios
(R-DORs), ratio of incidence density rate ratios (or cumulative incidence ratios), regression-based odds
ratios, kappa statistic, percent discordance, and likelihood of indeterminate test results. Note that since
there is no gold standard for the diagnosis of LTBI, specificity and sensitivity does not have the same
meaning as in the conventional paradigm (i.e., against a gold standard), but reflects the performance of
tests in relation to pre-determined proxy constructs of validity (i.e., past exposure to TB or future
progression to active TB).

The association between BCG vaccination and test performance in terms of specificity was explored by
comparing false-positive rates (or odds of false-positivity) of TST and IGRAs in both BCG-vaccinated

and unvaccinated individuals (i.e., dependence of false-positive rates on BCG vaccination status).

Summary measures of effectiveness (e.g., sensitivity, specificity, diagnostic odds ratios, ratio of
diagnostic odds ratios, ratios of cumulative incidence) were pooled, when deemed appropriate and
feasible (based on the absence of clinical/methodological heterogeneity, the same cut-off values of a test,
or the absence of test threshold effect on the diagnostic odds ratio) using univariate® and/or bivariate
random effects meta-analysis models.’® The presence of heterogeneity across studies was determined
using visual inspection of forest plots (of individual study OR and R-DOR estimates and degree of
overlap across 95% Cls) and Chi-square test (two tailed, p<0.10).>**> A series of subgroup and
sensitivity analyses (see below) were undertaken to explore potential reasons for statistical heterogeneity,
if present. Where pooling was not feasible, due to the lack of sufficient data or important
clinical/statistical heterogeneity across studies (e.g., significant test threshold effect),” the findings from
individual studies were summarised qualitatively.

Data synthesis for the summary outcome measures is presented in evidence/summary tables and text as
overall and/or stratified by demographic characteristics (e.g., age), TST thresholds (=>5mm, >10mm,
>15mm), T-Spot vs. QFT, and prevalence/burden of TB in country of origin (high burden vs. low
burden).® In addition, for people who are immunocompromised or at risk from immunosuppression
(Research Question #2), where possible, outcomes have been stratified by type of immunosuppression,

use of immunosuppressive drugs (e.g., steroids, anti-TNF-a treatment, anti-rheumatic drugs), and co-
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morbidity condition (e.g., HIV, renal disease, diabetes, liver disease, haematological disease, cancer,

autoimmune disease, transplant recipients).

Subgroup analysis was planned to be conducted according to BCG vaccination status, TST thresholds
(>5mm, >10mm, >15mm), and prevalence of TB in country of origin, if data permitted. For Research
Questions #2, the comparison of test performance was examined across the subgroups of type of
immunosuppression, use of immunosuppressive drugs (e.g., steroids, anti-TNF-o treatment, anti-
rheumatic drugs), and co-morbidity condition (e.g., HIV, renal disease, diabetes, liver disease,

haematological disease, cancer, autoimmune disease, transplant recipients).

Calculations were performed with MetaDisC version 1.4 (Madrid, Spain)®’ and Stata.*®

3.6 Overall quality of evidence

There is no formally accepted and validated approach for the assessment of the overall quality of evidence
which would be appropriate to the type of evidence synthesized in this review. The work on the
formulation of this approach is still ongoing (Grading of Recommendations, Assessment, Development,

and Evaluation (GRADE) Working Group (http://www.gradeworkinggroup.org).”

3.7 Derivation of summary measures of diagnostic accuracy

We used Bayesian meta-analysis to derive sensitivity and specificity for various testing strategies for
LTBI in the various population subcategories. The methods and results for this are reported in the Section
6.

63



Pre-peer review version — 06/03/2015

4  Clinical effectiveness results

4.1 Number of studies identified

A total of 6,687 bibliographic records were identified through electronic database searches. After
removing duplicates, 3,757 records were screened for inclusion. On the basis of title/abstract, 3,279
records were excluded. The remaining 478 records were included for full-text screening. A further 424
records were excluded at the full-text stage. The remaining 54 records (53 unique studies) were
considered relevant to the review since the previous NICE clinical guidance work in 2011 (CG117) in'®®
153 One study by Rutherford et al. (2012a,b)'% ' was presented in two publications. In addition, 37

studies>*1¢°

were included from CG117 within the current evidence synthesis (see Appendix 6). The
study flow and the reasons for exclusion are shown in Figure 2 and Appendix 6. A search of on-going
trials was undertaken in different databases (Clinical Trials.gov, WHO ICTRP) up to August 2014. A
total of 51 on-going trials were identified. From these, 31 trials were excluded, and the reasons for
exclusion are presented in Appendix 7. Twenty on-going trials were considered relevant for inclusion in

our synthesis (see Appendix 8).
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Records identified through database
searching
(n=6,687)

Additional records identified
through other sources
(n=0)

Records screened at title and abstract level (after duplicates

removed)
(n=3,757)

Records excluded at title and
abstract level
(n=3,279)

\ 4

A 4

Records assessed for eligibility at full text
level
(n=478)

Records excluded at full

A 4

Records included in the review
(n =54) [53 unique studies] *

e Children (n = 16)
e Immunocompromised (n = 32)
e Recently arrived (n = 5)

Figure 2. PRISMA study flow diagram of newly

identified studies since 2011 (CG117)™

* An additional 37 studies were included from CG117*
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text level, with reasons
(n =424)

Total number of records excluded with reasons: [n = 424]

Letter [n = 43]

Abstract [n = 173]

Editorial [n = 6]

Guideline [n = 1]

Review [n = 6]

Presentation [n = 1]

Mixed population and/or no subgroup of interest [n = 33]
Inappropriate proxy for LTBI (e.g., active TB, positive test
result, algorithm) [n = 8]

Non-standard or in-house IGRA [n = 5]

Economic study [n = 20]

Old pre-2009 study [n = 3]

Included/excluded in CG117 [n = 5]

Active TB [n = 10]

Foreign language [n = 6]

IGRA vs. IGRA only (no TST) [n =7]

IGRA only (no TST) [n = 8]

Case report [n =1]

No relevant outcomes [n = 6]

Combined test positive result (either TST + or IGRA +) [n =
1

Serial testing, conversion and reversion rates [n = 6]
Comparing antigens [n = 1]

Case-control study of test results [n = 1]

Inclusion of TST + patients [n = 1]

Irrelevant non-TB study [n = 1]

Irrelevant - no tests [n = 1]

QFT used as confirmatory test on subgroup of TST + patients
[h=1]

Studies without the pre-specified construct validity (exposure,
active TB incidence) [n = 69]
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4.2 Description of included studies and synthesis

In the following sections we describe the baseline characteristics and study quality of the new studies for
the three populations of interest: 1) children, 2) immunocompromised and 3) recently arrived for the
incidence and exposure studies. Full data extraction sheets including baseline characteristics for all
recently identified studies since CG117 are provided in Appendix 9. For each of the three populations we
present the synthesis of the evidence in terms of the comparative performance of tests (diagnostic
accuracy indices for identifying LTBI) and between-test concordance, discordance, and agreement.
Appendix 10 provides the incidence rates of TB for each included study since CG117.

4.3 Children

4.3.1 Description of baseline characteristics

This section included 27 studies (in 28 publications) in children and adolescents, 0% 11 146 148150, 152, 154-164

of which 11 studies™**** had already been reviewed in CG117 (Appendix 6). Our searches identified 16

additional studies (in 17 publications), 00111 146 148-150. 152 £iye of which investigated the incidence of active

100-102, 148, 150

TB following testing for LTBI (incidence studies) and 11 studies (in 12 publications)

investigated levels of exposure in relationship to LTBI test outcomes (exposure studies), !0t 146 149. 152

108, 109

Two publications reported data on the same population and were therefore considered as one study.

See Appendix 9 for full data extraction sheets of all new included studies.

4.3.1.1 Incidence studies

100, 102, 150
and

Three of the five incidence studies described their population as close contacts of TB cases
one study included only TST positive (>15mm) children with no history of close contact with TB case.'*®
Mahomed et al. (2011a)™ recruited low risk high school students in a high TB burden country, of whom
25% had current or past household contact of TB. Four studies were carried out in countries with TB
vaccination such as South Africa,' Iran," Turkey,"*® and South Korea."® One study was carried out in
Germany in which only 35.7% of participants were BCG vaccinated.'® Four studies investigated the
agreement of a QFT test with the TST test.'® 1% 1% %0 Four studies compared QFT-GIT with TST in
community settings,' %" %8 0 whereas, Noorbakhsh et al. (2011)'% investigated the agreement between
IGRA QFT-G and TST (>10mm) in a hospital setting. Follow-up to confirm active TB across the five

102

studies ranged from 1 year'® to 3.8-4 years.'®*** See Table 2 for further details on these studies.
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments

(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited

name, year, design, follow- B criteria threshold(s) of at baseline and

and country) | up duration, tests compared excluded
and funding study
source participants

Diel, 2011 | Study aim: To | CXR (and Inclusion criteria: | Type of tests: Mean (range or SD) | Total Nor | Assessors of

Germany compare the computerized Close contacts of IGRA (QFT-GIT) | age: 10.4 (4.3) years | recruited the TST were

[Low] QFT-GIT with tomography), smear-positive and | TST patients: blinded to QFT
the TST inclose | identification of subsequently Female (n [%]): NR | 141 results and
contacts of AFB in sputum culture-confirmed Cut-off vice versa.
patients with TB | samples by source MTB index values/thresholds: | Race/ethnicity (n Total N of Induration was
and evaluate bronchoscopy or cases; aggregate IGRA: IFN-g > [96]): NR excluded read by trained
progression to lavage of gastric exposure time of the | 0.35 IU/ml patients: 15 | and well-
active TB for up | secretions, contact in the 3 Geographic origin experienced
to 4 years conventional culture | months before the TST: >56mm or (n[%]): Germany public health

of M. tuberculosis, diagnosis of >10mm (84 [66.7]) nurses. If there

Setting: nucleic acid respective index was a
Community amplification assays | case (presumed BCG vaccination (n borderline
based contact and/or period of [%6]): 45 [35.7] result (e.g., 5

study

Study design:
Prospective
cohort study

Follow up: 2-4
years

Funding source:

NR (None of the
authors has a
financial
relationship with
a commercial
entity that has an

histopathology,
assessment of
preceding clinical
suspicion of TB. In
culture-negative
cases, and given a
CXR consistent
with TB, subsequent
clinical and
radiographic
response to
multidrug therapy
over an appropriate
time course (1-3
months) was
considered

infectiousness > 40
h indoors with
shared air)

Exclusion criteria:
Contacts with an
exposure time of <
40 h to the source

History of anti-TB
treatment (n [%6]):

Total incidence of
active TB (n [%0]):
6/104 [5.7]

Chest radiography
(yes/no): yes

Clinical
examination
(yes/no): yes
Morbidity (n [%0]):

mm exactly), a
second reading
was performed
by a different
nurse to verify
this result. If
there was
disagreement,
a third nurse
read the TST
and the
consensus
result used
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments
(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited
name, year, design, follow- B criteria threshold(s) of at baseline and
and country) | up duration, tests compared excluded
and funding study
source participants
interest in the sufficient to confirm NR
subject of this the diagnosis of TB
manuscript) Co-morbidity (n
[96]): NR
Mahomed, Study aim: To Two sputum Inclusion criteria: | Type of tests: Mean (range or SD) | Total Nor | People with a
2011a'* compare the samples for smear Adolescents aged 12 | IGRA-GIT age: NR recruited recent
South Africa | predictive value microscopy ontwo | to 18 years TST (>5mm) patients: household
[High] of a baseline TST | separate occasions. Female (n [%]): 6,363 contact, TB
with that of the If any single sputum | Exclusion criteria: | Cut-off 2842 [54.2] related
QFT-GIT for was smear positive, | NR values/thresholds: Total N of symptoms, a
subsequent a mycobacterial Race/ethnicity (n excluded positive TST
microbiologically | culture, chest x-ray, IGRA: >0.35 [%6]): Black: 995 patients: >10 mm
confirmed TB and HIV test were 1U/mL [19.0]; Mixed race: 1,119 induration or a
disease among performed 3839 [73.2]; positive QFT
adolescents. TST: > 5mm Indian/white: 410 were referred

Setting: High
school (TB
vaccine trial site
in the town of
Worcester and
surrounding
villages; high
burden of TB)

Study design:
Longitudinal
cohort study

Follow up: 3.8
years
Funding source:

[7.8]

BCG vaccination (n
[96]): Yes: 4917
[93.8]; Unknown 281
[5.4]

History of anti-TB
treatment (n [%6]):
NR

Total incidence of
active TB (n [%0]):
52 [1.0]

Chest radiography
(yes/no): yes

for two sputum
smears. If
results of
either or both
were sputum
positive for
acid fast
bacilli, the
sputum were
cultured, and a
chest x-ray and
HIV test were
undertaken
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments
(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited
name, year, design, follow- B criteria threshold(s) of at baseline and
and country) | up duration, tests compared excluded
and funding study
source participants
The Aeras Global Clinical
TB Vaccine examination

Foundation with
some support
from the Gates
Grand Challenge
6 and Gates
Grand Challenge

(yes/no): yes

Morbidity (n [%6]):
NR

Co-morbidity (n

12 grants for the [%6]): NR
QFT testing
Type of during-
study treatment (n
[%6]): NR
Metin Timur, | Study aim: To Active TB disease Inclusion criteria: | Type of tests: Mean (range or SD) | Total N or
20148 compare QFT- was defined both children with QFT-GIT and TST | age (years): 94.8 recruited
Turkey GITand TSTas | TST and QFT-GIT | positive TST results, (51.9) months patients:
[Intermediate] | a diagnosis of test positive in a children without a Cut-off NR
LTBI in the child who had history of contact values/thresholds: | Female (n [%0]): 33
children with symptoms of TB with a TB case, > 15mm (TST) [40.7%] Total N of
Bacille Calmette- | disease and/or active TB case in NR (QFT-GIT) excluded
Guerin (BCG) abnormal findings the household was Race/ethnicity (n patients:
vaccine on chest radiograph, | not detected through [96]): NR NR
CT or proven M. the family
Setting: tuberculosis culture, | screening, children BCG vaccination (n
community based | PCR or histo- having no medical [%]): one BCG scar
pathological reason for (69 [85.2%]; two
Study design: examination. immunosuppression, BCG scars (12
prospective children who had [14.8%])
cohort study diagnosed TB
Follow up: 3 disease without a History of anti-TB
years as contact with active treatment (n [%0]):

outpatients with

TB case
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments
(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited
name, year, design, follow- B criteria threshold(s) of at baseline and
and country) | up duration, tests compared excluded
and funding study
source participants
3 months Exclusion criteria: Total incidence of
intervals NR active TB (n [%0]):

Funding source:

NR

none

Chest radiography
(yes/no): yes

Clinical
examination
(yes/no): yes

Morbidity (n [%6]):
NA

Co-morbidity (n
[%]): acute
appendicitis (1
[1.2%])

Type of during-
study treatment (n
[%6]): no treatment
(n=69 children with
TST'/QFT results);
isoniazid (n=8
children with
TST/QFT" results
but no symptoms —
assumed with LTBI);
isoniazid, rifampicin
and pyrazinamide
(n=4 children with
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments
(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited
name, year, design, follow- B criteria threshold(s) of at baseline and
and country) | up duration, tests compared excluded
and funding study
source participants
TST'/QFT" results
with symptoms —with
TB)
Noorbakhsh, | Study aim: To Person diagnosed by | Inclusion criteria: Type of tests: Mean (range or SD) | Total N or
2011 detect the an internist in the All young (< 20 IGRA (QFT-G) age (years): NR recruited
Iran agreement pulmonary and years old) close or TST (=10mm) patients:
[Intermediate] | between TST and | infectious ward of household contacts Female (n [%]): 34 | NR
QFT-G inyoung | Rasht hospital. The | of people (as any Cut-off [57.6]
household index cases were person who had values/thresholds: Total N of
contacts of cases | confirmed by lived with the index Race/ethnicity (n excluded
of proven active | positive culture for | case for more than 3 | IGRA: NR [%6]): NR patients:
pulmonary TB in | M. tuberculosis or months) with NR
a BCG- sputum smear- confirmed active TST: Induration BCG vaccination (n
vaccinated positive TB pulmonary TB and diameter of [%6]): NR
population in previous BCG >10mm
Tehran, Iran, and vaccination received History of anti-TB
to compare at birth. The treatment (n [%6]):
subjects subjects were
progressing to invited to our
TB with non- research center for Total incidence of
progressive clinical and active TB (n [%0]):
subjects. laboratory follow-up 10 [16.9]
Setting: Exclusion criteria: Chest radiography
Pulmonary and Household contacts (yes/no): yes
infectious were excluded if
diseases they had been Clinical
department of treated for TB in the examination

Rasul hospital in
Tehran

Study design:
Cross-sectional

past year or had a
known
immunodeficiency
state on history or

(yes/no): yes

Morbidity (n [%6]):
NR
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments
(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited
name, year, design, follow- B criteria threshold(s) of at baseline and
and country) | up duration, tests compared excluded
and funding study
source participants
study clinical signs Co-morbidity (n
(malignancy, [%6]): NR
Follow up: 1 corticosteroid
year therapy, HIV, etc.) Type of during-
study treatment (n
Funding source: [96]): NR
Research Centre
of Paediatric
Infectious
Diseases, Iran
University of
Medical Sciences
Song 2014, Study aim: To NR Inclusion criteria: | Type of tests: Mean (range or SD) | Total Nor | To eliminate
150 determine the Close contacts of QFT-GIT and TST | age (years): 15.1 recruited the
South Korea | agreement identified smear- (1.3) patients: possibility of
[High] between IGRA positive tuberculosis | Cut-off 3,202 false-positive
(QFT-GIT) and cases with normal values/thresholds: | Female (n [%6]): IGRA results
TST and identify chest X-ray aged 0.35 IU/ml (QFT- | 1,356 [45.5] Total N of due to PPD
the relationships 11-19 years GIT) excluded reagents,
between the Race/ethnicity (n patients: blood samples
results of these Exclusion criteria: | TST (>10mm, [9%]): NR 220 were collected
tests and the Participants 15mm) before PPD
development of showing (1) BCG vaccination (n injection

active TB in
middle and high
school students
in close contact
with tuberculosis
patients in South
Korea

Setting:
community-

abnormal findings
in simple chest
radiographs, (2)
they had taken
immunosuppressive
agents or anticancer
drugs earlier, and
(3) they had been
treated with

[96]):1,818 [61.0]

History of anti-TB
treatment (n [%]):
NR

Total incidence of
active TB (n [%0]):
23/2,982 [0.77]
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Subgroup of interest — children and adolescents

Study ID Study aim, Method(s) of Study participants’ | Type and Characteristics of N of Comments
(Author setting, diagnosis of active | inclusion/ exclusion | positivity study participants recruited
name, year, design, follow- B criteria threshold(s) of at baseline and
and country) | up duration, tests compared excluded

and funding study

source participants

based antituberculosis

drugs or Chest radiography

Study design: chemoprophylaxis (yes/no): yes

prospective earlier

cohort study Clinical

examination
Follow up: 24 (yes/no): yes
months

Funding source:
Research of
Korea Centers
for Disease
Control and
Prevention

Morbidity (n [%6]):
NR

Co-morbidity (n
[90]): NR

Type of during-
study treatment (n
[%6]): 5/215 [2.32]
(isoniazid)

Abbreviations: AFB = acid-fast bacilli; BCG = Bacille de Calmette et Guérin; CXR = chest X ray; h = hour; HIV = human immunodeficiency virus; IFN =
interferon; IGRA = interferon-gamma release assay; LTBI = latent tuberculosis infection; MTB = Mycobacterium tuberculosis; N = number; NR = not reported;
QFT-GIT = QuantiFERON-TB Gold In-Tube; SD = standard deviation; TB = tuberculosis; TST = tuberculosis skin test
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4.3.1.2 Exposure studies

Eleven studies (in 12 publications) compared one or more QFT test with the TST test in children and

adolescents by relating test results to prior levels of exposure (exposure studies), %%t 146 149.152 Ejye

studies were carried out in countries of high TB incidence (Gambia,'® South Africa'® '® and Indonesia

108, 109 d152

(1 study in 2 publication) and Thailand™*), two studies in countries of intermediate incidence

(Mexico,'* Brazil'*®) and four studies in low incidence countries (USA,'* '*° Croatia'® and Greece'"").

The mean and/or median age of the recruited children was reported in eight'?+107 110.146.149.152 of the 11

103-111, 146, 149, 152 Namely 107
i)

studies. the populations in the studies by Pavic et al. (2011)™" and Perez-Porcuna

et al. (2014)**° had a mean age less than 4 years. The studies by Laniado-Laborin 2014 and Tieu et al.

104

(2014)™? included children whose mean age was about 8 years. Cruz et al. (2011)'* and Kasambira et al.

(2011)*® recruited children with the median age of 8.6 and 6 years, respectively. Mahomed et al.
(2011b)™® and Talbot et al. (2012)"" investigated adolescents with an age range of 12-18 years and a
median age of 20 years, respectively. The reported proportion of females was just above 50% in the
majority of studies'®3106 110.146.149,152 54 4004 in one study.'®” Eight studies compared QFT-GIT with
TST (>5mm)*® 1% 1 or TST (>10mm). 9% 14912 The T-SPOT.TB test was compared with the TST (>
10mm or >15mm) in three studies.’® % %52 Adetifa et al. (2010)'* compared three tests (IGRA-GIT, T-
SPOT.TB and TST (>10mm)) while Tsolia et al. (2010)*** compared QFT-GIT with TST at two different

thresholds (=5mm and >10mm).

106

Exposure to TB was defined as household contacts in one study™ and was further categorised by four

103

studies to include sleep proximity'® (same room / different room), time spent with contact'® **” (>40h in

closed rooms; <6h/day or >7h/day, respectively) or both'® ' (different room / same room / same bed and
<2h/day or 2-8h/day or >8h/day). One study described exposure only as contact with a source case'® or

in terms of country of birth, residence, extended visit to high incidence country,*'° and one study

111

distinguished exposure as either non-household but regular contact or household contact.” Three studies

149, 152 146, 149, 152

used a TB contact score, or duration of exposure to TB index case.

The study setting was either community based'%® 10> 10 110. 149,152 5 hogpital based. ' 107109 111. 146 BCG

105-107, 146, 149, 152 103, 104, 108, 109 low in

vaccination was high in six studies, medium in a further three studies,

110

one study™™ and not reported in another.™** See Table 3 for further details on these studies.
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants

Adetifa, Study aim: To Sleep proximity | Inclusion criteria: Type of tests: Mean (range or Recruited None
2010'® compare T-SPOT.TB, Household contacts | IGRA (T- SD) age: NR (N): 285
Gambia [High] | QFT-GIT, and TST Non exposed: (< 16 years) of newly | SPOT.TB) IGRA

for diagnosis of LTBI | Different house | diagnosed TB index (QFT-GIT) Female (n [%6]): Excluded

in Gambian childhood | (reference cases TST (>10mm) 145 [51] (N): NR

contacts of TB group)

patients Exclusion criteria: Cut-off Race/ethnicity (n

Exposed 1: History of treatment | values/thresholds | [%]): NR
Setting: Community- | Same house- for active TB, TB Definition of
based different room diagnosis within 1 test+: Geographic origin
month of recruitment | IGRA (T- (n[%]): NR

Study design: Exposed 2 : SPOT.TB): >6

Retrospective Same house - spots in either the | BCG vaccination

cohort/cross-sectional | same room ESAT-6 or CFP- | (n[%]): 127/199

study Study

Funding source:
Medical Research
Council (MRC) labs
UK

10 panel after
subtracting the
number of spots
in the negative
control panel

IGRA (QFT-
GIT): >0.35
1U/mi

TST: >10mm
induration

[59.1]

History of anti-TB
treatment (n
[96]): NR

Total incidence of
active TB (n [%]):
NR

Chest
radiography
(yes/no): yes

Clinical
examination
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
(yes/no): Yes
Morbidity (n
[%0]): HIV positive
(3 [1.1])
Co-morbidity (n
[96]): NR
Type of during-
study treatment
(n [%]): NR
Cruz, 2011 | Study aim: To Non exposed: Inclusion criteria: Type of tests: Mean (range or Recruited Borderline
US [Low] compare the No contact with | Children (aged 1 IGRA (T- SD) age: Median (N): NR results
performance of T- an identifiable month to 18 years) SPOT.TB) TST 8.6 (range: 1 month (5-7 spots)
SPOT.TB with TST source case with LTBI or TB (>15mm) to 18 years) Excluded were excluded
in children with disease and children (N): NR from
different Exposed 1: uninfected with Cut-off Female (n [%0]): concordance
epidemiologic risk Contact with an | tuberculosis values/thresholds | 94 [51] analyses but
factors for identifiable Definition of were analyzed
tuberculosis source case Exclusion criteria: test+: Race/ethnicity (n separately. A

Study setting:
Pediatric tuberculosis
clinics

Study design:
Retrospective
cohort/cross-sectional
study

Funding source:
Cellestis, Ltd, Oxford

Children onany TB
medication for 2 or
more months were
not eligible for
enrollment

IGRA: > 8 spots

TST: >15mm
induration

[%6]): Hispanic 115
[62.5], Non-
Hispanic black 36
[19.6], Non-
Hispanic white 19
[10.3], Asian 6 [3]

Geographic origin
(n[%0]): Low
prevalence regions
(US/UK) 121
[65.7]

subgroup
analysis was
performed for
specimens
with6to 7
spots, because
these
specimens are
sometimes
considered
positive
internationally
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Subgroup of interest — children and adolescents

Study ID
(Author
name, year,
and country)
[burden]

Study aim, setting,
and
design

Definition of
construct
validity (i.e.,
LTBI
exposure-based

proxy)

Study participants’
inclusion/ exclusion
criteria

Type and
positivity
threshold(s) of
tests compared

Characteristics of
study participants
at baseline

N of
recruited
and
excluded
study
participants

Comments

Immunotec, Inc

BCG vaccination
(n [9%0]): 68 [37]

History of anti-TB
treatment (n
[96]): NR

Total incidence of
active TB (n [%]):
None

Chest
radiography
(yes/no): yes
Clinical
examination
(yes/no): yes

Morbidity (n
[96]): NR

Co-morbidity (n
[90]): NA

Type of during-
study treatment
(n [%]): NR

Kasambira,
2011'%
South Africa

[High]

Study aim: 1) To
determine and
compare the
prevalence of M.
tuberculosis infection

Adult index case
type of TB
diagnosis

Non exposed:
Smear-positive

Inclusion criteria:
Children aged 6-16
years whose parents
and guardians were
TB index cases aged

Type of tests:
IGRA (QFT-GIT)
TST (=5mm)

Cut-off

Mean (range or
SD) age (years):
Median 6 [3-9]

Women (n [%]):

Recruited
(N): NR

Excluded
(N): NR

None
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants

as assessed by TST TB >18 years, with values/thresholds | 141 [52]

and by QFT-GIT; 2) Exposed 1: diagnosis of Definition of

To assess agreement Smear-negative, | pulmonary TB within | test+: Race/ethnicity (n

between the two test culture-positive | the preceding 3 [90]): NR

methods and identify | TB months, willingness IGRA: NR

factors associated
with various patterns
of test results

Study setting:
Community based

Study design:
Retrospective
cohort/cross-sectional
study (with limited
follow-up of 6mos)

Funding source: The
United States Agency
for International
Development

Exposed 2:
Clinical TB

Adult index case
smear grade
Non exposed:
Negative
Exposed 1:
Scanty

Exposed 2: 1+
Exposed 3: 2+
Exposed 4: 3+

Exposure to
index case
during the day
Non exposed:
Minority of day
(<6h)
Exposed:
Majority of day
(>7h)

to have the child
undergo study testing
and provision of
informed consent

Exclusion criteria:
Children’s prior
diagnosis or
treatment of active or
latent TB

TST: Induration
of >5mm

Geographic origin
(n[%]): NR

BCG vaccination
(n [9%0]): 257 [95]

History of anti-TB
treatment (n
[90]): None

Total incidence of
active TB (n [%]):
NR

Chest
radiography
(yes/no): NR

Clinical
examination
(yes/no): Yes
Morbidity (n
[96]): HIV 14 [5]

Co-morbidity (n
[96]): NA
Type of during-
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
study treatment
(n [%0]): active TB
treatment 37 [19]
and LTBI
treatment 19 [10]
Laniado- Study aim: To Non exposed: Inclusion criteria: Type of tests: Mean (range or Recruited
Laborm, 2014 | compare the NR Family contacts of QFT-GIT SD) age: drug (N): NR
146 prevalence of LTBI culture—proven cases | TST susceptible 7.79
Mexico between paediatric Exposed: age <16 years (4.28) years; drug Excluded
[intermediate] | contacts of drug- Exposure to Cut-off resistant 7.36 (N): NR
resistant cases and source Exclusion criteria: values/thresholds | (4.46) years
drug susceptible cases Subjects with a Definition of
Hours/day history of TB, a test+:
Setting: TB clinic exposure previous diagnosis of Women (n [%0]):

Study design: Cross-
sectional/retrospective
cohort study

Funding source: NR

# of cohabitants

# of rooms

LTBI or the
administration of
TST in the past year

QFT-GIT>0.35
1U/mi
TST>5mm

86/173 [50.0]

Race/ethnicity (n
[96]): NR

Geographic origin
(n[%]): NR

BCG vaccination
(n [96]):164 [95]

History of anti-TB
treatment (n
[%6]): none

Total incidence of
active TB (n [%0]):
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
NR
Chest

radiography
(yes/no): yes

Clinical
examination
(yes/no): yes

Morbidity (n
[906]): NR

Co-morbidity (n
[%6]):
NR

Type of during-
study treatment
(n [%]): 77/173
[44.5] contacts of
multidrug
susceptible index
cases were treated
for LTBI with INH
or rifampicin.
96/173 [55.5%]
contacts of
multidrug resistant
cases did not
receive treatment
for LTBI
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
Mahomed, Study aim: To Non exposed: Inclusion criteria: Type of tests: Mean (range or Recruited None
2011p'® determine the No current or All adolescents aged | IGRA (QFT-GIT) | SD) age: 12-18 (N): 6,363
South Africa prevalence of and prior TB 12-18 years TST (>5mm) years enrolled,
[High] predictive factors household 5,244
associated with latent | contact Exclusion criteria: Cut-off Female (n [%6]): enrolled for
TB infection in Diagnosed with values/thresholds | 2842 [54.2] analysis
adolescents Exposed : active TB Definition of
Current or prior test+: Race/ethnicity (n Excluded
Study setting: High TB household [%6]): Indian/White | (N): 13 (an
school contact IGRA: QFT-GIT | 410 [7.8]; Mixed indeterminate
>0351U race 3839 [73.2]; QFT results),

Study design:
Retrospective
cohort/cross-sectional
study

Funding source: The
Aeras Global TB
Vaccine Foundation
and the Gates Grand
Challenge 6 and
Gates Grand
Challenge 12 grants
for QuantiFERON
testing

TST: Induration >
5mm

Black 995 [19.0]

Geographic origin
(n[%]): NR

BCG vaccination
(n [%]): No 46
[0.9]; yes 4917
[93.8]; Unknown
281 [5.4]

History of anti-TB
treatment (n

[90]): NR

Total incidence of
active TB (n [%0]):
NR

Chest
radiography
(yes/no): No

639 (TST
was not
performed
with past
TB), 22 (TST
was not
performed
with current
TB, 22
(diagnosed
with active
TB)
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
Clinical
examination

(yes/no): No

Morbidity (n
[96]): NR

Co-morbidity (n
[%]): Chronic
allergy related
condition e.g.
asthma, hay fever,
eczema yes 53
[1.0]; No 5191

[99.0]
Type of during-
study treatment
(n [%]): NR
Pavic, 2011™" | Study aim: To Non exposed: Inclusion criteria: Type of tests: Mean (range or Recruited Blood
Croatia [Low] | evaluate an IGRA for | Distant contact | Pediatric patient’s <5 | IGRA (QFT-GIT) | SD) age: 29 + 16 (N): 142 samples for
diagnosis of LTBI in | was defined as years with TST (>10mm) months QFT-GIT
BCG —vaccinated occasional or documented exposure Excluded were drawn
children up to 5 years | unclear (close or distant Cut-off Women (n [%]): (N): 1 under
of age, with exposure time contact) to a case of values/thresholds | 57[40.1] standardized
documented exposure | or <40 h during | active TB. Close Definition of Race/ethnicity (n condition in
to active TB the presumed contact (household test+: [96]): NR our hospital at
period of contact with the same day
Study setting: infectiousness aggregate exposure to | IGRA: >0.35 Geographic origin as TST.
Children hospital and a patient with active IU/mL as (n[%0]): NR
general hospital Exposed: Close | TB ofnot<40hin recommended by The test was
contact was closed room and the manufacturer | BCG vaccination considered
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
Study design: defined as distant contact TST: >10mm (n [%]): 142 [100] indeterminate
Retrospective household (occasional or induration if the value of
cohort/cross-sectional | contact with unclear exposure History of anti-TB the +ve
study aggregate time of <40 h during treatment (n control well
exposure to a the presumed period [%6]): NR was less than
Funding source: patient with of infectiousness) 0.5 1U/mL,
None active TB >40 h Total incidence of and/or nil
in closed rooms | Exclusion criteria: active TB (n [%0]): -ve control
Children >5 years, NR was more than
immunocompromised 8 IU/L.
children, inadequate Chest
blood sampling and radiography
diagnosis of active (yes/no): yes
B
Clinical
examination
(yes/no): NR
Morbidity (n
[96]): NR
Co-morbidity (n
[90]): Pneumonia 1
[0.7]
Type of during-
study treatment
(n [%]): NR
Perez-Porcuna, | Study aim: To Time of Inclusion criteria: Type of tests: Mean (range or Recruited Experienced
2014 1% evaluate the response | exposure to the | children from 0-6 QFT-GIT SD) age: 46 (28.0- | (N): 140 laboratory
of the QFT-GIT and index case years of age with TST 64.5) months technicians
Brazil TST tests in young recent contact with Excluded who were
[intermediate] | children with recent Non exposed: an adult symptomatic | Cut-off Women (n [%]): (N): 3 unaware of

exposure to an index

NR

TB index case within

values/thresholds

74 [54.8]

the data of the
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
case the last 12 months Definition of study subjects
Exposed: test+: Race/ethnicity (n
Setting: community- | # months Exclusion criteria: QFT-GIT >0.35 [96]): NR

based

Study design: cross-
sectional/retrospective
study

Funding source: the
Brazilian National
Counsel of
Technological and
Scientific
Development, the
Foundation of
Research Support of
the State of
Amazonas, and the
University of
Barcelona. Cellestis
Ltd. donated QFT
Kits.

(continuous
scale covariate)

Mycobacterium
tuberculosis
contact (MTC)
score: 0-15

Non exposed:
NR

Exposed: MTC
score
(continuous
scale covariate)
was composed
of infectivity of
the index case
(0-4), the
duration of
exposure hours
per day (0-4),
the relationship
to the index
case (0-4) and
the type of
exposure (0-3)

Children receiving
treatment or
prophylaxis for TB

IU/mL
TST> 10mm

Geographic origin
(n[%]): NR

BCG vaccination
(n [%]): 118 [90.8]

History of anti-TB
treatment (n
[96]): NR

Total incidence of
active TB (n [%]):
NR

Chest
radiography
(yes/no): yes

Clinical
examination
(yes/no): yes

Morbidity (n
[96]): NR

Co-morbidity (n
[96]): NR
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
Type of during-
study treatment
(n [%]): NR
Rutherford, Study aim: To Characteristics | Inclusion criteria: Type of tests: Mean (range or Recruited None
2012a-b*% 1 | quantify M. TB of TB case Child contacts living | IGRA (QFT-GIT) | SD) age: Median | (N): 320
Indonesia infection in children smear positivity | for more than 3 TST (>10mm) [IQR] 58 [31-81]
[High] living with a smear- Non exposed: months with newly months Excluded
positive adult TB case Scanty and 1+ d_|agnosed TB cases Cut-off (N): 16
and identify risk Exposed 1: 2+ (index case) who valqeglfchresholds Women (n [%]):
factors for TST and Exposed 2: 3+ \F/)vsgﬁif/r:ear and CXR Iti?;mtlon of 152 [50.7]
QFT-GIT positivity o Race/ethnicity (n
Relationship to | Exclusion criteria: | IGRA: NR [%6]): Sudanese

Study setting: Out-
patient-based clinic

Study design:
Retrospective
cohort/cross-sectional
study

Funding source: NR

child

Non exposed:
Other
Exposed 1:
Uncle
Exposed 2:
Parent

Sleeping
proximity to
child

Non exposed:
Different room
Exposed 1:
Same room
Exposed 2:
Same bed

Time spent with

Child contacts who
had received a
diagnosis of TB
disease within the
past year or who
were aged <6 months

TST: Induration
of >10mm

284 (93.7), Other
19 (6.3)

Geographic origin
(n[%]): NR

BCG vaccination
(n [%]): With scar
221 [73.2],
unknown BCG
status 30 [9.9]

History of anti-TB
treatment (n
[90]): NR

Total incidence of
active TB (n [%0]):
NA
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study

proxy) participants

child (# h/day) Chest

Non exposed: radiography

<2 (yes/no): Yes

Exposed 1: 2-8

Exposed 2: >8 Clinical

examination

(yes/no): Yes
(Children who
were symptomatic
and test-ve (on
either IGRA or
TST) were referred
to the children’s
clinic for further
assessment
according

to clinic policy

Morbidity (n
[96]): NR
Co-morbidity (n
[90]): NR
Type of during-
study treatment
(n [%]): NR
Talbot, 2012™° | Study aim: To test Non exposed: Inclusion criteria: Type of tests: Mean (range or Recruited None
US [Low] the specificity of TST | Low-TB Students with history | IGRA (T- SD) age: Median (N): 184
and the T-SPOT.TB exposure risk of exposure to TB SPOT.TB) 20 (17-47) years
assay among students | group TST (>15mm) Excluded
at low risk for TB Exclusion criteria: Women (n [%0]): (N): 4
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
exposure Exposed: Non- | NR Cut-off 97 [53.9]
low-TB values/thresholds
Study setting: exposure risk Definition of Race/ethnicity (n
College health setting | (any history of test+: [%6]): US-born 165

Study design:
Retrospective
cohort/cross-sectional
study

Funding source:
Oxford Immunotec

exposure to TB
through country
of birth,
residence, or
visits >3 weeks
to high-TB
burden areas
[>40
cases/100,000
population], or
occupational
exposure)

IGRA: 5-7 spots
borderline, and
results with a low
mitogen response
or a high nil
control response
are indeterminate

TST: Induration >
15mm for
students with no
risk factors for
TB exposure

[91.7]; White 135
[75]

Geographic origin
(n[%]): NR

BCG vaccination
(n [96]): 7 [3.9]

History of anti-TB
treatment (n
[96]): NR

Total incidence of
active TB (n [%]):
NR

Chest
radiography
(yes/no): NR

Clinical
examination
(yes/no): NR

Morbidity (n
[96]): NR
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Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
Co-morbidity (n
[96]): NR
Type of during-
study treatment
(n [%]): NR
Tieu, 2014™ Study aim: To TB contact Inclusion criteria: Type of tests: Mean (range or Recruited Study
Thailand compare the score (range 6- | Children between the | QFT-GIT SD) age: 7.6 (4.3) | (N): 137 investigators,
[high] performances of the 19) ages of 2 months and | TST years [TB- site
IGRAS (T-Spot.TB, Non exposed : 16 years with recent exposed] coordinators,
QFT-GIT) and TST at | TB contact exposure (defined as | Cut-off Women (n [%]): and clinicians
two different cut-off score (8-10) having lived with values/thresholds | 67 [49.3] were blinded
thresholds (10 mm and/or having had Definition of Excluded to the results
and 15 mm) in Thai Exposed 1: close contact with) to | test+: Race/ethnicity (n | (N): NR of the IGRAS
children who had TB contact adults with active [96]): NR until the study
recent exposure to an | score (11-12) pulmonary TB QFT-GIT, had
adult index case with (confirmed by TSPOT (NR) Geographic origin completed
TB Exposed 2: positive AFB stain, TST (10mm or (n[%0]): NR enrollment
TB contact PCR for TB, or TB >15mm) and 9-month
Setting: community- | score (13-14) culture), with or BCG vaccination follow-up

based

Study design: cross-
sectional/retrospective
cohort study

Funding source:
investigator-initiated
research grant from
Tibotec REACH
Initiative

Exposed 3:
TB contact
score (15-16)

TB contact
score (range 6-
19)

Non exposed :
TB contact
score (8-12)

without extra-
pulmonary TB
manifestations

Exclusion criteria:
Children’s caregivers
refused study
participation, if they
were receiving anti-
TB medications for
TB disease (including

(n [%]): 132 [96.4]

History of anti-TB
treatment (n
[90]): NR

Total incidence of

active TB (n [%0]):
NR

Chest
radiography
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Subgroup of interest — children and adolescents

Study ID
(Author
name, year,
and country)
[burden]

Study aim, setting,
and
design

Definition of
construct
validity (i.e.,
LTBI
exposure-based

proxy)

Study participants’
inclusion/ exclusion
criteria

Type and
positivity
threshold(s) of
tests compared

Characteristics of
study participants
at baseline

N of
recruited
and
excluded
study
participants

Comments

Exposed:
TB contact
score (=13)

Relationship to
TB index case

Non exposed:
Relative other
contact in
household with
B

Exposed 1:
Second
caregiver in
household with
TB

Exposed 2:
Primary
caregiver in
household with
TB

Duration of
average contact
per day with TB
index case

Non exposed:

isoniazid [INH] for
latent TB), or if they
had recently been
diagnosed with active
B

(yes/no): yes

Clinical
examination
(yes/no): yes

Morbidity (n
[96]): NR
Co-morbidity (n
[96]): NR

Type of during-
study treatment
(n [%6]): None [for
TB exposed]
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Subgroup of interest — children and adolescents

Study ID
(Author
name, year,
and country)
[burden]

Study aim, setting,
and
design

Definition of
construct
validity (i.e.,
LTBI
exposure-based

proxy)

Study participants’
inclusion/ exclusion
criteria

Type and
positivity
threshold(s) of
tests compared

Characteristics of
study participants
at baseline

N of
recruited
and
excluded
study
participants

Comments

0-7 hours

Exposed:
>8 hours

Duration of
contact with TB
index case in
last 12 months

Non exposed:
0-7 months

Exposed:
>7 months

Index TB case
history

Non exposed:
Sputum acid
fast smear
negative

Exposed:
Sputum acid
fast smear
positive

Tsolia, 2010™"
Greece [Low]

Study aim: To
evaluate and compare
the performance of
the QFT-GIT assay

Contact with
an adult TB

Non exposed :

Inclusion criteria:
Adolescents < 15
years

Type of tests:
IGRA (QFT-GIT)
TST (= 5mm or
>10mm)

Mean (range or
SD) age: NR

Women (n [%]):

Recruited
(N): 295

Excluded

Indeterminate
results on the
QFT-GIT
were excluded

90




Pre-peer review version — 06/03/2015

Subgroup of interest — children and adolescents

Study ID Study aim, setting, Definition of Study participants’ | Type and Characteristics of | N of Comments
(Author and construct inclusion/ exclusion | positivity study participants | recruited
name, year, design validity (i.e., criteria threshold(s) of at baseline and
and country) LTBI tests compared excluded
[burden] exposure-based study
proxy) participants
and the TST among Non household | Exclusion criteria: Cut-off NR (N): 9 from the
children with active occasional NR values/thresholds (refusal, lost | analysis
TB or possible latent | contact Definition of Race/ethnicity (n | specimen,
TB infection in a low test+: [96]): NR sample
endemic country Exposed 1: processing
Non household IGRA: > 10 Geographic origin | delay)
Setting: TB clinic regular contact IU/mL (n[%]): NR

Study design:
Retrospective
cohort/cross sectional
study

Funding source: The
Bienmoyo Foundation

Exposed 2:
Household
contact

TST: > 10mm for
BCG immunized
children

> 5mm for non-
BCG immunized
children

BCG vaccination
(n [%]): NR

History of anti-TB
treatment (n
[96]): NR

Total incidence of
active TB (n [%]):
NR

Chest
radiography
(yes/no): yes

Clinical
examination
(yes/no): yes
Morbidity (n
[96]): NR

Co-morbidity (n
[96]): NR
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Subgroup of interest — children and adolescents

Study ID
(Author
name, year,
and country)
[burden]

Study aim, setting,
and
design

Definition of
construct
validity (i.e.,
LTBI
exposure-based

proxy)

Study participants’
inclusion/ exclusion
criteria

Type and
positivity
threshold(s) of
tests compared

Characteristics of
study participants
at baseline

N of
recruited
and
excluded
study
participants

Comments

Type of during-
study treatment
(n [%]): NR

Abbreviations: +ve = positive; BCG = Bacille de Calmette et Guérin; ESAT-6 and CFP-10 = Mycobacterium tuberculosis T-cell antigens; h = hour; HIV =
human immunodeficiency virus; IGRA = interferon-gamma release assay; LTBI = latent tuberculosis infection; N = number; NR = not reported; QFT-GIT =
QuantiFERON-TB Gold In-Tube; SD = standard deviation; TB = tuberculosis; TST = tuberculosis skin test; -ve = negative
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4.3.2 Study quality

4321

Incidence of active TB (n =5)

Of the five newly identified active TB incidence studies in children

Pre-peer review version — 06/03/2015

100, 101, 102, 148, 150

three were rated as

having a moderate risk of bias (Diel 2011," Mahomed 2011a,"" Song 2014*°) and two as having a high
risk of bias (Noorbakhsh 2011,"%* Metin Timur 2014**®). Most studies had moderate risk of bias for the
item misclassification of individuals in relation to construct validity groups. The studies also failed to

provide information on prognostic factor and outcome measurement. See Table 4 for further details.

Table 4. Summary assessment of risk of bias (ROB) for included incidence studies in children
(adapted from Hayden et al., 2013)%

First author, | Study Study Study Prognostic Outcome/ Study Statistical Total ROB
Year, Study | design Participa | Attrition Factor Construct Confounding | Analysis high,
1D tion risk risk of Measurement | Measurement risk of bias and moderate,
of selection risk of risk of bias in due to Reporting low
selection bias exposure misclassification | confounding risk of bias
bias measurement of individuals in due to
bias relation to analysis
construct and
validity groups selective
reporting
Diel, Low Low Low Moderate Moderate Low Low Moderate
2011 ROB
[Low]
Mahomed, | Low Modera | Moderate | Moderate Moderate High Low Moderate
2011a' te ROB
[High]
Metin Low High High Moderate Moderate High High High
Timur, ROB
2014"9[Int
ermediate]
Noorbakhs | Moderat | High High High Moderate High High High
h2011'% | e ROB
[Intermedi
ate]
Song, Low Low Moderate | Low High Moderate Low Moderate
2014"[Hi ROB
gh]

4.3.2.2 Exposure levels (n =11)

The majority of the 11 included exposure studies in children (in 12 publications)®*!* 146149, 152 jqentified

since CG117 were rated as low quality and only three studies were rated as high quality.

study was of moderate quality.'*® See Table 5 for further details.
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Table 5. Summary of quality assessment for the included children exposure studies (adapted from
Dinnes et al., 2007)*

First author, | Recruitment | Blinding of Description Definition Sample Overall
Year, Study | of subjects test results of index test | and attrition quality score
ID consecutive from and description adequate of

[yes], exposure threshold of exposure [yes]#, satisfactory

arbitrary or blinded [yes], | adequate adequate inadequate or | features

unreported not blinded or | [yes], [yes], unreported

[no] unreported inadequate or | inadequate or | [no]

[no] unreported unreported
[no] [no]

Adetifa, No No Yes Yes No Low quality
2010'®
[High]
Cruz, 2011™* | No No No No Yes Low quality
[Low]
Kasambira, No No No Yes Yes Low quality
2011'%
[High]
Laniado- Yes Yes Yes No No Moderate
Laborn, quality
2014
[intermediate]
Mahomed, No No No No No Low quality
2011b™®
[High]
Pavic, Yes No Yes Yes Yes High quality
2011'" [Low]
Perez- Yes Yes Yes Yes No High quality
Porcuna,
20140
[intermediate]
Rutherford, No No No Yes Yes Low quality
2012 a108 b109
[High]
Talbot, No No Yes No No Low quality
2012M° [Low]
Tieu, 2014™ | Yes Yes No Yes Yes High quality
[high]
Tsolia, Yes No No No Yes Low quality

2010 [Low]

#>90% of participants were included in the follow-up analysis [yes response] and < 90% were classified as “no

response”

£ Studies with 1 or 2 “yes” ratings = Low quality; studies with 3 “yes” ratings = Moderate quality; studies with 4 or
5 “yes” ratings = High quality
Please note the following item has been removed from the original Dinnes et al., (2007)*® checklist: “study design”
(as all studies were considered are retrospective), this item has been removed. Furthermore, the following item has
been added: “sample attrition”
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4.3.3 Comparative performance of tests (diagnostic accuracy indices for identifying LTBI) -
children
4.3.3.1 Incidence of active TB

4.3.3.1.1 Ratios of cumulative incidence ratios (R-CIRS):

This section included seven studies: two studies reviewed in CG117"% * (see Appendix 6) and five more
recent studies, three of them published in 2011, and two studies published in 2014."% ** (see
Appendix 9). For 3 studies (out of the 5 recent studies), ratios of cumulative incidence ratios (R-CIRs)
could not be calculated because none of the children developed active TB.**® ** 1% The R-CIRs in the

remaining 4 studies (see summary Table 6)*%*%% 1

were pooled in which one analysis compared QFT-
GIT to TST 5mm and the other QFT-GIT to TST 10mm (they were pooled separately because TST
performance differs according to its threshold). The pooled estimates indicated no significant difference
between QFT-GIT and TST 5mm performance (pooled R-CIR = 1.12, 95% CI: 0.72, 1.75),% 1 (see
Figure 3) whereas QFT-GIT was better than TST 10mm in identifying/predicting LTBI (pooled R-CIR =

4.33,95% Cl: 1.32, 14.23)'%% 192150 (see Figure 4).
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Table 6. Comparison of the test performance - diagnostic accuracy indices for identifying LTBI (incidence studies)

Subgroup of interest — children and adolescents

Study ID Test results Test diagnostic accuracy in % (95% CI) Development of active TB
(Author name, Clin%, CIR R-CIR
year, and IDR in per P-Y, IDRR R-IDRR
country) (95% CI) (95% ClI)
[burden] IGRA TST (by threshold) IGRA TST
QFT (GIT/G) and/or QFT (GIT/G) and/or T- (by threshold) IGRA vs. TST
T-SPOT SPOT (by threshold)
Diel, 2011™® N test results QFT (GIT) TST > 5mm QFT (GIT) TST > 5mm R-CIR [QFT
Germany QFT-GIT: 106 SN: 100 (60.97, 100) | SN: 100 (60.97, 100) | CI (+): 28.57 (13.81, Cl (+): 15.00 (7.06, (GIT)] vs. TST >
[Low] T-SPOT: NA SP: 84.69 (76.27, SP: 65.31 (55.47, 49.96) 29.07) 5mm
TST: 106 90.5) 73.99) Cl (-): 1.20 (0.03,6.53) | Cl (-): 1.55(0.04,8.4) | 2.47 (0.40, 15.12)
PPV: 28.57 (13.81, PPV: 15.00 (7.06, CIR: 23.7 (2.57, CIR: 9.6 (1.08, 448.2)
Test (+/-) 49.96) 29.07) 110.3) R-CIR [QFT
QFT-GIT NPV: 100 (95.58, NPV: 100 (94.34, (GIT)] vs. TST >
(23/83) 100) 100) 10mm
T-SPOT (NA) TST > 10mm 7.41 (2.06, 26.57)
TST> 5mm TST > 10mm ClI (+): 10.00 (3.95,
(40/66) SN: 66.67 (30.00, 23.05)
TST > 10mm 90.32) Cl (-):3.12 (0.22,
(20/86) SP: 63.27 (53.39, 11.33)
72.14) CIR: 3.20 (0.61, 16.67)
N PPV: 10.00 (3.96,
indeterminate 23.05)
QFT-GIT: NR NPV: 96.88 (89.3,
T-SPOT: NA 99.14)
TST: NR
N lost to
follow-up NR
Mahomed, N test results QFT (GIT) TST > 5 mm QFT (GIT) TST > 5 mm R-CIR [QFT
2011a* QFT-GIT: 5244 | SN: 75.00 (61.79, SN: 76.92 (63.87, Cl (+): 1.46 (1.07, Cl (+): 1.38 (1.02, (GIT)] vs. TST >
South Africa T-SPOT: NA 84.77) 86.28) 1.99) 1.87) 5mm
[High] TST: 5244 SP: 49.35 (47.99, SP: 45.03 (43.68, Cl (-): 0.50 (0.28,0.87) | Cl (-): 0.51(0.28,0.90) | 1.07 (0.68, 1.68)
50.71) 46.39) CIR: 2.89 (1.55,5.40) | CIR:2.71(1.42,5.14)
Test (+/-) PPV: 1.46 (1.07, PPV: 1.38 (1.02, R-IDRR [QFT
QFT-GIT 1.99) 1.88) IDR (+): 0.64/100 p-y | IDR (+): 0.60/100 p-y | (GIT)] vs. TST >
(2669/2575) NPV: 99.50 (99.14, NPV: 99.49 (99.11, (0.45, 0.87) (0.43,0.82) 5mm
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Subgroup of interest — children and adolescents

Study ID
(Author name,
year, and
country)
[burden]

Test results

Test diagnostic accuracy in % (95% CI)

Development of active TB

Clin%, CIR
IDR in per P-Y, IDRR
(95% CI)

IGRA

QFT (GIT/G) and/or

T-SPOT

TST (by threshold)

IGRA
QFT (GIT/G) and/or T-
SPOT

TST
(by threshold)

R-CIR
R-IDRR
(95% ClI)

IGRA vs. TST
(by threshold)

T-SPOT (NA)
TST>5 mm
(2894/2350)

N
indeterminate
QFT-GIT: NR
T-SPOT: NA
TST: NR

N lost to
follow-up
18%

99.7)

99.71)

IDR (-): 0.22/100 p-y
(0.12, 0.38)

IDRR: 2.92 (1.58,
5.67)

IDR (-): 0.22/100 p-y
(0.11, 0.39)

IDRR: 2.73 (1.45,
5.42)

1.07 (0.67, 1.71)

Metin Timur,
20148
Turkey
[Intermediate]

N test results
QFT-GIT: 81
T-SPOT: NA
TST: 81

Test (+/-)
QFT-GIT
(12/69)
T-SPOT (NA)
TST> 15 mm
(81/0)

N
indeterminate
QFT-GIT: 0
T-SPOT: NA
TST: 0

QFT (GIT)
SN: NA

SP: 100 (95% CI:

NR)
PPV: NA

NPV: 100 (95% CI:

NR)

TST > 15 mm

SN: NA

SP: 0.0 (95% CI: NR)
PPV: 0.0 (95% CI:
NR)

NPV: NA

QFT (GIT)

Cl (+): NA

Cl (-): 0.0 (95% CI:
NR)

CIR: NA

TST > 15 mm

CI (+): 0.0 (95% CI:
NR)

Cl (-): NA

CIR: NA

R-CIR [QFT
(GIT)] vs. TST >
15mm

NA
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Subgroup of interest — children and adolescents

Study ID Test results Test diagnostic accuracy in % (95% CI) Development of active TB
(Author name, Clin%, CIR R-CIR
year, and IDR in per P-Y, IDRR R-IDRR
country) (95% CI) (95% ClI)
[burden] IGRA TST (by threshold) IGRA TST
QFT (GIT/G) and/or QFT (GIT/G) and/or T- (by threshold) IGRAvs. TST
T-SPOT SPOT (by threshold)
N lost to
follow-up
NR
Noorbakhsh, N test results QFT (G) TST > 10 mm QFT (G) TST > 10 mm R-CIR [QFT (G)]
20112 QFT-G: 59 SN: 100 (72.25, 100) | SN: 30.00 (10.78, Cl (+): 55.56 (33.72, Cl (+): 37.5 (13.49, vs. TST > 10 mm
Iran T-SPOT: NA SP: 83.67 (70.96, 60.32) 75.44) 69.62) 8.50 (2.87, 25.17)
[Intermediate] | TST: 58 91.49) SP: 89.58 (77.83, Cl (-): 2.41 (0.06, 12.9) | CI (-): 14.00 (6.63,
PPV: 55.56 (33.72, 95.47) CIR: 22.78 (2.75, 26.50)
Test (+/-) 75.44) PPV: 37.50 (13.68, 101.1) CIR: 2.68 (0.86, 8.27)
QFT-G (18/41) | NPV: 100 (91.43, 69.43)
T-SPOT (NA) | 100) NPV: 86.00 (73.81,
TST> 10 mm 93.05)
(8/50)
N
indeterminate
QFT-G: NR
T-SPOT: NA
TST: 1
N lost to
follow-up
NR
Song, 2014 | N test results QFT (GIT) TST >10 mm QFT (GIT) TST >10 mm R-CIR [QFT
South Korea QFT-GIT: 2966 | SN: 47.83 (95% CI: SN: 56.52 (95% ClI: Cl (+): 3.47 (95% ClI: Cl (+): 1.96 (95% CI: (GIT)] vs. TST >
[High] T-SPOT: NA 29.24, 67.04) 36.81, 74.37) 1.87, 6.17) 1.11, 3.36) 10 mm
TST: 2982 1.68 (95% ClI:
SP: 89.6 (95% ClI: SP: 78.03 (95% Cl: Cl (-): 0.45 (95% CI: Cl (-): 0.43 (95% CI: 0.94, 3.03)
Test (+/-) 88.45, 90.65) 76.51, 79.49) 0.24,0.79) 0.22,0.80)
QFT-GIT
(317/2649) PPV: 3.47 (95% CI: PPV: 1.96 (95% CI: CIR: 7.66 (95% CI: CIR: 4.55 (95% CI: R-OR [QFT
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Subgroup of interest — children and adolescents

Study ID Test results Test diagnostic accuracy in % (95% CI) Development of active TB
(Author name, Clin%, CIR R-CIR
year, and IDR in per P-Y, IDRR R-IDRR
country) (95% CI) (95% ClI)
[burden] IGRA TST (by threshold) IGRA TST
QFT (GIT/G) and/or QFT (GIT/G) and/or T- (by threshold) IGRAvs. TST
T-SPOT SPOT (by threshold)
T-SPOT (NA) 1.94, 6.10) 1.14,3.32) 3.41,17.21) 2.00, 10.32) (GIT)]
TST> 10 mm TST > 10 mm
(663/2319) NPV: 99.55 (95% CI: | NPV: 99.57 (95% CI: | OR=7.90 (95% CI: OR=4.62 (95% CI: 1.71 (95% ClI:
TST> 15 mm 99.21, 99.74) 99.21, 99.77) 3.46, 18.06) 2.02,10.58) 0.94, 3.11)
(231/2751)
TST > 15 mm TST > 15 mm
SN: 56.52 (95% Cl: Cl (+): 5.62 (95% ClI: R-CIR [QFT
N 36.81, 74.37) 3.23,9.47) (GIT)] vs. TST >
indeterminate 15 mm
QFT-GIT: 16 SP: 92.63 (95% ClI: Cl (-): 0.36 (95% Cl: 0.49 (95% CI:
T-SPOT: NA 91.64, 93.52) 0.18,0.67) 0.28,0.89)
TST: 0
PPV: 5.62 (95% CI: CIR: 15.48 (95% CI: R-OR [QFT
N lost to 3.31,9.38) 6.86, 34.92) (GIT)] vs. TST >
follow-up 15 mm
NR NPV: 99.64 (95% ClI: OR=16.35 (95% CI: 0.48 (95% CI:

99.33, 99.80)

7.08, 37.71)

0.27, 0.88)

Abbreviations: 95% CI = 95 percent confidence interval; Cl = cumulative incidence; CIR = cumulative incidence ratio; GIT = Gold In-Tube; IDR = incidence
density rate; IDRR = incidence density rate ratio; N = number; NPV = negative predictive value; PPV = positive predictive value; P-Y = person-year(s); QFT =
QuantiFERON-TB; R-CIR = ratio of cumulative incidence ratio; R-IDRR = ratio of incidence density rate ratio; SN = sensitivity; SP = specificity; TB =
tuberculosis; TST = tuberculin skin test
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IGRA TST-5mm Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Driel 2011 0903 04924 104 104 f.0% 247 [0.40,15.09)]
Mahomed 2011a 0064 0233 5244 5244 940% 1.07 [0.68, 1.68)
Total (95% CI) 5348 5348 100.0% 1.12[0.72, 1.75]

Heterageneity: Taut= 000 Chi*=078, df =1 (P=038); F=0% f

Testfor overall effect Z=0.51 (P = 0.61) 0.0 Fa\?ﬁLrs TST1 Favuur;DIGRPJ oo

Figure 3. Pooled ratio of cumulative incidence ratios (QFT-GIT vs. TST 5mm) in children

IGRA TST-10mm Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Ciel 2011 2.002 0651 104 104 28.49% 740 [2.07, 2657 —
Moarhakhsh 2011 214 0453 a4 a9 31.9% g.a0[2.88, 2517 —
Song 2014 n.a2 0.3 2066 2082 302% 1.68[0.93, 3.03] i
Total (95% CI) 3129 3145 100.0%  4.33[1.32, 14.23] il
Heterogeneity: Tau®=0.85; Chi*= 914 df=2 (P=0.01); F=78% T o 1o

Testfor overall effect £=2.41 (P =004 Favours TST Favours IGRA

Figure 4. Pooled ratio of cumulative incidence ratios (QFT-GIT vs. TST 10mm) in children

4.3.3.1.2 Sensitivity and specificity:

There was a wide variability in sensitivity and specificity of IGRA (QFT-GIT/G) and TST (5mm or
10mm) across newly identified studies.'%% 148150 The TST sensitivity was higher at 5mm compared to
10mm/15mm, and vice versa, specificity was better at 10mm/15 mm than at 5mm. IGRA (QFT-GIT/G)
demonstrated similar sensitivity (range: 48%-100%) and slightly better specificity (range: 49%-90%)
compared to TST 5mm (sensitivity range: 57%-100%; specificity range: 45%-65%). Although,
sensitivities of IGRA and TST 5mm were higher than that for TST 10mm/15mm (range: 30%-56%), the
corresponding specificities of these tests were lower compared to TST 10mm/15mm (63%-93%). The
forest plots of sensitivities and specificities were generated and due to high unexplained heterogeneity
(not explained by IGRA type and TST threshold, similar diagnostic methods of active TB), no meta-

analysis could be performed (see Figure 5, Figure 6, Figure 7, Figure 8).
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Sensitivity (95% CI)

[l [l
; ; Diel 2011 1.00 (0.54-1.00)
—@— Mahomed 2011a 0.75 (0.61-0.86)
i Noorbakhsh 2011 1.00 (0.69-1.00)

@ : ! Song 2014 0.48 (0.27-0.69)
| |
i i
i i
. .

Chi-square = 16.67;df= 3 (p = 0.0008)
0 0.2 04 0.6 0.8 1 Inconsistency (I-square) = 82.0 %
Sensitivity

Figure 5. Forest plot of sensitivity based on incidence of active TB (QFT-GIT/G) in children
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Figure 6. Forest plot of sensitivity based on incidence of active TB (TST) in children
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Figure 7. Forest plot of specificity based on incidence of active TB (QFT-GIT-G) in children
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Figure 8. Forest plot of specificity based on incidence of active TB (TST) in children
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4.3.3.2 Exposure levels

4.3.3.2.1 Ratios of diagnostic odds ratios (R-DORS):

This section included 17 studies: six studies from CG117%* 1% 1%8.160-162 (a0 Apnendix 6) and 11 in more
recent studies'®** 146.149.12 (sae Appendix 9). The association between the screening test results and the
risk of LTBI/exposure level measured using the ratio of diagnostic odds ratios (R-DOR; IGRA vs. TST)

in individual studies ranged from 0.27'% to 11.01."*! See summary Table 7 for exposure studies in
children.
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Table 7. Comparison of the test performance — diagnostic accuracy indices for identifying LTBI (exposure studies)

Subgroup of interest — children and adolescents

Same house/same

Same house/same

Same house/same

Study ID Test results Test diagnostic accuracy in % (95% CI) Construct validity
(Author name, (i.e., LTBI exposure-based proxy)
year, and DOR (95% CI) R-DOR (95% CI)
country) (vs. non-exposed; reference group)
[burden] IGRA TST (by threshold) IGRA TST (by threshold) IGRA (QFT-
QFT (GIT/G) and/or QFT (GIT/G) and/or GIT/G or T-SPOT)
T-SPOT T-SPOT vs. TST
(by threshold)
Adetifa, 2010'® | N test results QFT (GIT) TST >10 mm QFT (GIT) TST >10 mm QFT-GIT vs. TST
Gambia [High] QFT-GIT: 215 Same house/ different | Same house/ different | Same Same > 10 mm
T-SPOT: 215 room vs. different room vs. different house/different house/different Same
TST: 215 house house room vs. different room vs. different house/different
SN: NR SN: NR house house room
Test (+/-) SP: NR SP: NR DOR: 1.20 (0.60, DOR: 2.40 (1.00, R-DOR: 0.58 (0.28,
QFT-GIT PPV: NR PPV: NR 2.60) 5.80) 0.90)
(72/143) NPV: NR NPV: NR DORa: 1.50 (0.70, DORa: 2.90 (1.30, R-DORa: 0.52 (
T-SPOT (71/144) 3.10) 6.70) 0.29, 0.91)
TST> 10 mm
(57/158) Same house/same Same house/same Same house/same Same house/same Same house/same
room vs. different room vs. different room vs. different room vs. different room
N indeterminate | house house house house R-DOR: 0.32 (0.14,
QFT-GIT/G: 2 SN: NR SN: NR DOR: 3.20 (1.20, DOR: 10.10 (3.20, | 0.69)
T-SPOT: 0 SP: NR SP: NR 9.10) 32.10) R-DORa: 0.27
TST: 0 PPV: NR PPV: NR DORa: 4.00 (1.40, DORa: 15.00 (4.70, | (0.12,0.59)
NPV: NR NPV: NR 11.40) 47.20)
T-SPOT T-SPOT T-SPOT T-SPOT vs. TST >
Same house/ different Same Same 10 mm
room vs. different house/different house/different Same
house room vs. different room vs. different house/different
SN: NR house house room
SP: NR DOR: 2.00 (0.80, DOR: 2.40 (1.00, R-DOR: 0.83 (0.43,
PPV: NR 5.10) 5.80) 1.60)
NPV: NR DORa: 2.60 (0.90, DORa: 2.90 (1.30, R-DORa: 0.90
7.10) 6.70) (0.46, 1.76)

Same house/same
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room vs. different room vs. different room vs. different room
house house house R-DOR: 0.52 (0.22,
SN: NR DOR: 5.30 (1.50, DOR: 10.10 (3.20, 1.25)
SP: NR 18.50) 32.10) R-DORa: 0.44
PPV: NR DORa: 6.60 (1.70, DORa: 15.00 (4.70, | (0.18,1.09)
NPV: NR 25.20) 42.20)

Cruz, 2011 N test results T-SPOT TST > 15 mm T-SPOT TST > 15 mm T-SPOT vs. TST >

US [Low] T-SPOT: 163 Contact with an Contact with an Contact with an Contact with an 15 mm
TST: 163 identifiable source identifiable source identifiable source identifiable source Contact with an
case vs. no such case vs. no such case vs. no such case vs. no such identifiable source
Test (+/-) contact contact contact contact case
T-SPOT (94/69) | SN: NR SN: NR DOR: NR DOR: NR R-DOR: NA
TST> 15 mm SP: NR SP: NR DORa: 4.41 (1.78, DORa: 0.48 (0.26, R-DORa: 9.19
(94/69) PPV: NR PPV: NR 10.94) 0.91) (5.23, 16.3)
NPV: NR NPV: NR
N indeterminate
T-SPOT: 22
TST: 22
Kasambira, N test results QFT (GIT) TST >5 mm QFT (GIT) TST >5 mm QFT-GIT vs. TST
2011 QFT-GIT: 251 Exposure to index Exposure to index Exposure to index Exposure to index >5 mm
South Africa TST: 254 case during the case during the case during the case during the Exposure to index
[High] majority of day (> 7 majority of day (> 7 majority of day (> 7 | majority of day (> 7 | case during the
Test (+/-) hrs) vs. minority of hrs) vs. minority of hrs) vs. minority of | hrs) vs. minority of | majority of day (> 7
QFT-GIT day (< 6 hrs) day (< 6 hrs) day (< 6 hrs) day (< 6 hrs) hrs)
(79/172) SN: 29.87 (23.2, SN: 29.79 (22.86, DOR: 1.10 (0.63, DOR: 1.20 (0.67, R-DOR: 0.92 (0.62,
TST> 5 mm 37.52) 37.79) 1.80) 2.10) 1.36)
(71/183) SP: 71.68 (62.77, SP: 73.64 (64.71, DORa: 1.30 (0.69, DORa: 1.10 (0.58, R-DORa: 1.18
79.17) 80.97) 2.30) 2.10) (0.75, 1.85)
N indeterminate | PPV: 58.97 (47.89, PPV: 59.15 (47.54, Adult index case Adult index case Adult index case
QFT-GIT: 19 69.22) 69.83) smear grade (vs. smear grade (vs. smear grade (+3)
TST: 16 NPV: 42.86 (36.01, NPV: 45.00 (37.91, negative) negative) R-DOR: 0.78 ( 0.40,
49.99) 52.30) 1.52)
Scanty Scanty R-DORa: 0.97 (
DOR: 0.30 (0.05, DOR: NR 0.27, 3.47)
1.60) DORa: NR
DORa: NR
1+ 1+
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DOR: 1.50 (0.70,
3.60)

DORa: 5.50 (0.89,
34.70)

2+
DOR: 1.50 (0.50,
4.90)

DORa: 8.70 (1.20,
62.00)

DOR: 2.81 (1.20,
6.70)

DORa: 7.90 (1.50,
41.00)

2+
DOR: 2.90 (0.80,
10.60)

DORa: 15.70 (2.60,
92.0)

3+ 3+
DOR: 3.20 (1.40, DOR: 4.10 (1.50,
7.40) 11.10)
DORa: 11.40 (1.80, | DORa: 11.70 (2.20,
72.00) 62.00)
Laniado- N test results QFT (GIT) TST =5 mm QFT (GIT) TST =5 mm QFT-GIT vs. TST
Laborin, 2014 | QFT-GIT: 172 Exposure to source Exposure to source Exposure to source: | Exposure to source: | =5 mm
Mexico TST: 172 Hours/day exposure DORa: 0.91 (95% NR (p=NR; NS) R-DORa: NA
[intermediate] Hours/day exposure # of cohabitants Cl 0.57, 1.45)
Test (+/-) # of rooms
QFT-GIT # of cohabitants SN: NR Hours/day exposure: | Hours/day exposure:
(71/101) SP: NR DORa: 1.03 (95% NR (p=NR; NS)
TST=5 mm # of rooms PPV:NR Cl10.96, 1.10) # of cohabitants: NR
(136/36) SN: NR NPV: NR (p=NR; NS)
N indeterminate | SP: NR # of cohabitants:
QFT-GIT: 1 PPV: NR DORa: 0.91 (95% # of rooms: NR
TST: 1 NPV: NR Cl10.79, 1.05) (p=NR; NS)
# of rooms: DORa:
1.12 (95% C1 0.77,
1.61)
Mahomed, N test results QFT (GIT) TST >5 mm QFT (GIT) TST >5 mm QFT-GIT vs. TST
2011p* QFT-GIT: 5244 Current or prior TB Current or prior TB Current or prior TB | Current or prior TB | >5 mm
South Africa TST: 5244 household contact vs. | household contact vs. | household contact household contact Current or prior TB
[High] no such contact no such contact vs. no such contact | vs. no such contact | household contact
Test (+/-) SN: 66.67 (64.09, SN: 71.32 (68.83, DOR: 2.40 (2.11, DOR: 2.52 (2.20, R-DOR: 0.94 (0.86,
QFT-GIT 69.15) 73.69) 2.74) 2.88) 1.04)
(2669/2562) SP: 54.32 (52.75, SP: 50.31 (48.74, DORa: 1.90 (1.70, DORa: 2.00 (1.70, R-DORa: 0.95
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TST> 5 mm 55.88) 51.87) 2.20) 2.30) (0.86, 1.05)
(2894/2350) PPV: 33.27 (31.51, PPV: 32.83 (31.14,
35.08) 34.56)
N indeterminate | NPV: 82.67 (81.16, NPV: 83.74 (82.2,
QFT-GIT: 13 84.09) 85.18)
TST: 0
Pavic, 2011™" N test results QFT (GIT) TST > 10 mm QFT (GIT) TST > 10 mm QFT-GIT vs. TST
Croatia [Low] QFT-GIT: 141 Close contact Close contact Close contact Close contact > 10 mm
TST: 142 (household contact (household contact (household contact (household contact Close contact
with aggregate with aggregate with aggregate with aggregate (household contact
Test (+/-) exposure to a patient | exposure to a patient | exposure to a patient | exposure to a patient | with aggregate
QFT-GIT with active TB >40 with active TB >40 with active TB >40 | with active TB >40 | exposure to a patient
(18/123) hrs in closed rooms) hrs in closed rooms) hrs in closed rooms) | hrsin closed rooms) | with active TB >40
TST> 10 mm vs. distant contact vs. distant contact vs. distant contact vs. distant contact hrs in closed rooms)
(24/118) (occasional or unclear | (occasional or unclear | (occasional or (occasional or R-DOR: 0.66 (0.15,
exposure time or <40 | exposure time or <40 | unclear exposure unclear exposure 2.89)
N indeterminate | hrs during the hrs during the time or <40 hrs time or <40 hrs R-DORa: NA
QFT-GIT: 1 presumed period of presumed period of during the presumed | during the presumed
TST: 0 infectiousness) infectiousness) period of period of

SN: 19.54 (12.57,
29.08)

SN: 26.44 (18.31,
36.56)

infectiousness)

DOR: 12.87 (1.66,

infectiousness)

DOR: 19.41 (2.53,

SP: 98.15 (90.23, SP: 98.18 (90.39, 99.80) 148.40)
99.67) 99.68) DORa: NR DORa: NR
PPV: 94.44 (74.24, PPV: 95.83 (79.76,
99.01) 99.26)
NPV: 43.09 (34.68, NPV: 45.76 (37.05,
51.92) 54.74)
Perez-Porcuna, N test results QFT (GIT) TST > 10 mm QFT (GIT) TST > 10 mm QFT-GIT vs. TST
2014° QFT-GIT: 116 Time of exposure to Time of exposure to Time of exposure to | Time of exposure to | > 10 mm
Brazil TST: 135 the index case (# the index case (# the index case (# the index case (# Time of exposure to
[intermediate] months) months) months) months) the index case (#
Test (+/-) SN: NA SN: NA DOR: NR (p=0.024) | DOR: NR (p<0.001) | months)
QFT-GIT (36/80) | SP: NA SP: NA R-DOR: NA
TST> 10mm PPV: NA PPV: NA DORa: NR DORa: 1.15 (95% R-DORa: NA
(47/88) NPV: NA NPV: NA (p=0.537) Cl: 1.04, 1.27;
p=0.009)

N indeterminate
QFT-GIT: 19

Mycobacterium

Mycobacterium
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TST:0

Mycobacterium
tuberculosis contact
(MTC) score: 0-15

Mycobacterium
tuberculosis contact
(MTC) score: 0-15

tuberculosis contact
(MTC) score: 0-15

tuberculosis contact
(MTC) score: 0-15

Mycobacterium
tuberculosis contact
(MTC) score: 0-15

SN: NA SN: NA DOR: NR (p=0.021) | DOR: NR (p<0.001) | R-DOR: NA
SP: NA SP: NA R-DORa: 0.90 (95%
PPV: NA PPV: NA DORa: 1.16 (95% DORa: 1.29 (95% Cl: 0.80, 1.01)
NPV: NA NPV: NA Cl: 1.01, 1.33; Cl: 1.08, 1.54;
p=0.035) p=0.005)
Rutherford, N test results QFT (GIT) TST > 10 mm QFT (GIT) TST > 10 mm QFT-GIT vs. TST
2012a-p% 109 QFT-GIT: 290 Characteristics of TB | Characteristics of TB | Characteristics of Characteristics of >10 mm
Indonesia [High] | TST: 302 case smear positivity | case smear positivity | TB case smear TB case smear Characteristics of
(3+ vs. Scanty/1+) (3+ vs. Scanty/1+) positivity (2+ vs. positivity (2+ vs. TB case smear
Test (+/-) SN: 62.5 (53.58, SN: 61.9 (53.19, Scanty/1+) Scanty/1+) positivity (3+)
QFT-GIT 70.65) 69.91) DOR: 1.56 (0.78, DOR: 1.80 (0.89, R-DOR: 0.73 (0.45,
(152/138) SP: 59.6 (49.75, SP: 68.27 (58.81, 3.11) 3.63) 1.17)
TST> 10mm 68.73) 76.43) DORa: NR DORa: NR R-DORa: 0.78
(145/157) PPV: 65.22 (56.15, PPV: 70.27 (61.21, (0.47,1.28)
73.3) 77.98) Characteristics of Characteristics of
N indeterminate | NPV: 56.73 (47.14, NPV: 59.66 (50.68, TB case smear TB case smear
QFT-GIT: 14 65.85) 68.04) positivity (3+ vs. positivity (3+ vs.
TST: 2 Scanty/1+) Scanty/1+)
DOR: 2.43 (1.21, DOR: 3.35 (1.81,
4.86) 6.21)

Relationship to child
(Parent vs. Other)
SN: 61.19 (54.59,
67.4)

SP: 77.27 (63.01,
87.16)

PPV: 93.06 (87.69,
96.18)

NPV: 28.57 (21.22,
37.26)

Relationship to child
(Parent vs. Other)
SN: 55.9 (49.42,
62.18)

SP: 82.22 (68.67,
90.71)

PPV: 94.12 (88.82,
96.99)

NPV: 26.81 (20.12,
34.76)

DORa: 2.28 (1.06,
4.90)

Relationship to child
(Aunt/Uncle vs.
Other)

R-DOR: 1.51 (0.44,
5.17)

R-DORa: NR

Relationship to child
(Parent vs. Other)
R-DOR: 5.61 (2.40,
13.12)

R-DORa: 4.30

DORa: 2.93 (1.59,
5.39)

Relationship to child
(Aunt/Uncle vs.
Other)

R-DOR: 2.31 (0.77,
6.79)

R-DORa: NR

Relationship to child
(Parent vs. Other)
R-DOR: 5.85 (2.56,
13.38)

R-DORa: 7.04

Relationship to child
(Parent vs. Other)
R-DOR: 0.96 (0.52,
1.61)

R-DORa: 0.78
(0.47,1.28)
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Sleeping proximity to
child (same bed vs.
different room)
SN: 59.24 (51.42,
66.61)

SP: 59.05 (49.48,
67.97)

PPV: 68.38 (60.15,
75.6)

NPV: 49.21 (40.63,
57.83)

Time spent with child
(# hrs/day; >8 vs. <2)
SN: 52.00 (44.06,
59.85)

SP: 42.55 (29.51,
56.72)

PPV: 74.29 (65.17,
81.68)

NPV: 21.74 (14.54,

Sleeping proximity to
child (same bed vs.
different room)
SN: 51.52 (43.94,
59.02)

SP: 56.88 (47.51,
65.79)

PPV: 64.39 (55.92,
72.05)

NPV: 43.66 (35.78,
51.88)

Time spent with child
(# hrs/day; >8 vs. <2)
SN: 47.47 (39.83,
55.22)

SP: 41.67 (28.85,
55.72)

PPV: 72.82 (63.52,
80.47)

NPV: 19.42 (12.94,

(1.48, 12.45)

Sleeping proximity
to child (same room
vs. different room)
R-DOR: 1.87 (0.70,
5.02)

R-DORa: NR
Sleeping proximity
to child (same bed
vs. different room)
R-DOR: 2.01 (1.12,
3.61)

R-DORa: 1.45
(0.70, 2.99)

Time spent with
child (# hrs/day; 2-8
Vs. <2)

R-DOR: 0.78 (0.33,
1.80)

R-DORa: NR

Time spent with
child (# hrs/day; >8

(2.23, 22.28)

Sleeping proximity
to child (same room
vs. different room)
R-DOR: 1.21 (0.41,
3.53)

R-DORa: NR
Sleeping proximity
to child (same bed
vs. different room)
R-DOR: 1.35 (0.79,
2.32)

R-DORa: NR

Time spent with
child (# hrs/day; 2-8
Vs. <2)

R-DOR: 0.55 (0.24,
1.24)

R-DORa:

Time spent with
child (# hrs/day; >8

Sleeping proximity
to child (same bed)
R-DOR: 1.47 (1.05,
2.16)

R-DORa: NA

Time spent with
child (# >8 hrs/day)
R-DOR: 1.30 (0.75,
2.24)

R-DORa: NA

31.21) 28.1) vs. <2) vs. <2)
R-DOR: 0.83 (0.38, | R-DOR: 0.64 (0.31,
1.79) 1.36)
R-DORa: NR R-DORa: NR
Talbot, 2012'° | N test results T-SPOT TST > 15 mm T-SPOT TST > 15 mm T-SPOT vs. TST >
US [Low] T-SPOT: 143 Non-low-TB Non-low-TB Non-low-TB Non-low-TB 15 mm
TST: 143 exposure risk vs. low- | exposure risk vs. low- | exposure risk vs. exposure risk vs. Non-low-TB
TB exposure risk TB exposure risk low-TB exposure low-TB exposure exposure risk vs.
Test (+/-) group group risk group risk group low-TB exposure
T-SPOT (5/138) risk group
TST> 15 mm
(6/137) SN: NR SN: NR DOR: NR DOR: NR R-DOR: NA
SP: 100 (97.00, 100) | SP: 98.39 (94.31, DORa: NR DORa: NR R-DORa: NA
N indeterminate | PPV: NR 99.56)
T-SPOT: 15 NPV: NR PPV: NR
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TST: 22 NPV: NR
Tieu, 2014™ N test results QFT (GIT) TST >10 mm QFT (GIT) TST > 10 mm QFT-GIT vs.
) ) QFT-GIT: 136 TSPOT TST > 15 mm TST>10mm
Thailand [high] | TSPOT: 136
TST: 136 TB contact score TB contact score TB contact score TB contact score TB contact score
SN: NA SN: NA (>13 vs. 8-12) (>13 vs. 8-12) (>13 vs. 8-12)
Test (+/-) SP: NA SP: NA
QFT-GIT (40/96) | PPV: NA PPV: NA DOR: 4.04 (95% CI: | DOR: 2.59 (95% ClI: | R-DOR: 1.56 (95%
TSPOT (36/100) | NPV: NA NPV: NA 1.81, 8.99) 1.28,5.23) Cl:0.91, 2.69)
TST>10 mm R-DORa: 0.90 (95%
(88/48) DORa: 1.98 (95% DORa: 2.21 (95% Cl:0.44,1.82)
TST>15 mm Cl: 0.64,6.11) Cl: 0.99, 4.98)
(48/88) QFT-GIT vs.
TST=15mm
N indeterminate TSPOT TST > 15 mm TB contact score
QFT-GIT: 0 TB contact score TB contact score (>13 vs. 8-12)
TSPOT: 0 (>13 vs. 8-12) (>13 vs. 8-12)
TST: 0 R-DOR: 1.84 (95%

DOR: 3.50 (95% ClI:

1.57,7.81)

DORa: 3.15 (95%
Cl: 1.35,7.34)

DOR: 2.19 (95% Cl:

1.0, 4.43)

DORa: 0.83 (95%
Cl: 0.35, 1.99)

Cl: 1.07, 3.18)

R-DORa: 2.39 (95%
Cl: 1.15, 4.93)

TSPOT vs.
TST>10mm

TB contact score
(=13 vs. 8-12)

R-DOR: 1.35 (95%
CI: 0.78, 2.33)

R-DORa: 1.43 (95%
Cl: 0.78, 2.59)

TSPOT vs.
TST>15mm

TB contact score
(=13 vs. 8-12)
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R-DOR: 1.60 (95%
Cl: 0.93, 2.75)

R-DORa: 3.80 (95%
Cl: 2.04, 7.05)

Tsolia, 2010™*
Greece [Low]

N test results
QFT-GIT: 95
TST: 99

Test (+/-)
QFT-GIT (32/63)
TST> 5 mm
(55/44)

N indeterminate
QFT-GIT: 4
TST: 0

QFT (GIT)

Contact with an adult
TB (non-household
regular vs. non-
household occasional)
SN: 33.33 (18.64,
52.18)

SP:90.91 (62.26,
98.38)

PPV: 90.00 (59.58,
98.21)

NPV: 35.71 (20.71,
54.17)

Contact with an adult
TB (household vs.
non-household
occasional)

SN: 38.6 (27.086,
51.57)

SP: 90.91 (62.26,
98.38)

PPV: 95.65 (79.01,
99.23)

NPV: 22.22 (12.54,
36.27)

TST =5 mm
Contact with an adult
TB (non-household
regular vs. non-
household occasional)
SN: 64.29 (45.83,
79.29)

SP: 36.36 (15.17,
64.62)

PPV: 72.00 (52.42,
85.72)

NPV: 28.57 (11.72,
54.65)

Contact with an adult
TB (household vs.
non-household
occasional)

SN: 50.00 (37.73,
62.27)

SP: 36.36 (15.17,
64.62)

PPV: 81.08 (65.79,
90.52)

NPV: 11.76 (4.67,
26.62)

QFT (GIT)
Contact with an
adult TB (non-
household regular
vs. non-household
occasional)

DOR: 5.00 (0.55,
45.39)

DORa: NR

Contact with an
adult TB (household
vs. non-household
occasional)

DOR: 6.28 (0.75,
52.56)

DORa: NR

TST >5 mm
Contact with an
adult TB (non-
household regular
vs. non-household
occasional)

DOR: 1.03 (0.24,
4.39)

DORa: NR

Contact with an
adult TB (household
vs. non-household
occasional)

DOR: 0.57 (0.15,
2.15)

DORa: NR

QFT-GIT vs. TST
> 5 mm

Contact with an
adult TB (non-
household regular)
R-DOR: 4.85 (95%
Cl: 1.26, 18.69)
R-DORa: NA

Contact with an
adult TB (household
regular)

R-DOR: 11.02 (
3.07, 39.60)
R-DORa: NA

Abbreviations: 95% CI = 95 percent confidence interval; DOR = diagnostic odds ratio; DORa = adjusted diagnostic odds ratio; GIT = Gold In-Tube; N =
number; NPV = negative predictive value; PPV = positive predictive value; QFT = QuantiFERON-TB; R-DOR = ratio of diagnostic odds ratio; R-DORa =
adjusted ratio of diagnostic odds ratio; SN = sensitivity; SP = specificity; TB = tuberculosis; TST = tuberculin skin test
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The updated meta-analysis included 14 studies: six studies from CG11

and eight more recent studies published in 2009 and onwards
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103-109, 111, 152

7154, 155, 158, 160-162

(see Appendix 9). One study

(see Appendix 6)

110

did not provide sufficient information to calculate the R-DOR, therefore this study could not be included

in the meta-analysis. In a random effects meta-analysis of 14 studies,

103-109, 111, 152, 154, 155, 158, 160-162

of which

two studies used T-SPOT.TB'* **® and the remaining 12 studies used QFT-GIT (or G), the pooled R-
DOR showed a significantly stronger association for IGRAs compared to TST in relation to a risk of
LTBI/exposure level (pooled R-DOR = 1.98, 95% Cl: 1.19, 3.28; I = 89%) (Figure 9).

IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Adetifa 2010 -1.321 0408 215 2148 7.9% 0,27 [0.12, 0.84] E—
Brock 2004 0.eay 0712 g5 g5 a8.6% 1.93[0.48, 7.74)] ]
Chun 2008 0113 0609 71 71 6.3% 1.12[0.34, 2.65)] I —
Cruz 2011 2217 0286 163 163 3.7% 9.181[5.24,16.08] —
Hansted 2008 0939 04541 ar ar 6.8% 2,56 [0.849, 7.28] T
Higuchi 2009 1.4498 06 33 306 6.4% 4.47[1.28, 14.50] —
kasambira 2011 -0.025 0647 267 241 6.0% 0.93 [0.27, 2.47] T
Lighter 2009 231 0603 174 174 6.4% 1008 [3.09, 32.88) —
wahomed 2011h -0.0581 0081 5231 5244 9.7% 0.95 [0.86, 1.04] b
Okada 2008 0737 0A56 195 184 B.7% 209070, 6.21] T
Pavic 2011 -041 07s1 141 142 f.3% 0.6GE [0.14, 2.84)] .
Rutherford 2012 04 0182 240 302 9.3% 1.49[1.04,2173] i
Tieu 2014 0444 0277 136 136 8.8% 1.86[0.91, 2.68) T
Tsolia 2010 2389 0RA2 fa 7 BO0% 11.01 [3.07F, 38.52) e —
Total {95% CI) 7446 7452 100.0% 1.98 [1.19, 3.28] <
Heterogeneity: Tau®= 0.68; Chi*=11616, df=13 (P = 0.00001); *= 89% ID 0 DI1 150 1DIZI=

Testfor averall effect: £= 2. 64 (P=0.008)

Favours TST Favours IGRA

Figure 9. Pooled ratio of diagnostic odds ratio (R-DOR) of IGRA vs. TST based on high risk and

low risk exposure in children

Heterogeneity was high (1* = 89%) and the sources of heterogeneity were explored through subgroup

analyses in regards to burden of TB incidence, IGRA type, TST threshold, and study setting. The
simultaneous meta-analytic stratification by IGRA type (QFT-GIT/G and TSPOT) and TST threshold
(5mm, 10-15mm) (Figure 10, Figure 11, Figure 12) as well as study setting (community-based contact

and hospital-based studies) did not help to explain the presence of heterogeneity (i.e., heterogeneity

persisted in these analyses) (see Figure 13, Figure 14).
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IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odids Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Chun 2008 0113 0609 71 71 18E% 1.12[0.34, 3.68) I
Higuchi 2009 1.4498 06 33 306 188% 4. 47 [1.38,14.50)] I —
kasamhbira 2011 -0.025 0647 267 281 1T7.49% 0,98 [0.27, 3.47] i
Mahamed 2011h -0.051 0081 5231 5244 2649% 0.95[0.86, 1.05] L |
Tsolia 2010 2399 0652 Ga T O17.8%  11.01 [3.07,39.52 e —
Total (95% CI) 5950 5943 100.0% 2.04[0.81, 5.13] L
Heterogeneity: Tau®=0.82; Chi®*= 2058, df=4 (P = 0.0004); F= 831% 'IZI.IZ|1 DH 1'E| 1E|D'

Testfor overall effect Z=151 FP=013 Favaurs TST Favaurs IGRA

Figure 10. Pooled ratio of diagnostic odds ratio (R-DOR) of QFT vs. TST 5mm based on high risk

and low risk exposure in children

IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Adetifa 2010 1321 0406 2145 218 158% 0.27[0.12, 0.54)] —
Brock 2004 0.6&7 0712 aa g5 11.0% 1.93[0.48, 7.74) N e —
Lighter 2009 2311 0603 174 174 126% 1008 [3.09, 3288 e —
Okada 2008 0737 0AR5E 195 185% 13.3% 209070, 6.21] T
Pavic 2011 -041 07a1 141 142 104% 0.6GE [0.14, 2.84)] i
Rutherford 2012 04 0182 290 302 19.0% 1.49[1.04,2173] Rl
Tieu 2014 0612 0277 136 136 17.8% 184 1.07,317] =
Total (95% CI) 1236 1249 100.0% 1.48 [0.75, 2.95] ?
Heterogeneity: Tau®*= 0.61; Chi®= 30 26, df= 6 (P = 0.0001); F=80% =D 0 D=1 ] 1=D 1DI:|=

Testfor averall effect: Z=1.13 (P =026 Favours TST Favours IGRA

Figure 11. Pooled ratio of diagnostic odds ratio (R-DOR) of QFT vs. TST 10-15mm based on high

risk and low risk exposure in children

IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Adetifa 2010 -1.321 0408 215 215 24.49% 0,27 [0.12, 0.85] —
Cruz 2011 2217 0286 163 163 258% 9.181[5.24,16.08] —=
Hansted 2008 0939 04541 ar 97 22.6% 2,56 [0.849, 7.28] T
Tieu 2014 03 0277 136 136 258% 1.35[0.74, 2.33] T
Total (95% CI) 611 611 100.0% 1.72[0.39, 7.62] -?—
Heterogeneity: Tau®= 2 16; Chi*= 5521, df = 3 (P = 0.00001%; F= 95% ID 0 DI1 ] 150 1DIZI=

Testfor averall effect: Z=0.71 (P =0.48) Favours TST Favours IGRA

Figure 12. Pooled ratio of diagnostic odds ratio (R-DOR) of TSPOT vs. TST 10-15mm based on

high risk and low risk exposure in children
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IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odids Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Adetifa 2010 1321 0406 2145 218 12.3% 0.27[0.12, 0.54)] I
Brock 2004 0657 0712 aa aa B.2% 1.93[0.48, 7.74) ]
Higuchi 2009 1.4498 06 313 306 T.9% 4.47 [1.38, 14.50] e —
kasamhbira 2011 -0.025 0647 26T 251 T.1% 0.98 [0.27, 3.47] . E—
Mahamed 2011h -0.0581 0081 5231 5244 224% 0.95 [0.86, 1.08] L |
Okada 2008 0737 0556 195 185 a.7% 209070, 6.21] T
Rutherford 2012 0.4 0182 290 302 19.3% 1.49[1.04, 213 Rl
Tieu 2014 0444 0277 136 136 162% 1.56 [0.91, 2.68] ™
Total (95% CI) 6732 6734 100.0% 1.22 [0.81, 1.83] ?
Heterogeneity, Tau*= 0.19; Chi®= 2787, df =7 (P = 0.0002); F=75% ID o DI1 ] 1=D 1E|E|=

Testfor overall effect £=04959 (F=0.34

Favours TST Favours IGRA

Figure 13. Pooled ratio of diagnostic odds ratio (R-DOR) of IGRA vs. TST based on high risk and

low risk exposure (Community based contact studies only) in children

IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Chun 2008 0113 0609 71 T 16.2% 1.12[0.34, 3.64] I
Cruz 2011 2MT 0286 13 163 207% 918 [5.24,16.08] —=
Hansted 2008 0939 04541 a7 97 1T2% 280 [0.849, 7.38]
Lighter 20049 231 0603 174 174 163%  10.08 [3.09, 32.88] I —
Pawic 2011 041 0Fst 141 142 141 % 066015, 2.88)] i
Tsolia 2010 2389 0652 Ga 71 1858% 11.01 [3.07,39.52] s —
Total (95% CI) 714 718 100.0% 3. 78[1.53, 9.36] -l
Heterogeneity, Tau®= 0.95; Chi®= 2207, df =5 (P = 0.0005);, F=77% ID o 051 1I|Z| 1DD=

Testfor overall effect. Z=2.87 (P=0.004)

Fawours TST Fawours IGRA

Figure 14. Pooled ratio of diagnostic odds ratio (R-DOR) of IGRA vs. TST based on high risk and

low risk exposure (Hospital based studies only) in children

However, the subgroup analysis by country of burden explained some (but not all) of the observed

heterogeneity and revealed an interesting trend showing no difference between IGRAs and TST in
identifying LTBI across studies conducted in countries of high TB burden (pooled R-DOR = 1.13, 95%
Cl: 0.78, 1.65; I* = 71) (see Figure 15 and Figure 16).
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IGRA TST Odlds Ratio Odlds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Adetifa 2010 -1.321 0405 215 M5 11.5% 027 (012, 0549 —_—
Chun 2008 0113 0604 71 71 f.49% 1.12 [0.24, 3.649]  —
Hansted 2009 0938 04541 a7 a7 8.2% 286 [0.89, 7.38] I
kKasambira 2011 -0.025 0647 267 291 f.4% 0.98 [0.27, 3.47] T
Mahomed 2011b -0.081 00581 A231 4244 23 6% 0.95 [0.86, 1.04] L |
Qkada 2008 0737 0556 195 195 7.9% 2.09[0.70,6.21] T
Rutherford 2012 04 0182 290 302 197% 1.49[1.04,213] el
Tieu 2014 0444 02777 136 136 1549% 1.56 [0.90, 2.649] ™
Total (95% Cl) 6502 6511 100.0% 1.13[0.78, 1.65] ?
Heterageneity; Tau?= 0.18; Chi*= 23.80, df= 7 (P = 0.001%; F=71% ID.EH 0?1 ] 150 1DE|I

Test for overall effect: Z= 0.66 (P =0.41) Favours TST Favours IGRA

Figure 15. Pooled ratio of diagnostic odds ratio (R-DOR) of IGRA vs. TST based on high risk and

low risk exposure (studies conducted in high burden countries) in children

In contrast, IGRA was significantly superior to TST in identifying LTBI in the settings of low TB burden
(pooled R-DOR = 4.74, 95% CI: 2.15, 10.44; 1> = 67%) (see Figure 16).

IGRA TST Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight I, Random, 95% CI IV, Random, 95% CI
Brock 2004 0.6A7 0712 a5 85 14.4% 1.93[0.48, 7.74) B
Cruz 2011 2MT 0286 163 163 232% 918524, 16.08] —&
Higuchi 2009 1.4498 06 313 306 16E% 4 47 [1.38,14.80) e —
Lighter 2009 2311 0603 174 174 AGBA%  10.08[3.09, 3288] e —
Pawic 2011 041 0Fat 141 142 13T% 0GR 015, 2.8 I
Tsaolia 2010 23849 0.RA2 ma 71 18E6% 11.01[3.07, 3952 e —
Total (95% CI) 944 941 100.0%  4.74[2.15,10.44] il
Heterogeneity, Tau®= 0.62; Chif=15.14, df= 5 (P = 0.010); F= 67 % =IZI 0 IZI=1 1=IZI 1IZID=

Testfor overall effect. £= 3.86 (F = 0.0001) Favaurs TST Favours IGRA

Figure 16. Pooled ratio of diagnostic odds ratio (R-DOR) of IGRA vs. TST based on high risk and

low risk exposure (studies conducted in low burden countries) in children

In five studies, trends for exposure gradient (across more than two ordinal exposure groups) for IGRA

and TST were explored with respect to sleeping proximity (same house/same room, same house/different

103, 108, 109 105
adult

room, different house), index case type of TB diagnosis,” " adult index case smear grade

(negative, scanty, 1+, 2+, 3+),'% %1% duration of exposure to index case (time spent with child),'* ***

109152 re|ationship to index case (parent, aunt/uncle, other),'® ** **2 TB contact score (score-based

152 and type of contact (household, non-household regular, occasional).*! In general, for both

categories),
tests IGRA and TST, there was an increasing trend in DORs across the exposure groups. In two studies,
this trend was absent for both tests in relation to duration of exposure to index case™® *® and for TST in

relation to type of contact.** See Appendix 9 for full extraction sheets.
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4.3.3.2.2 Sensitivity and specificity:

Sensitivity and specificity:

In this analysis, six'% 104 110.146.149.152 ¢ the included 11 recent studies ! 146149152 f3iled to provide

sufficient information for calculating both sensitivity and specificity.'%% 14 110.146.149.152 Thara \as 3 wide
variability in sensitivity and specificity of IGRA (QFT-GIT/G) and TST (5mm or 10mm) with

overlapping values across the five remaining studies'®*% !

20, Figure 21, Figure 22, Figure 23, Figure 24).

(see Figure 17, Figure 18, Figure 19, Figure

Sensitivity (95% CI)

(0.23-0.38)
(0.64 - 0.69)
(0.12-0.29)
(0.44 - 0.60)
(0.26 - 0.52)

—o— . Kasambira 2011 0.30
e Mahomed 2011b 0.67
—&— Do Pavic 2011 0.20
—@® Rutherford 2012 0.52
—e— | | Tsolia 2010 0.39
[
[
[
L
Chi-square = 155.87; df = 4 (p = 0.0000)
0 0.2 0.4 0.6 0.8 1 Inconsistency (l-square) = 97.4 %
Sensitivity

Reference standard {exposure groups} in studies

Wazambira 2011: Exposure to index case (= 7 hrs we. =G hrs)

Mahomed 2011h: Current or prior TB household cortact va. no such contact

Pavic 2011: Household contact with active TB (=40 hrs) vs. occasional or unclear contact (=40 hrs)
Rutherford 2012; Time spent with child (# hrsiday; =8 ve. =2

Tealia 201 0: Cortact with an adult TB (household vs. non-household occaszionsl)

Figure 17. Forest plot of sensitivity based on exposure groups (QFT-GIT) in children
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Sensitivity (95% Cl)

TET Smim

"o — e Kasambira 2011 0.30 (0.22-0.38)
- . Mahomed 2011b 0.71 (0.69-0.74)
o Pavic 2011 0.26 (0.18-0.37)
[P Rutherford 2012 0.47 (0.39-0.56)
i Tsolia 2010 0.50 (0.37-0.63)
| |
| |
i
L
Chi-square = 172.94; df = 4 (p = 0.0000)
0 0.2 04 0.6 0.8 1 Inconsistency (l-square) = 97.7 %
Sensitivity

Reference standard (exposure) groups in studies

Hasamhira 2011 Exposureto index casze (= 7 hrz vs. = G hrs)

Mahomed 201 1k: Current or prior TB household cortact ve. no such contact

Pavic 201 1: Household contact with active TB (240 hre) vs. occasional or unclear contact (=40 hrs)
Rutherford 201 2: Time spert with child (# hreiday, =8 vs. 22)

Taolia 2010; Contact with an adut TB (househald va. non-household occasional)

Figure 18. Forest plot of sensitivity based on exposure groups (TST) in children

Sensitivity (95% CI)
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Chi-square = 100.22; df = 2 (p = 0.0000)
0 0.2 0.4 0.6 0.8 1 Inconsistency (l-square) = 98.0 %
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Reference standard {exposure) aroups in studies

Kasambira 2011: Exposure to index case (= 7 hrs vs. = G hrs)
Mahomed 2011k Current or prior TB household contact vs. no such cortact
Tzolia 2010; Contact with an adult TB (househald vs. non-household occasional)

Figure 19. Forest plot of sensitivity based on exposure groups (TST 5mm) in children
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Sensitivity (95% CI)

Pavic 2011 0.26 (0.18-0.37
Rutherford 2012 0.47 (0.39-0.56

Chi-square = 10.65; df = 1 (p = 0.0011)
Inconsistency (I-square) = 90.6 %

Pavic 2011: Household contact with active TB (240 hrs) vs. occasional or unclear contact (=40 hrs)

Rutherford 2012: Time spent with child (# hrsiday; =8 vs. =2)

Figure 20. Forest plot of sensitivity based on exposure groups (TST 10mm) in children
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Figure 21. Forest plot of specificity based on exposure groups (QFT-GIT) in children
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Figure 22. Forest plot of specificity based on exposure groups (TST) in children
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Figure 23. Forest plot of specificity based on exposure groups (TST 5mm) in children
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Specificity (95% CI)
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Figure 24. Forest plot of specificity based on exposure groups (TST 10mm) in children

Both QFT-GIT/G and TST (5mm or 10mm) demonstrated better specificity (range: 36%-98%) than
sensitivity (range: 20%-71%). There was no clear numerical pattern indicating the superiority of IGRA
over TST (or vice versa) with respect to sensitivity and specificity. Forest plots of sensitivities and
specificities showed a great extent of heterogeneity not explained by IGRA type and/or TST threshold),

therefore, no meta-analysis was performed.

4.3.3.2.3 Influence of BCG vaccination status on test positivity:

In this analysis, four'®” 1% 146:152 of the included 11 recent studies'®*!* 1% 14%.152 gid not report any
information needed to determine whether or not the BCG vaccination status influenced the odds of test
positivity differentially for IGRAs and TST."" *° Of the seven remaining studies reporting this

103-106, 108, 109, 111, 149

evidence, only three demonstrated significantly increased ORs for TST positivity in

relation to BCG vaccination status (range of ORs: 1.16-20.34).1%4 1% 1 The odds of test positivity for

103-106, 108,109, 111, 149 \yare not significantly different between the BCG

IGRAS across the seven studies
vaccinated vs. non-vaccinated groups (see summary Table 8). One study with a relatively large sample
size and narrow confidence intervals demonstrated more conclusively that BCG vaccination status was
associated with an increased odds of test positivity for TST (OR = 1.16, 95% CI: 1.0, 1.33) but not for

IGRA (OR =0.99, 95% CI: 0.86, 1.12).'®
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Table 8. Association between test positivity and BCG vaccination (exposure studies) subgroup of interest — children and adolescents

Study ID Sample size Type of IGRA Association between test positivity and BCG vaccination status (OR, 95%
(Author name, year, and (N) TST induration threshold Cl)
country) Crude/unadjusted Adjusted
[burden]
Adetifa, 2010 199 QFT-GIT 1.10 (95% CI: 0.60, 2.00) NR
Gambia [Low] 199 T-SPOT 1.10 (95% CI: 0.61, 2.09) NR
199 TST-10mm 0.89 (95% CI: 0.50, 1.70) NR
Cruz, 2011 NR T-SPOT 0.69 (95% CI: 0.37, 1.31) NR
US [Low] NR TST-15mm 4.32 (95% CI: 1.02, 18.35) NR
Kasambira, 2011™® 262 QFT-GIT 0.62 (95% CI: 0.08, 4.76) 0.83 (95% CI: 0.08, 8.33) adjusted
South Africa [High] 247 5mm 0.38 (95% CI: 0.05, 2.85) 0.52 (95% ClI: 0.06, 4.00) adjusted
Laniado-Laborin, 2014 | 172 QFT-GIT NR NR
Mexico [Intermediate]
172 TST-5mm NR NR
Mahomed, 2011b™® 3554 QFT-GIT 0.99 (95% CI: 0.86, 1.12) NR
South Africa [High] 3554 TST-5mm 1.16 (95% CI 1.00, 1.33) NR
Pavic, 2011™" NR QFT-GIT NR NR
Croatia [Low] NR TST-10mm NR NR
Perez-Porcuna, 2014™ 116 QFT-GIT 3.89 (95% CI: 0.46, 32.33) NR
Brazil [Intermediate]
135 TST-10mm 1.85 (95% CI: 0.36, 9.36) NR
Rutherford, 2012a-b"% *® | 260 QFT-GIT 0.51 (95% CI: 0.26, 1.00) 0.60 (95% CI: 0.26, 1.38) adjusted
Indonesia [High] 272 TST-10mm 0.68 (95% ClI: 0.35, 1.35) NR
Talbot, 2012™° NR T-SPOT NR NR
US [Low] NR TST-15mm NR NR
Tieu, 2014 136 QFT-GIT NR NR
Thailand [High] 136 TST-10mm NR NR
136 T-SPOT NR NR
136 TST-15mm NR NR
Tsolia, 2010™ Greece NR QFT-GIT 0.19 (95% CI: 0.06, 0.60) NR
[Low] NR TST-5mm 20.34 (95% Cl: 5.60, 73.89) NR

Abbreviations: 95% CI = 95 percent confidence interval; GIT = Gold In-Tube; N = number; NR = not reported; QFT = QuantiFERON-TB; TB = tuberculosis;

TST = tuberculin skin test
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4.3.3.3 Between-test concordance, discordance, and agreement

This section included five studies reviewed in CG117**%"1%2 (see Appendix 6) and 16 more recent

- .~100-111, 146, 148-150, 152
studies

(see Appendix 9). The agreement kappa statistic was not available for four
studies.*? 102104148 Thare was a wide variation in kappa statistic across 21 studies, ranging from 0.13'**
to 0.91™* (see summary Table 9). In post-2009 studies,™™ 1% 1511 the ranges of kappa statistic according
to specific TST threshold and IGRA type were as follows: QFT-GIT vs. TST 5mm (range: 0.27-0.91),
QFT-GIT vs. TST 10mm (range: 0.13-0.64), and TSPOT vs. TST 10mm (range: 0.53-0.71). According to
one study, both between-test percent concordance and kappa statistic were lower amongst participants
with BCG vaccination history (concordance: 46.5%, kappa: 0.16) compared to those without such history

(concordance: 96.20%, kappa: 0.91).*
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Subgroup of interest — children and adolescents

Study ID Sample size Type of IGRA Concordance (%) 95% | Discordance (%) 95% | Agreement kappa 95%
(Author name, year, and (N) total or by vs. TST Cl Cl Cl
country) [burden] subgroup induration
threshold
Adetifa, 2010 217 QFT-GIT vs. 80.00 (74.15, 84.80) 20.00 (15.2, 25.85) 0.52 (0.39, 0.65)
Gambia [Low] 10mm
215 T-SPOT vs. 10mm | 80.47 (74.65, 85.21) 19.53 (14.79, 25.35) 0.53 (0.40, 0.66)
Cruz, 2011™* NR T-SPOT vs. 15mm | NR NR NR
US [Low]
Kasambira, 2011™% 254 QFT-GIT vs. 5mm | 86.86 (81.96, 90.59) 13.14 (9.41, 18.04) 0.68 (0.56, 0.81)
South Africa [High] 254 QFT-GIT vs. 85.59 (80.54, 89.5) 14.41 (10.5, 19.46) 0.64 (0.51, 0.76)
10mm
Laniado-Laborin, 2014™ 172 QFT-GIT vs. 5mm | 59.88 (52.42, 66.92) 40.12 (33.08, 47.58) 0.27 (0.17, 0.38)
Mexico [Intermediate]
Mahomed, 2011b™ NR QFT-GIT vs. 5mm | 84.8 (NR) NR 0.70 (0.68, 0.71)
South Africa [High] NR QFT-GIT vs. 81.4 (NR) NR 0.63 (0.61, 0.65)
10mm
NR QFT-GIT vs. 64.3 (NR) NR 0.30 (0.27, 0.32)
15mm
Metin Timur, 2014 81 QFT-GIT vs. NR NR NR
Turkey [Intermediate] 15mm
Pavic, 2011 141 QFT-GIT vs. 89.36 (83.19, 93.45) 10.64 (6.554, 16.81) 0.59 (0.42, 0.75)
Croatia [Low] 10mm
Perez-Porcuna, 2014™ 116 QFT-GIT vs. 71.55 (62.75, 78.97) 28.44 (21.03, 37.25) 0.35 (0.16, 0.53)
Brazil [Intermediate] 10mm
Rutherford, 2012a-b™® *® 292 QFT-GIT vs. 80.48 (75.55, 84.62) 19.52 (15.38, 24.45) 0.61 (0.49, 0.72)
Indonesia [High] 10mm
Song, 2014™° 2982 QFT-GIT vs. 82.6 (81.2, 83.92) 17.4 (16.08, 18.80) 0.38 (0.34, 0.42)
South Korea [High] 10mm
2982 QFT-GIT vs. 92.52 (91.51, 93.41) 7.48 (6.59, 8.48) 0.55 (0.50, 0.61)
15mm
Talbot, 20127 143 T-SPOT vs. 15mm | 97.9 (94.01, 99.28) 2.01(0.72, 5.99) 0.71 (0.55, 0.88)
US [Low]
Tieu, 2014™ 131 QFT-GIT vs. 59.54 (50.98, 67.56) 40.46 (32.44, 49.02) 0.29 (0.18, 0.40)
Thailand [High] 10mm
131 QFT-GIT vs. 79.39 (71.67, 85.43) 20.61 (14.57, 28.33) 0.53 (0.38, 0.69)
15mm
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Subgroup of interest — children and adolescents

Study ID Sample size Type of IGRA Concordance (%) 95% | Discordance (%) 95% | Agreement kappa 95%
(Author name, year, and (N) total or by vs. TST Cl Cl Cl
country) [burden] subgroup induration
threshold
131 T-SPOT vs. 10mm | 55.73 (47.18, 63.95) 44.27 (36.05, 52.82) 0.23(0.12, 0.34)
131 T-SPOT vs. 15mm | 78.63 (70.84, 84.78) 21.37 (15.22, 29.16) 0.51 (0.35, 0.66)
Tsolia, 2010™ Greece [Low] | 99 QFT-GIT vs. 5mm | 71.58 (61.81, 79.67) 28.42 (20.33, 38.19) 0.45 (0.27, 0.63)
43 with BCG QFT-GIT vs. 46.50 (NR) NR 0.13 (p = 0.06)
history 10mm
52 no BCG history | QFT-GIT vs. 5mm | 96.20 (NR) NR 0.91 (p = 0.06)
Diel, 2011™ NR QFT-GITvs.5/10 | NR NR NR
Germany [Low] mm
Mahomed, 2011a'® 5244 QFT-GIT vs. 5 mm | 84.80 (83.80, 85.75) 15.20 (14.25, 16.20) 0.69 (0.66, 0.72)
South Africa [High]
Noorbakhsh, 2011"% NR QFT-Gvs.10mm | NR NR NR

Iran [Intermediate]

Abbreviations: 95% CI = 95 percent confidence interval; GIT = Gold In-Tube; N = number; NR = not reported; QFT = QuantiFERON-TB; TB = tuberculosis;

TST = tuberculin skin test
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4.3.4 Summary of children
Although there is a limited amount of evidence, the three prospective studies suggested no significant
difference between QFT-GIT and TST-5mm (pooled R-CIR = 1.12, 95% CI: 0.72, 1.75). QFT-GIT
performed significantly better than TST-10mm in identifying LTBI or predicting risk of active TB
(pooled R-CIR = 4.33, 95% ClI: 1.32, 14.23). In five newly identified prospective studies investigating the
incidence of active TB, there was a wide variability in sensitivity and specificity of IGRA (QFT-GIT/G)
and TST (5mm or 10mm). Due to high unexplained heterogeneity (not explained by IGRA type and TST
threshold, similar diagnostic methods of active TB), no meta-analysis could be performed. IGRA (QFT-
GIT/G) demonstrated similar sensitivity (range: 48%-100%) and slightly better specificity (range: 49%-
90%) compared to TST 5mm (sensitivity range: 57%-100%; specificity range: 45%-65%). Although,
sensitivities of IGRA and TST 5mm were higher than that for TST 10mm/15mm (range: 30%-56%), the

corresponding specificities of these tests were lower compared to TST 10mm/15mm (63%-93%).

The updated meta-analysis of 14 studies showed a significantly stronger association for IGRAs compared
to TST in relation to a risk of LTBI/exposure level (pooled R-DOR = 1.98, 95% Cl: 1.19, 3.28; I = 89%)).
The subgroup analysis by country of burden explained some (but not all) of the observed heterogeneity
and revealed a trend showing no difference between IGRAs and TST in identifying LTBI across studies
conducted in countries of high TB burden (pooled R-DOR = 1.13, 95% CI: 0.78, 1.65; I = 71). In
contrast, IGRA was significantly superior to TST in identifying LTBI in the settings of low TB burden
(pooled R-DOR = 4.74, 95% CI: 2.15, 10.44; 1> = 67%). In five studies both tests revealed strong
associations of increasing order across exposure gradient for most exposures (sleeping proximity, adult
index case type of TB diagnosis, adult index case smear grade, TB contact score, and relationship to index

case).

There was limited evidence whether or not the BCG vaccination status influenced the odds of test
positivity differentially for IGRAs and TST. Out of seven studies reporting relevant data, only three
demonstrated significantly increased ORs for TST positivity in relation to BCG vaccination status (range
of ORs: 1.16-20.34). The odds of test positivity for IGRAs across the 6 studies were not significantly
different between the BCG vaccinated vs. non-vaccinated groups. One large study showed there was a
statistically significant association between BCG vaccination status and an increased odds of test
positivity for TST (OR = 1.16, 95% ClI: 1.0, 1.33) but not for IGRA (OR = 0.99, 95% CI: 0.86, 1.12).

There was a wide variation in kappa statistic across 17 studies (five studies from CG117 and 12 more

recent studies), ranging from 0.13 to 0.91. In post-2009 studies,'®" 1% 1% the ranges of kappa statistic
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according to specific TST threshold and IGRA type were as follows: QFT-GIT vs. TST 5mm (range:
0.27-0.91), QFT-GIT vs. TST 10mm (range: 0.13-0.64), and TSPOT vs. TST 10mm (range: 0.53-0.71).

4.4 Immunocompromised people

4.4.1 Description of baseline characteristics — qualitative synthesis in text and tables
This section included 48 studies, 2140 147 151153165180 searches identified 32 studies™?# 4% 147 15118 j
immunocompromised patients of which eight investigated the incidence of active TB following testing for
LTBI (incidence studies)™#™" *7 1% and 24 investigated levels of exposure in relationship to LTBI test
outcomes (exposure studies).**#4% 5 An additional 16 studies*®**° in immunocompromised patients
were identified in CG117.

4.4.1.1 Incidence studies

Eight studies compared an IGRA test with the TST test in immunocompromised people.***" Reasons for
immunodeficiency (condition and procedure) varied across studies. We identified the following sub-
populations: 1) HIV patients, 2) haematopoietic stem cell transplantation candidates or recipients, 3) post
kidney transplantation patients, 4) haemodialysis in end stage renal disease and 5) patients with immune-
mediated inflammatory disease before anti-tumour necrosis factor (TNF) alpha therapy. The studies
which were included are described below according to these sub-populations. See Table 10 for further

details on these studies.

One study compared the T-SPOT.TB with the TST (>5mm) in a retrospective case study in HIV patients
with a median age of 33 years and 31.1% females.**> The study was carried out in a community setting in
Switzerland with a follow up of two years. The proportion of BCG vaccinated participants was not

reported.

Moon et al. (2013)"** compared QFT-GIT with TST (>5mm) in haematopoietic stem cell transplantation
candidates in a prospective cohort study in a hospital setting in South Korea. The mean age of patients
was 47 years and 44% were female. The median follow-up to assess for active TB was 0.8 years (0.1-2.6).
BCG vaccination was high at 82%. Another study by Lee et al. 2014**" compared QFT-GIT with TST
(=5mm or >10mm) in haematopoietic stem cell transplant recipient patients who were followed-up for a
median of 1.3 years. The patients’ mean age was 42.3 years, 47% were female, and 91% of the sample
had BCG scars.*"’
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Patients with post kidney transplantation were investigated by Kim et al. (2011)"** in a prospective cohort
study comparing IGRA T-SPOT.TB with TST (>10mm). The setting was a tertiary-care hospital in South
Korea. The age range reported was 40-46 years and 46% of participants were female. Patients were
followed up for a median of 14 months. 79% of patients were BCG vaccinated.
Three studies investigated IGRA and TST in haemodialysis patients with end-stage renal disease.™* ¢ %3
Tests compared were QFT-GIT vs. TST (>5mm),"™® T-SPOT.TB vs. TST (>10mm)," and QFT-G, T-
SPOT.TB vs. TST (two step; > 10mm)."*® Anibarro et al. (2012)'* undertook a prospective cohort study

18 carried out a

in a Spanish dialysis unit following a TB outbreak in the dialysis centre. Lee et al. (2009)
prospective, matched cohort study in Taiwan. The setting was unreported. The mean age and proportion
of females of included patients was 62 years and 40% in Anibarro et al. (2012)'* 44 years and 66% in
Sherkat et al. (2014),"® and 54 years and 38% in Lee et al. (2009)."*® The follow—up across the three
studies ranged from 1.5"° to two years.*® The proportion of BCG vaccinated patients was low in
Anibarro et al. (2012)*** (13.5%), medium in Sherkat et al. 2014 (2014)"** (27.3%), and high with 82.8%

in Lee et al. (2009).*¢

Chang et al. (2011)"'" compared QFT-GIT with TST (>10mm) in a prospective cohort study in patients
with immune-mediated inflammatory diseases investigated for LTBI before the treatment with anti-TNF
alpha. The study setting was a hospital in South Korea. Patients were followed-up for a median of 18

months. The median age of patients was 39 years, 41% were female and 59% were BCG vaccinated.
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Table 10. Baseline characteristics of studies in immunocompromised patients (incidence studies)

Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments

(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited

name, year, duration, and active TB inclusion/ threshold(s) of baseline and

and country) | funding source exclusion tests compared excluded

criteria study
participants

HIV

Elzi, 2011™* | Study aim: NR Inclusion Type of tests: Mean (range or SD) | Total Nof | T-SPOT.TB

Switzerland To evaluate the criteria: IGRA (T- age: Median of 33 recruited was

[Low] sensitivity of T- NR SPOT.TB) (IQR: 31-42) years patients: 64 | retrospectively
SPOT.TB in TST (= 5Smm) performed
comparison to TST to Exclusion Female (n [%]): 20/64 | Total N of using frozen
identify HIV-infected criteria: Cut-off [31] excluded viable
individuals with NR values/thresholds: patients: lymphocytes
latent TB Race/ethnicity (n None — of HIV-

IGRA: > 6 spots in | [%]): White 29/64 however, the | infected
Setting: Community- either of both [45.3] total N of individuals
based cohort Panel A and B; patients with | stored within 6
where the positive Geographic origin valid results | months before

Study design: control was < 20 (n[%]): NR for both culture-
Retrospective case spots, or the IGRA and confirmed
only study (no negative control BCG vaccination (n TST was 44 | TB occurred

control group)
Follow up: 2 years

Funding source:
Grants/honoraria
received from private
manufacturers
(Abbott, Bristol-
Myers Squibb,
Gilead,
GlaxoSmithKline,
Merck, Roche. M.
Hoffmann, Janssen,

> 10 spots, the test
was scored as
indeterminate

TST: >5mm

[%]): NR

History of anti-TB
treatment (n [%6]):
Total incidence of
active TB (n [%0]): NR

Chest radiography
(yes/no): NR

Clinical examination
(yes/no): NR

This
retrospective
case only
study does not
allow an
estimate of the
incidence of
active TB
between test
positive vs.
negative
groups from
baseline (no
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants
Pfizer) denominators
Morbidity (n [%6]): provided)
HIV
Co-morbidity (n
[%]): NR
Haematopoietic stem cell transplantation candidates
Moon, Study aim: NR Inclusion Type of tests: Mean (range or SD) Total N of Blood samples
2013"* South | To compare the QFT- criteria: IGRA (QFT-GIT) | age: 47 (35-55) recruited were collected
Korea [High] | GIT with the TST in All adult TST (> 5mm) patients: before
Hematopoietic stem patients Female (n [%0]): 107 NR performing the
cell transplant ( HCT) admitted for Cut-off [44] TST to avoid a
candidates for HCT values/thresholds: Total N of possible
detecting latent TB Race/ethnicity (n excluded boosting effect
infection Exclusion IGRA: According [9%]): NR patients: 52 | of the TST on
criteria: to manufacturer patients died | the QFT-GIT
Setting: Asan NR Geographic origin and 2 were test. The lab
Medical Center TST: >5mm (n[%0]): NR lost to technicians did
follow up not know the
Study design: BCG vaccination (n during results of TST
Prospective cohort [%6]): 201 [82] follow-up

study

Follow up: Median
0.8 years (IQR: 0.1-
2.6)

Funding source:
Basic Science
Research Program
through the National
Research Foundation

History of anti-TB
treatment (n [%0]): 10

[4]

Total incidence of
active TB (n [%0]): 2
[0.80]

Chest radiography
(yes/no): yes
Clinical examination
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID
(Author
name, year,
and country)

Study aim, setting,
design, follow-up
duration, and
funding source

Method(s) of
diagnosis of
active TB

Study
participants’
inclusion/
exclusion
criteria

Type and
positivity
threshold(s) of
tests compared

Characteristics of
study participants at
baseline

N of
recruited
and
excluded
study
participants

Comments

(NRF) funded by the
Ministry of
Education, Science
and Technology
(MEST) (grant 2010-
0005898)

(yes/no): yes

Morbidity (n [%6]):
Acute myelogenous
leukemia 72 [30],
Acute lymphoblastic
leukemia 28 [11],
Chronic myelogenous
leukemia 4 [2],
Aplastic anemia 17 [7],
Myelodysplastic
syndrome 19 [8], Non-
Hodgkin’s lymphoma
58 [24], Hodgkin’s
lymphoma 3 [1],
Multiple myeloma 38
[16], Plasmacytoma 2
[1], Others 3 [1]

Co-morbidity (n
[%6]): Diabetes
mellitus 25 [10],
Hypertension 38 [16],
Chronic kidney disease
21 [9], ESRD with
dialysis 1 [0.4],
Hepatitis 16 [7], HIV
infection 0 [0.0], Non-
hematologic
malignancy 9 [4]
Type of during-study
treatment (n [%]):
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants
Cyclosporine 71 [29],
Cyclosporine-MTX 65
[27], Cyclosporine-
corticosteroid 8 [3],
Corticosteroid therapy
111 [46]
Haematopoietic stem cell transplantation recipients
Lee, 2014 ™ | Study aim: Chest x-ray, a Inclusion Type of tests: Mean (range or SD) | Total N of
South Korea To test the hypothesis | sputum AFB criteria: adult | QFT-GIT and TST | age: 42.3 (13.8) years recruited
[High] that hematopoietic smear and CT patients patients:
stem cell transplant scan (pulmonary admitted for Cut-off Female (n [%]): 183 409
(HCT) recipients who | TB) allogeneic values/thresholds: | [46.8]
are QFT-TB positive HCT QFT-GIT: NR Total N of
develop active TB TST (=5mm or Race/ethnicity (n excluded
more frequently than Exclusion >10mm) [%6]): Asians (409 patients: 18
QFT-TB negative or criteria: [100])
indeterminate patients with
patients; to evaluate history of Geographic origin
whether the QFT-TB close contact (n[%]): NR
assay can predict with active

active TB
development in HCT
recipients without
any clinical risk
factors for LTBI
Setting: tertiary
hospital-based

Study design:
Prospective cohort
study

TB, history of
untreated or
inadequate
treated TB,
and the
radiograph
evidence of
old TB.
Patients who
refused
informed
consent,

BCG vaccination (n
[%6]): 353 [90.7%])

History of anti-TB
treatment (n [%0]):
none

Total incidence of
active TB (n [%0]):
8/391 [2.04%]
Chest radiography
(yes/no): yes
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study

participants

Follow up: median presence of Clinical examination
of 1.3 (IQR: 0.6-2.3) active TB, (yes/no): NR
years presence of
skin disease Morbidity (n [%6]):
Funding source: that precluded HCT recipients
supported by grant the TST
from the National (between Co-morbidity (n
Research Foundation January 2010 [%6]): Acute or chronic
of Korea funded by and December graft-versus-host
the Ministry of 2011), and disease (151 [38.6]);
Science, ICT and pediatric HCT diabetes mellitus (32
Future Planning candidates [8.2]); liver cirrhosis
(<16 years (4[1.0]); solid organ
old) transplant (2[0.5]);
HIV (0)
Post kidney transplantation
Kim, 2011™* | Study aim: Symptoms/signs, | Inclusion Type of tests: Mean (range or SD) | Total Nof | The
South Korea To assess whether an | sputum AFB criteria: IGRA (T- age: 40.4-46.0 years recruited development
[High] ELISPOT assay is smear, and a CT KT patients SPOT.TB) patients: of TB after KT
capable of predicting | scan (age>16 years) | TST (>10mm) Female (n [%]): 126 324 was observed
active TB with TST — [46.3] by attending
development in (<10mm) and | Cut-off Total N of surgeons,
kidney transplant without TB values/thresholds: | Race/ethnicity (n excluded nephrologists
(KT) recipients with risk factors [9%]): NR patients: 52 | and infectious
negative TST results (history of IGRA: NR - the total N | diseases
and without LTBI close contact Geographic origin of patients specialists
risk factors with TB case, | TST:>10mm (n[%]): NR with valid blind to the
abnormal induration 48-72 h results for results of
Setting: Tertiary-care CXR, history | after injection, and | BCG vaccination (n both IGRA ELISPOT
hospital of untreated or | in accordance with | [%0]): 215 [79.0] and TST was | assays, to
inadequately Korea Centers for 242 avoid a
Study design: treated TB, Diseases Control History of anti-TB verification
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants
Prospective cohort newly infected | and Prevention treatment (n [%6]): bias
study persons) guidelines None
Follow up: Median Exclusion Total incidence of
14 month (IQR: 8-19) criteria: active TB (n [%0]):
Refusal of 4/272 [1.47] (incidence
Funding source: informed rate: 0.83 per person-
Basic Science consent, years, 95% ClI: 0.23,
Research Program presence of 2.12)
through National active TB,
Research Foundation presence of Chest radiography
funded by the skin disease (yes/no): yes
Ministry of that precluded
Education, Science TST, pediatric Clinical examination
and Technology grant renal (yes/no): yes
2008-E00136 transplant
candidates Morbidity (n [%6]):
(<16 years Glomerulonephritis 72
old), TB risk [26.5], hypertension 65
factors, and [23.9], diabetes
presence of mellitus 48 [17.6],
any unknown 58 [21.3],
contraindicatio polycystic kidney 12
n for KT (e.g. [4.4], other 11 [4.0]
malignancy)
Co-morbidity (n
[%]): NR
Hemodialysis in end-stage renal disease (ESRD)
Anibarro, Study aim: Microscopic Inclusion Type of tests: Mean (range or SD) Total N of Study does not
2012 To compare IGRA examination of criteria: IGRA (QFT-GIT) | age: 62 (16.8) recruited mention how
Spain [Low] with TST in patients | sputum and All patients TST (>5mm) patients: 58 | soon after the
with ESRD after a sputum culture who attended Female (n [%0]): 21 Total N of result will be

133




Pre-peer review version — 06/03/2015

Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants

TB outbreak at a the dialysis Cut-off [40.4] excluded read for the

dialysis centre unit while values/thresholds: patients: 6 second TST

Setting: index case was | IGRA: 0.35 IlU/mL | Race/ethnicity (n

Outbreak on duty [%6]): NR

investigation TST: > 5mm, a

Exclusion second test was Geographic origin
Study design: criteria: performed five (n[%]): NR

Prospective cohort
study

Follow up:
18 months

Funding source:
University of Vigo
and Sudoefeder
(IMMUNONET-
SOE1/P1/E014)

Patients who
had a previous
+ve TST test

days later if the
first TST-1 was <5
mm

BCG vaccination (n
[%6]): 7 [13.5]

History of anti-TB
treatment (n [%6]):

Total incidence of
active TB (n [%0]):
None

Chest radiography
(yes/no): yes

Clinical examination
(yes/no): yes

Morbidity (n [%6]):
End stage renal disease
58 [100]

Co-morbidity (n
[%6]): Diabetes

mellitus 8 [15.4]
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants
Lee, 2009""° | Study aim: Asymptomatic Inclusion Type of tests: Mean (range or SD) | Total Nof | NA
Taiwan To compare QFT-G, | cases are criteria: IGRA (QFT-G) T- | age: 53.8 (34.4-77.7) recruited
[High] T-SPOT.TB, and diagnosed witha | Patients with SPOT patients: 64
TST in terms of their | chest x-ray, and ESRD TST (two step; > Female (n [%0]): 24
ability to diagnose symptomatic 10mm) [37.5] Total N of
LTBI in end stage cases are Exclusion excluded
renal disease (ESRD) | diagnosed witha | criteria: Cut-off Race/ethnicity (n patients: 0
patients, and to sputum TB smear, | NR values/thresholds: | [%6]): NR
determine the culture and chest
prevalence of LTBI radiography IGRA: Geographic origin
in ESRD patients (QFT-G): (n[%6]): Kaohsiung
compared with according to
healthy controls, the analysis software, BCG vaccination (n
risk factors for QFT- available for [96]): 53 [82.8]
G and TST positivity, download from the
and the predictive Cellestis Ltd History of anti-TB
value of a positive website treatment (n [%0]):
QFT-G, ELISPOT, or
TST for active TB (T-SPOT.TB): NR
disease over a two- Total incidence of
year period TST: > 10mm active TB (n [%]): NR
induration for
Setting: NR ESRD patients and | Chest radiography
BCG-unvaccinated | (yes/no): yes
Study design: individuals,
Prospective, matched, > 15mm induration | Clinical examination
double cohort study for BCG- (yes/no): NR
vaccinated, healthy | Morbidity (n [%0]):
Follow up: Two-year individuals End stage renal
follow-up dialysis
Co-morbidity (n
Funding source: [%]): NR
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants
National health
research institutes,
Department of
Health, Executive
Yuan, republic of
China (NHRI-CN-
CL-094-PP13) and
Kaohsiung Veterans
General Hospital,
Kaohsuing, Taiwan
(VGHKS95-012)
Sherkat, Study aim: To NR Inclusion Type of tests: Mean (range or SD) Total N of
20142 Iran compare IGRA (T- criteria: IGRA (T- age: 44 (15.5) years recruited
[Intermediate] | SPOT.TB) and TST Candidates for | SPOT.TB) patients:
test in detection of receiving a TST (>10mm) Female (n [%0]): 15 NR
LTBI in kidney kidney [66]
transplant candidates transplant Total N of
and evaluate the Exclusion Cut-off Race/ethnicity (n excluded
agreement between criteria: values/thresholds: | [%]): NR patients:
the two tests Active TB, T-SPOT.TB: NR NR
history of prior | TST (>10mm) Geographic origin

Setting: hospital-
based

Study design:
Prospective cohort
study

Follow up: 21
months (follow-up
included 9 months
prophylactic

TBor
isoniazid
prophylactic
treatment,
refusal to
continue
prophylactic
treatment,
symptoms of
isoniazid-
induced

(N[%]): NR

BCG vaccination (n
[90]): 12 [27.3]

History of anti-TB
treatment (n [%]):
none

Total incidence of

active TB (n [%0]):
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study
participants
treatment and 12 hepatitis or 1/44 12.27]
months post drug reaction
transplantation) Chest radiography
(yes/no): NR
Funding source:
none Clinical examination
(yes/no): yes
Morbidity (n [%]):
end stage renal disease
Co-morbidity (n
[%6]): dialysis (30
[68.2]), hypertension
(10 [22.7]), diabetes
(10 [22.7]), obstructive
uropathy (6 [13.6]),
polycystic kidney (6
[13.6]), other renal
etiologies (17 [38.6]),
others (3 [6.8])
Immune-mediated inflammatory diseases (IMID) before anti-TNF alpha therapy
Chang, Study aim: To Medical history Inclusion Type of tests: Mean (range or SD) Total N of Both the TST
20117 South | evaluate usefulness of | (current criteria: IGRA (QFT-GIT) | age: 39 (median) recruited and QFT-IT
Korea [High] | IGRA for the symptoms, prior Inflammatory | TST (>10mm) patients: were
diagnosis of LTBI in | history of arthritis Female (n [%0]): 44 108 performed on
arthritis patients who | treatment for including Cut-off [41] the same day
received TNF tuberculosis, and | rheumatoid values/thresholds: Total N of as the
antagonists in South recent history of arthritis and Race/ethnicity (n excluded screening
Korea contact with a ankylosing IGRA: >0.35 [%0]): Asian patients: 1 examination in
case of active TB) | spondylitis 1U/mL all patients
Setting: Hospital- and TST who visited Geographic origin before
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Subgroup of interest — immunocompromised people (specified by main condition/procedure

Study ID Study aim, setting, Method(s) of Study Type and Characteristics of N of Comments
(Author design, follow-up diagnosis of participants’ | positivity study participants at | recruited
name, year, duration, and active TB inclusion/ threshold(s) of baseline and
and country) | funding source exclusion tests compared excluded
criteria study

participants

based (according to the | our facilityto | TST: 10mm (n[%]): NR initiating TNF
recommendation evaluate LTBI | induration after 48— antagonists
Study design: of the Korea Food | before starting | 72 h BCG vaccination (n
Prospective cohort and Drug TNF [%6]): 63 [59]
study Administration) antagonist
Follow up: 18 Exclusion History of anti-TB
months (median) criteria: treatment (n [%0]): 4
Active TB [3.8]
Funding source: IN-
SUNG Foundation Total incidence of
for Medical Research active TB (n [%0]): 1
(CA98051) [0.9%)] patient had
active TB at

recruitment and was
excluded from the
study

Chest radiography
(yes/no): NR

Clinical examination
(yes/no): yes

Morbidity (n [%0]):
Rheumatoid arthritis 46
[43] and ankylosing
spondylitis 61 [57]

Co-morbidity (n
[96]): NR

Abbreviations: TB = tuberculosis; NR = not reported; N = number; IGRA = interferon-gamma release assay; QFT-GIT = QuantiFERON-TB Gold In-Tube;
TST = tuberculosis skin test; BCG = Bacille de Calmette et Guérin; LTBI = latent tuberculosis infection; SD = standard deviation; ESRD = early stage renal
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disease; +ve = positive; HIV = human immunodeficiency virus; HCT = hematopoietic stem cell transplant; MTX = methotrexate; KT = kidney transplant; AFB =
acid-fast bacillus; CT = computerised tomography; CXR = chest x ray; IQR = interquartile range; QFT-G = QuantiFERON-TB Gold; TNF = tumor necrosis
factor
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4.4.1.2 Exposure studies

Twenty-four newly identified studies compared an IGRA test with the TST test in immunocompromised
people relating test outcome to prior level of exposure.®4% 151 All studies within this group were
therefore classed as having either a retrospective cohort or cross-sectional design. Reasons for
immunodeficiency (condition and procedure) varied across studies. We identified the following sub-
populations: 1) HIV patients, 2) solid organ transplantation candidates, 3) post kidney transplantation
patients, 4) patients on haemodialysis for end stage renal disease, 5) patients with immune-mediated
inflammatory diseases before anti-TNF alpha therapy, 6) patients with hepatitis C and 7) lupus
erythematosus patients. The included studies are described below according to these sub-populations. See
Table 11 for further details on these studies.

Three studies assessed the test performance of different IGRA tests compared to TST tests in patients
with HIV.*2 134151 Chkhartishvili et al. (2013)**° compared QFT-GIT and T-SPOT.TB with TST (>5mm)
in HIV patients recruited from a national referral centre for HIV in Georgia where the non-exposed had
no household member treated for TB and the exposed group did have a household member treated for
active TB. Mutsvangwa et al. (2010)*** compared T-SPOT.TB with TST at the >10mm cut-off value in
HIV positive household contacts of TB cases identified in a factory in Zimbabwe. The non-exposed
control consisted of contacts of factory workers without TB. Souza et al. (2014)**! compared QFT-GIT
with TST (>5mm) in adults living with HIV and/or acquired immunodeficiency syndrome (AIDS) in
outpatient sexually transmitted disease public clinics in a low TB incidence urban area (11.1/100.000
inhabitants). The rate of BCG vaccination across the three studies ranged from 76%** to 94%.* The
proportion of females ranged from 28%"" to 89%."** The median age reported for only two studies

ranged from 38" to 40 years.™

Four studies compared either QFT-GIT"# 12212 or T_-SPOT.TB'® with TST at the cut-off level of

122 118, 129 h128

>5mm, ~ >10mm or both™® in solid organ transplantation candidates. All four studies were hospital

128, 129

based. Two studies were undertaken in South Korea, one in Iran'® and one in Spain.’* The mean

118 d 128

age ranged from 39.9 years™® to 47 years,® 56.4 years'? or not reported.'® The proportion of females
was close to 50% in two studies™® **° and less than 25% in one study.*? One study did not report
gender.'® BCG vaccination was high in studies from Korea (78%*® and 91%"%°) as well as in the study
from Iran (91%)"* but low in the Spanish study (31.6%).'%* Exposure to TB was universally defined as a
history of (close) contact with active TB. Two studies also included newly acquired TB'? or a history of
active TB as a risk factor for LTBI."*® '* The non-exposed group consisted of participants without

contact or low risk of LTBI.
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Hadaya et al. (2013)*% and Kim et al. (2013)**° compared one or more IGRA tests with TST in patients
post kidney transplantation. Hadaya et al. (2013)*% compared QFT-GIT, T-SPOT.TB and TST (>5 mm)
in a Swiss hospital and Kim et al. (2013)**° compared QFT-GIT with TST (>10mm) in South Korean
kidney transplant recipients. Exposure was defined as close contact with TB patient or prior TB according

to 1) chest x-ray'? or 2) history of treated TB or abnormal chest x-ray.**

Four studies investigated the agreement between IGRA and TST tests in patients on haemodialysis for
end-stage renal disease.™® 2% 1?4 3" Three studies compared QFT-GIT with TST (>10mm) *** **- % and
one compared QFT-G with TST (>10mm)."™*" Chung et al. (2010)'* additionally investigated the T-
SPOT.TB. Three studies reported the setting to be hospital based"'* **  while one study did not report
the study setting."®” BCG vaccination of the study participants was low in the study from Saudi Arabia
(14%)™*° and medium in the two studies from Turkey (49%"'% and 72%"*") and the study from South
Korea (67%)."** The mean age of study participants was similar across all four studies (58, 52,'%° 542

137

and 56 years'®’) and the gender distribution within the studies was balanced (52% females,**® 50%

137

females,'® 43% females'** and 53% females™’). Exposure to TB was not well defined. Three studies

119, 120, 124 137

described exposure as (close) contact with a TB case while one study ' specified the contact as
household contact or working in the same room with the TB case. History of active TB was included as a
risk factor in the exposure group in two studies."®* **” The comparison group included people who were at

low risk of LTBI.

Patients with immune-mediated inflammatory diseases before anti-TNF alpha treatment were recruited in
nine studies comparing IGRA with TST tests,*? 125127, 131-133, 135,136, 140 The combination of tests
investigated varied greatly among studies. Three studies compared QFT-GIT with TST (>5mm),"** 1#"- 1%
while one study**® additionally included the T-SPOT.TB. One study did not provide the threshold for a
positive TST test that was compared to QFT-GIT,*** one study compared QFT-GIT with the TST test at
two different thresholds (>5mm and >10mm) for different sub-groups of patients,*®® 13
compared QFT-G with the T-SPOT.TB and TST (>5mm), and two studies compared the T-SPOT.TB

with the TST at either only the >5mm threshold"® or two different thresholds (>5mm and >10mm).*** All

one study

121, 125, 131-133, 135, 136, 140
or the

studies were undertaken in low TB incidence countries either in Europe
USA.*?" And all studies were hospital based. BCG vaccination was low in studies undertaken in Spain
(26%"?* and 19%"%°), the USA (34%),"?” Germany (13%)"*" and the UK (22%)."* It was higher in studies
from France (78%)'® and Greece (76%)™* and considerable higher in studies from Switzerland (90%)"*2
and Austria (100%)."** Gender was generally well balanced in the studies with two possible exceptions:

Laffitte et al. (2009)** recruited a population with only 30% females and Hsia et al. (2012)'* had a
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133 investigated children with a median age of 8.9 years while the

135

proportion of females of 66%. One study
participants’ mean age in the remaining studies ranged from 37 years'® to 52 years.**® Exposure to TB
was not well defined in any of the studies. High risk of LTBI was described as a history of contact with a
TB case in the majority of studies. " 125 131133, 135.136. 140 Aqqitional risk factors reported were origin or
residence in a high incidence country™?" 132 13513140 anq 3 history of active TB.*?" %> 13! The non-exposed

group was generally described as having no history of TB contact.

Shen et al. (2012)"*® compared a T-SPOT.TB test with the TST (>5mm) in Hepatitis C patients in a
university hospital in China. The mean age and proportion of females were 40 years and 47%. BCG
vaccination was not reported in this study and exposure was loosely defined as a history of exposure

Versus no exposure to TB.

Takeda et al. (2011)** evaluated the agreement between the QFT-2G with the TST (>10mm) in a hospital
in Japan in patients with Lupus erythematosus. The mean age and proportion of females were 38 years
and 82%. BCG vaccination of participants was not reported in this study and exposure to TB was defined
as a household TB contact. This was combined with other LTBI risk factors and compared to a group

without LTBI risk factors.
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Table 11. Baseline characteristics of studies in immunocompromised patients (exposure studies)

Subgroup of interest — immunocompromised people (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
HIV
Chkhartishvil | Study aim: To Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N): Blood was
i, 20132 assess the household criteria: Age >18 | IGRA (QFT- age: Median 38.0 NR drawn for the
Georgia performance of two | member treated years old, GIT) (range 32.8-43.8) IGRAS prior
[High] commercially for TB confirmed HIV IGRA (T- Excluded (N): to the
available IGRAs infection, and SPOT.TB) Female (n [%0]): 81 NR placement of
(QFT-GIT and T- Exposed 1: ability to provide | TST (>5 mm) [33.75] the TST
SPOT.TB) Household written informed
compared to the member treated consent Cut-off Race/ethnicity (n
TST for the for TB values/threshold | [90]): NR
diagnosis of LTBI Exclusion s Definition of
in HIV-infected Exposed 2: NA criteria: Patients | test+: Geographic origin
patients, and to with a history of (n[%]): NR
identify active TB disease | IGRA (QFT-
risk factors for GIT): BCG vaccination (n
LTBI in effort to Exclusion Interferon- [%6]): 219 [94%]
improve the TB criteria: NR gamma response
prevention and care to TB antigens History of anti-TB
among HIV patients minus the treatment (n [%0]):
negative control | N
Setting: National was > 0.35 TU/ml
referral institution and also > 25% Total incidence of
for HIV diagnosis, of the negative active TB (n [%]):
treatment and care control, NA
indeterminate if
Study design: either the Chest radiography
Retrospective/cross- negative control | (yes/no): NR
sectional study had a result of >
8 IU/ml or the Clinical
Funding source: positive control examination
The U.S. Civilian had a result of < | (yes/no): NR
Research and 0.5 IU/ml.
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria

Development IGRA (T- Morbidity (n [%6]):

Foundation award,; SPOT.TB): > 6 HIV

the National spot forming

Institutes of Health cells, or twice Co-morbidity (n

Fogarty the nil control, [%0]): NR

International Center indeterminate if

through the Emory nil control spot Type of during-

AIDS International count was > 10 study treatment (n

Training and spot forming [%6]): NR

Research Program cells or if the

award and the reading in the

Emory-Georgia positive control

Tuberculosis was < 20 spot

Research Training forming cells

Program award

TST: > 5 mm of
induration

Mutsvangwa, | Study aim: To test | Non exposed: Inclusion Type of tests: Mean (range or SD) | Recruited (N): Persons
2010 for LTBl using T- | Contact of index | criteria: All IGRA (T- age: NR NR performing
Zimbabwe SPOT.TB and TST, | control (no TB) consenting SPOT.TB) and reading
[High] correlated test individuals over TST (=10mm) Female (n [%0]): 65 Excluded (N): the assays

results with TB Exposed 1: the age of 10 [89.0] NR were blind to

exposure in Contact of index | years living with Cut-off all personal

household contacts | TB case the TB cases values/threshold | Race/ethnicity (n identifiers

of TB cases and to (index case s Definition of [90]): NR

assess the impact of | Exposed 2: NA household test+: ?::ul-[sST

HIV co-infection on
test results in these
contacts

Setting: NR

Study design:
Retrospective

contacts) and
those (household
contacts of
controls) living
with controls (no
TB); TB cases
were sampled
from factories in

IGRA: NR

TST: >10 mm, if
<10 mm second
TST after 7-14
days

Geographic origin
(n[%0]): Sub-Saharan
Africa

BCG vaccination (n
[90]): 63 [86.0]

History of anti-TB
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
cohort/cross- Harare and treatment (n [%6]):
sectional study controls samples
randomly from
Funding source: the same Total incidence of
The Wellcome factories. active TB (n [%0]):
Trust NR
Exclusion
criteria: NR Chest radiography
(yes/no): NR
Clinical
examination
(yes/no): NR
Morbidity (n [%6]):
HIV infected
Co-morbidity (n
[96]): NR
Type of during-
study treatment (n
[9%6]): NR
Souza, Study aim: To Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N):
2014™* evaluate the added | history of contact | criteria: People | IGRA (QFT- age: median 40 (IQR: | NR
Brazil value of QFT-GIT with index case with HIV/AIDS GIT) 32-46) years
[intermediate | over the TST for over 17 years TST (>5mm) Excluded (N):
] detecting LTBI Exposed: History | who were not Female (n [%0]): 85 | NR
among persons of contact with submitted to TST | Cut-off [28.3]

living with
HIV/AIDS; also to
explore the factors
associated with a
positive QFT-GIT

index case

in the previous
five weeks

Exclusion
criteria: Patients

values/threshold
s Definition of
test+:

QFT-GIT: >0.35

Race/ethnicity (n
[96]): NR

Geographic origin
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
and with discordant with history of Ul/mL (n[%]): NR
QFT-GIT/TST other
results immunosuppressi | TST (>5mm) BCG vaccination (n
on conditions [90]): 228 [76.0]
Setting: outpatient (severe AIDS-
clinics related History of anti-TB
opportunistic treatment (n [%0]):
Study design: infections, acute
Retrospective viral infections,
cohort/cross- those submitted to Total incidence of
sectional study any vaccination in active TB (n [%]):
the previous two NA
Funding source: months, and those
Fundacao de Apoio using Chest radiography
a Pesquisa do immunosuppressi (yes/no): NR
Distrito Federal, ve drugs),
patients with Clinical
present or past examination
active TB and (yes/no): NR
those with a
history of a Morbidity (n [%6]):
previous positive HIV/AIDS (300
TST [100])
Co-morbidity (n
[90]): NR
Type of during-
study treatment (n
[96]): NR
Solid organ transplantation candidates
Ahmadinejad | Study aim: To Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N): For
, 201318 compare the QFT history of criteria: SOT IGRA (QFT- age: 39.9 (12.7) 187 prevention of
Iran and TST in exposure to active | candidates who GIT) potential
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
[Intermediate | diagnosis of LTBI B were referred to TST (>10mm) Female (n [%6]):76 Excluded (N): 23 | boosting
] in solid organ the transplant [46.3] (dropouts) effect of TST
transplant (SOT) Exposed 1: clinic Cut-off on QFT,
candidates (kidney, | Exposure history values/threshold | Race/ethnicity (n blood
liver, lung) to active TB E)gclu.sion. s Definition of [96]): NR sampling and
criteria: (i) test+: purified
Setting: Tertiary Exposed 2: NA Failure to return Geographic origin protein
care teaching to the clinic for IGRA: NR (n[%]): NR derivative
hospital reading the results o
of TST within5 | TST: Induration | BCG vaccination (n Injection
Study design: days of the initial | >10 mm [%6]):151 [92.1] were done
Cross intradermal simultaneous
sectional/retrospecti injection, or (ii) History of anti-TB ly for all
ve cohort study unwillingness to treatment (n [%6]): patients

Funding source:
Tehran University
of Medical Sciences
and Health Services
grant

continue the study
at any stage

1/164 [0.6]

Total incidence of
active TB (n
[96]):1/164 [0.6]

Chest radiography
(yes/no): Yes

Clinical
examination
(yes/no): Yes

Morbidity (n [%6]):
End-stage renal
disease 64 [39.0],
chronic hepatic
failure 97 [59.2],
Pulmonary failure 3
[1.8]
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
Co-morbidity (n
[96]): NA
Type of during-
study treatment (n
[%0]): Patients with
positive TST
received
chemoprophylaxis
with 300 mg
isoniazid for 9
months;
immunosuppressive
medication 24 [14.6]
Casas, Study aim: To Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N): NA
2011p'# compare the risk factors for criteria: All IGRA (QFT- age: 56.4 (7.6) 110
Spain [Low] | performance of the | TB patients with GIT)
TST and the QFT- ESLD who were | TST (2 step; Female (n [%0]): 23 Excluded (N): 15
IT test in detecting Exposed 1: Risk | being considered | >5mm) [24.2] (previous TB
latent TB infection | factors for TB for LT were infection, HIV,
in patients with end- | (previous contact | invited to Cut-off Race/ethnicity (n dropouts, anti-

stage liver disease
(ESLD) requiring
liver transplant (LT)

Setting: Hospital-
based

Study design:
Retrospective/cross-
sectional study

Funding source:
Grants from the

with TB,
abnormal chest
X-rays, birth

or prolonged
residence in a
country with a
high TB burden,
alcoholism, drug
abuse, a previous
stay in prison,
and involvement
with health care)

participate in the
study

Exclusion
criteria: Patients
younger than 18
years, patients
with a previous
history of TB,
patients who had
recently been
tested with the
TST, and patients

values/threshold
s Definition of
test+:

IGRA:
Interferon-c level
>0.35 IU/mL
(the M.
tuberculosis—
specific antigen
tube minus the
nil tube) and
indeterminate

[%%]): Spanish (89
[93.7])

Geographic origin
(n[%]): Born or
residing in a country
with a high TB
burden 6 [6.3]

BCG vaccination (n
[96]): 30 [31.6]

History of anti-TB

TNF-alpha agents,
incomplete IGRA
results)
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
Spanish Ministry Exposed 2: NA with known [interferon-c treatment (n [%6]):
for Health and immunosuppressi | level < 0.5 (the None
Consumer Affairs ve conditions mitogen tube
and the Carlos 111 minus the nil Total incidence of
Health Institute tube) or > 8.0 active TB (n [%0]):
through the Fund 1U/mL (the nil NA
for Health tube)] Plasma
Investigations samples with Chest radiography
(P1070810, 2007- indeterminate (yes/no): Yes
2010) and from the results were Clinical
Carlos 111 Health retested examination
Institute and (yes/no): NR
Spanish Federation TST: Induration
for Rare Diseases >5mmat48to | Morbidity (n [%6]):
through the Spanish 72 hours in Cirrhosis 52 [54.7],
Network for accordance with | hepatocellular
Research in the national carcinoma 35 [36.8],
Infectious Diseases; transplant and other
research grant from guidelines hepatopathies 8 [8.4]
the University of
Barcelona Co-morbidity (n
[%6]): Diabetes
mellitus 28 [29.5],
chronic pulmonary
obstructive disease 3
[3.2], renal failure 12
[12.6]
Type of during-
study treatment (n
[96]): NR
Kim, 2010 | Study aim: To Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N): All blood
South Korea | compare the results | LTBI group criteria: Kidney | IGRA (T- age: NR 213 samples were
[High] of the ELISPOT transplant adult SPOT.TB) collected
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
assay T-SPOT.TB Exposed 1: (i) candidates before | TST (>5mm) Female (n [%0]):NR | Excluded (N): 4 before TST
with those of the Close contact transplantation TST (>10mm) (n =1refusal, n= | to avoid the
TST in renal with a person Race/ethnicity (n 1 active TB,n=2 | possible
transplant with TB within Cut-off [%0]): NR cancer) boosting
candidates before the last year, (ii) Exclusion values/threshold effect of TST
transplantation ina | abnormal chest criteria: If s Definition of Geographic origin on the
country with an radiography, (iii) | abnormal chest test+: (n[%0]): NR ELISPOT
intermediate TB a history of radiograph assay
burden untreated or findings were IGRA: As BCG vaccination (n
inadequately observed, a recommended by | [%0]): 163 [78.0]
Setting: Clinic treated TB, or (iv) | sputum acid-fast manufacturer History of anti-TB
based newly acquired bacilli smear and treatment (n [%0]):
infection (recent | a computed TST: >10 mm
Study design: conversion of the | tomography scan | induration 48-
Retrospective/cross- | tuberculin skin were performed 72h after Total incidence of
sectional study test to positive to rule out active | injection

Funding source:
Korea Research
Foundation

status)

Exposed 2: NA

pulmonary TB

active TB (n [%0]):
NR

Chest radiography
(yes/no): Yes

Clinical
examination
(yes/no): Yes

Morbidity (n [%6]):
End-stage renal
disease

Co-morbidity (n
[96]): NR

Type of during-
study treatment (n
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
[%0]): Isoniazid for 9
months immediately
after renal
transplantation 5 [19]
Kim, Study aim: To Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N): NA
2013p™¥ compare the results | LTBI group criteria: Kidney | IGRA (QFT- age: 47 (20-69) NR
South Korea | of the TST and transplant adult GIT)
[High] QFT-GIT as Exposed 1: (1) candidates before | TST (>10mm) Female (n [%0]): 55 Excluded (N):
methods for Patients with a transplantation [43.6] NR
screening for LTBI | history of LTBI Cut-off

and determined the
agreement between
the TST and QFT-
GIT in renal
transplant
candidates before
transplantation in a
country with an
intermediate TB
burden

Setting: Clinic
based

Study design:
Retrospective/cross-
sectional study

Funding source:
Grant of the

Korean Health
Technology R&D
Project, Ministry for
Health, Welfare and

or active TB; (2)
patients with
abnormal chest
radiograph
findings
consistent with
previously healed
TB; and (3)
patients with a
history of close
contact with
active pulmonary
TB patients
within the past
year

Exposed 2: NA

Exclusion
criteria: NR

values/threshold
s Definition of
test+:

IGRA:

IFN-c response
of TB antigen
minus that of the
Nil tube >0.35
IU/mL and >25
% of the negative
control value

TST: induration
>10 mm after
48-72 h

Race/ethnicity (n
[96]): NR

Geographic origin
(n[%]): NR

BCG vaccination (n
[90]): 115 [91.3]

History of anti-TB
treatment (n [%]):
NR

Total incidence of
active TB (n [%0]):
NR

Chest radiography
(yes/no): yes

Clinical
examination
(yes/no): yes
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
Family Affairs, Morbidity (n [%6]):
Republic of Korea End-stage renal
disease 100 [79.4]
hemodialysis, 12
[9.5] PD peritoneal
dialysis, no dialysis
14 [11.1]
Co-morbidity (n
[%]): Hypertension
60 (47.6), Diabetes
31 (24.6)
Type of during-
study treatment (n
[96]): NR
Patients post kidney transplantation
Hadaya, Study aim: Non exposed: No | Inclusion Type of tests: Mean (range or SD) | Recruited (N): Blood
2013 To compare the risk for LTBI criteria: > 18 IGRA (QFT- age: 59.0 (13.2) 205 samplings for
Switzerland diagnostic years, being able | GIT) determinatio
[Low] performance of the | Exposed 1: Risk | to provide IGRA (T- Female (n [%]): 84 Excluded (N): 5 nof M.
TST and two for LTBI: Chest informed consent, | SPOT.TB) (42.0) (indeterminate tuberculosis-
IGRASs (T- X-ray suggestive | having had a TST: (>5 mm) IGRAS) specific
SPOT.TB and QFT- | of prior infection | renal transplant at Race/ethnicity (n QGIT
GIT) in renal (calcified least 12 months Cut-off [96]): NR (Cellestis)
transplant recipients | granuloma or before inclusion, | values/threshold
(RTRs) under stable | adenopathy, and having a s Definition of Geographic origin gnd
immunosuppression | suggestive stable test+: (n[%6]): High interferon-F-
fibrotic scars) immunosuppressi incidence of TB in secreting T
Setting: Geneva and/or close on IGRA (QFT- country of origin 24 cells (T-
University Hospital | contact with TB GIT): according | [12.0] SPOT.TB
patient Exclusion to manufacturer (Oxford
Study design: criteria: BCG vaccination (n Immunotec)
Retrospective Exposed 2: NA Treatment for IGRA (T- [%6]): 155 [77.5] were
cohort/cross- acute rejection SPOT.TB): performed
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
sectional study within the according to History of anti-TB simultaneous
preceding 3 manufacturer treatment (n [%6]): ly
Funding source: months and signs Active therapy 9
Ligue Pulmonaire or symptoms of TST: > 5 mm [4.5], LTBI treatment
Genevoise a non- acute infection transverse 12 [6.0]
profit organisation diameter,
measured 48 to Total incidence of
72h after active TB (n [%0]):
injection NA

Chest radiography
(yes/no): yes
Clinical
examination
(yes/no): yes

Morbidity (n [%6]):
Renal transplant
recipients

Co-morbidity (n
[96]): NR

Type of during-
study treatment (n
[90]): Prednisone 88
[44.0], Tacrolimus,
127 [63.5],
Cyclosporine 41
[20.5]
Mycophenolate
mofetil 159 [79.5],
Azathioprine 17
[8.5], Sirolimus 12
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Subgroup of interest — immunocompromised

eople (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
[6.0]
Kim, Study aim: To Non exposed: Inclusion Type of tests: Mean (range or SD) | Recruited (N): NR
2013c™* compare the QFT- | NR criteria: Kidney | IGRA (QFT- age: 44.7 +11.5 109
South Korea | GIT with the transplant GIT)
[High] tuberculin skin test | Exposed 1: recipients TST (>10mm) Female (n [%0]): 41 Excluded (N): 4
(TST) for screening | History of treated (38) with indeterminate
of LTBI in kidney tuberculosis Exclusion Cut-off QFT-GIT results
transplant recipients criteria: NR values/threshold | Race/ethnicity (n (excluded for

(KTRs)
Setting: NR

Study design:
Retrospective
cohort/cross-
sectional study
(with prospective
part)

Funding source:
Korea health care
technology R & D
project, ministry for
health, welfare and
family affair,
republic of Korea

Exposed 2:
Abnormal chest
radiograph

s Definition of
test+:

IGRA: >0.35
IU/mL and >
25% in the
presence of TB-
specific antigen
minus that of the
Nil tude

TST: Induration
>10 mm at 48 to
72 h after the
injection

[%6]): NR

Geographic origin
(n[%]): NR

BCG vaccination (n
[96]): NR
History of anti-TB

treatment (n [%0]): 3

[2.8]

Total incidence of
active TB (n [%0]): 1
[0.9]

Chest radiography
(yes/no): yes

Clinical
examination
(yes/no): yes

Morbidity (n
[96]):NR

Co-morbidity (n

analysis)
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Subgroup of interest — immunocompromised people (specified by main condition/procedure)

Study ID Study aim, setting, | Definition of Study Type and Characteristics of N of recruited Comments
(Author and construct participants’ positivity study participants and excluded
name, year, | design validity (i.e., inclusion/ threshold(s) of at baseline study
and LTBI exposure- | exclusion tests compared participants
country) based proxy) criteria
[%0]):
Glomerulonephritis
19 [17.4];

hypertensive
nephrosclerosis 11
[10.1]; dia