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Abstract Measurements and Main Results: For all tests, incidence rates and
rate ratios increased with the magnitude of the test result (P < 0.0001).
Rationale: Development of diagnostic tools with improved Over 3 years’ follow-up, there was a modest increase in positive

predictive value for tuberculosis (TB) is a global research priority. predictive value with the higher thresholds (3.0% for QFT-GIT =0.35
IU/ml vs. 3.6% for =4.00 IU/ml; 3.4% for T-SPOT.TB =5 spots vs.

lferEDE e evenaisd whielihen bl e 5.0% for =50 spots; and 3.1% for BCG-adjusted TST =5 mm vs. 4.3%
diagnqstic thresholds .than currently recommended for for =15 mm). As thresholds increased, sensitivity to detect incident
O ATINON Colte i MMilbe (QIF CIL), T RO, g TB waned for all tests (61.0% for QFT-GIT =0.35 IU/ml vs. 23.2%
e mbauetlin sifin Gt (TS ntght inopiove puelslon of for >4.00 TU/ml; 65.4% for T-SPOT.TB =5 spots vs. 27.2% for =50
incident TE. spots; 69.7% for BCG-adjusted TST =5 mm vs. 28.1% for =15 mm).

Methods: Follow-up of a UK cohort of 9,610 adult TB contacts
and recent migrants was extended by relinkage to national

TB surveillance records (median follow-up 4.7 yr). Incidence
rates and rate ratios, sensitivities, specificities, and predictive
values for incident TB were calculated according to ordinal
strata for quantitative results of QFT-GIT, T-SPOT.TB,

and TST (with adjustment for prior bacillus Calmette-Guérin [BCG] = Keywords: latent tuberculosis; epidemiology; screening;
vaccination). QuantiFERON; T-SPOT.TB

Conclusions: Implementation of higher thresholds for QFT-GIT,
T-SPOT.TB, and TST modestly increases positive predictive value for
incident TB, but markedly reduces sensitivity. Novel biomarkers or
validated multivariable risk algorithms are required to improve
prediction of incident TB.
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At a Glance Commentary

Scientific Knowledge on the
Subject: Few studies have previously
assessed the association between
quantitative IFN-vy release assay results
and tuberculosis (TB) incidence rates;
all were restricted to only one test, the
QuantiFERON Gold-In-Tube (QFT-
GIT). Although two studies have
suggested that a QFT-GIT threshold of
=4 [U/ml may improve prediction of
incident TB, none were able to fully
assess the potential impact of
implementing higher thresholds on
predictive values, or the proportion of
incident cases missed by latent
tuberculosis infection (LTBI)
screening programs.

What This Study Adds to the Field:
This is the first study to
comprehensively assess the potential
impact of implementing higher
diagnostic thresholds for all three
available LTBI tests (tuberculin skin
test, QFT-GIT, and T-SPOT.TB). We
demonstrate that TB incidence rates
increase incrementally with the
magnitude of the T-cell recall response
for all three tests. However, although
implementing higher thresholds leads
to modest improvement in positive
predictive value of these tests for
incident TB, this benefit is offset by a
marked loss in sensitivity, with the
majority of incident TB cases being
missed. Implementing higher
diagnostic thresholds for the tuberculin
skin test and commercial IFN-vy release
assays is therefore unlikely to be of
value for LTBI-screening programs in
settings aiming toward TB
elimination.

Treatment for latent tuberculosis infection
(LTBI) reduces the risk of progression to
tuberculosis (TB) disease and thus offers
an opportunity to prevent TB-related
morbidity, while also interrupting onward

transmission (1). Scaling up testing and
treatment for LTBI among TB risk groups
is therefore an integral component of the
World Health Organization (WHO)
End TB Strategy (2, 3). However, the
effectiveness of LTBI-screening programs is
undermined by the poor positive predictive
value of currently available LTBI diagnostic
tests for incident TB disease, which is <5%
for both the tuberculin skin test (TST) and
commercial IFN-vy release assays (IGRAs)
over a 2-year period (4-6). As a result, the
majority of individuals with a positive TST
or IGRA will never develop TB disease.
This leads to a large burden of unnecessary
LTBI treatment, with associated risks of
drug toxicity to patients, and economic
costs to health services. Furthermore, poor
predictive value may also undermine the
uptake of LTBI treatment among target
groups because of the low perceived risk of
TB (7). The WHO has therefore highlighted
the development of novel biomarkers with
better predictive value as a key research and
development priority in a target product
profile (TPP) consensus document, stating
optimal performance criteria of sensitivity and
specificity =90% over a 2-year interval (8).
Recent emerging data from studies
in both adults and infants in low- and
high-TB-incidence settings have
demonstrated that higher quantitative
IGRA results are associated with increased
risk of incident TB, thus raising hope that
IGRAs themselves may go some way to
fulfilling the WHO TPP (9-11). Moreover,
because current diagnostic thresholds
for scoring a positive test are based on
detecting sensitization to Mycobacterium
tuberculosis rather than development of
incident TB disease, optimizing these
thresholds might lead to improved
implementation of existing LTBI
diagnostics, while novel biomarkers with
improved predictive value are awaited.
However, previous evaluations of
quantitative IGRA results have been
limited to the QuantiFERON Gold-In-Tube
(QFT-GIT) assay only (9-13), and it
remains unclear whether implementation
of a higher threshold for positivity may
actually be of use in clinical practice to

improve the risk-stratification of patients
with LTBIL

We sought to address these key
knowledge gaps by extending follow-up of
participants in the UK PREDICT (UK
Prognostic Evaluation of Diagnostic IGRAs
Consortium) TB study (6). First, we
aimed to test the hypothesis that higher
quantitative QFT-GIT, T-SPOT.TB, and
TST results were associated with increased
risk of incident TB. Second, we sought to
evaluate the test sensitivities, specificities,
and predictive values when higher
thresholds for a positive test than currently
recommended are used over a fixed 3-year
follow-up period. Finally, we plotted
receiver operating characteristic (ROC)
curves for all three tests to compare
performance across the full range of test
cutoffs. Some of the results of this study
have been previously reported in the form
of an abstract (14).

Methods

Population

The UK PREDICT study cohort has been
described in detail previously (6). Briefly,
individuals aged =16 years were recruited
(May 1, 2010 to June 30, 2015) from
London, Birmingham, and Leicester.
Inclusion criteria were recent contacts of
patients with active TB; or recent migrants
from, or prolonged travelers to, high-TB-
burden countries. Participants treated for
LTBI were excluded, as were participants
diagnosed with suspected baseline prevalent
TB (evidence of TB within 21 d of
enrollment).

Study Procedures

Participants were tested with QFT-GIT
(Qiagen), T-SPOT.TB (Oxford
Immunotec), and then Mantoux TST
(Statens Serum Institut) using standardized
protocols on the same day, at least 6 weeks
from last TB exposure or migration.
Indeterminate results were classified as
recommended by the manufacturers (online
supplement). Incident TB cases were
identified via telephone interview at 12 and
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24 months, and by linkage to the national
TB surveillance system held at Public Health
England, which includes all statutory TB
notifications and all results of positive M.
tuberculosis cultures. For this analysis, all
participants were relinked to national TB
surveillance records to identify individuals
notified with TB until December 31, 2017.
Follow-up was censored on the earliest of
date of TB diagnosis, death, or December
31, 2017. The study procedures and
protocol were approved by the Brent
National Health Service Research Ethics
Committee (10/H0717/14).

Statistical Analysis

Tuberculosis incidence rates and ratios were
calculated relative to the negative test
category (with 95% confidence intervals
[CIs]) using Poisson models, according to
ordinal strata for quantitative results of each
LTBI test during the full duration of follow-
up. For participants with previous bacillus
Calmette-Guérin (BCG) vaccination
(defined by self-report and scar inspection),
10 mm was subtracted from the
quantitative TST result to adjust for the
associated sensitization to BCG (“BCG-
adjusted TST”). The rationale for this was
that, in the main UK PREDICT analysis, a
BCG-stratified TST cutoff of 5 mm in BCG-
naive or 15 mm in vaccinated participants
performed most similarly to IGRA (6). For
QFT-GIT and BCG-adjusted TST, test
strata were based on previous data (9, 10,
15-17). For QFT-GIT, these were TB
antigen IFN-y minus unstimulated control
IFN-y levels of <0.35, 0.35-0.69, 0.7-3.99,
and =4.00 IU/ml. For BCG-adjusted TST,
the strata used were <5, 5-9, 10-14, and
=15 mm induration.

For T-SPOT.TB, no previous data were
available to inform the test strata examined.
We chose initial strata of spot counts in
the maximal TB antigen panel minus the
negative control of <4 and 5-7 spots, based
on manufacturer test thresholds for
borderline and positive results, and used
restricted cubic spline models to investigate
the nonlinear association between
quantitative T-SPOT.TB results and
incident TB risk (online supplement).
Informed by visualization of these models,
we defined further strata of spot counts in
the maximal TB antigen panel minus the
negative control of 8-49 and =50 spots
(corresponding approximately to the top
5% of quantitative T-SPOT.TB results in
the cohort).

Table 1. Baseline Characteristics of UK PREDICT TB Cohort, Stratified by Whether or
Not Participants Progressed to Incident TB during Follow-up

Sex
M
F
Missing
Age, yr
<35
>35
Missing
Median (IQR)
Ethnicity
Indian
White
Black African
Mixed
Pakistani
Bangladeshi
Black Caribbean
Other
Missing
UK Born
No
Yes
Missing
Contact or migrant
Contact
Migrant
Missing
BCG vaccinated
No
Yes
Missing
QFT-GIT
<0.35
0.35-0.69
0.7-3.99
=4
Indeterminate
Missing
T-SPOT.TB
<5
5-7
8-49
=50
Indeterminate
Missing

BCG-adjusted TST, mm*

<5

5-9

10-14

=15

Missing
Follow-up, yr

Median (IQR)
Total

TB Free

4,673 (49.2)
4,758 (50.1)
72 (0.8)

5,455 (57.4)

4,026 (42.4)
22 (0.2)
33 (26-47)

3,939 (41.5)
1,161

1,457 (15.3)
6,538 (68.8)
1,508 (15.9)

6,603 (69.5)

4.69 (3.82-5.52)

9,503

TB Progressors
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0.51 (0.21-1.34)

107

Total

4.68 (3.78-5.51)
9,610

Definition of abbreviations: BCG = bacillus Calmette-Guérin; IQR = interquartile range;
QFT-GIT =QuantiFERON Gold-In-Tube; TB =tuberculosis; TST = tuberculin skin test; UK
PREDICT = UK Prognostic Evaluation of Diagnostic IFN-y Release Assays Consortium.

Data are presented as n (%) unless otherwise specified.

*For participants with previous BCG vaccination (defined by self-report and scar inspection), 10 mm
was deducted from the quantitative TST result to adjust for the associated sensitization to BCG

(“BCG-adjusted TST”).
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Sensitivity, specificity, positive and
negative predictive values, and ROC curves
for incident TB over a fixed 3-year follow-up
period were calculated at the corresponding
thresholds for each stratum.

Seven sensitivity analyses were
performed, as detailed in the online
supplement. All analyses were performed
using Stata version 15.

Results

A total of 10,045 participants were recruited
to the study. Of these, 175 had possible
prevalent TB at baseline, and a further 260
were treated for LTBIL The remaining 9,610
were therefore included in the final study
cohort, with median follow-up 4.7 years
(interquartile range, 3.8-5.5). Baseline
characteristics of the cohort are
summarized in Table 1. A total of
5,526/9,610 (57.5%) participants were aged
<35 years. The cohort included 4,781
(49.8%) recent TB contacts and 4,729
(49.2%) migrants from high-incidence
countries, whereas 6,618/9,610 (68.9%)
reported previous BCG vaccination. A total
of 8,562 (89.1%), 8,079 (84.1%), and 7,833
(81.5%) of participants had available
quantitative QFT-GIT, T-SPOT.TB, and
TST results, respectively. A total of 107
participants progressed to incident TB
during follow-up, of which 47 (43.9%) had
pulmonary involvement, and 59 (55.1%)
were microbiologically confirmed by either
culture or PCR. Median time to TB disease
among the progressors was 188 days
(interquartile range, 76-488 d). A total of
71 (66.4%), 19 (17.8%), and 5 (4.7%)
participants progressed during the first,
second, and third years of follow-up,
respectively. The distributions of quantitative
QFT-GIT, T-SPOT.TB, and BCG-adjusted
TST results, stratified by the development of
incident TB, are shown in Figure 1.
Indeterminate results contributed
122/8,562 (1.4%) QFT-GIT results and
121/8,079 (1.5%) T-SPOT.TB results. Of
those with available results, 6,637 (77.5%),
405 (4.7%), 820 (9.6%), and 578 (6.8%) had
QFT-GIT results in the <0.35, 0.35-0.69,
0.7-3.99, and =4.00 IU/ml strata,
respectively. For T-SPOT.TB, 6,290
(77.9%), 319 (3.9%), 906 (11.4%), and 443
(5.6%) of participants had results in the
=<4, 5-7, 8-49, and =50 spots strata,
respectively. For BCG-adjusted TST, 5,769
(73.7%), 827 (10.6%), 630 (8.0%), and 607
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Figure 1. Cumulative distribution plots showing distribution of quantitative test results for the
QuantiFERON Gold-In-Tube, T-SPOT.TB, and bacillus Calmette-Guérin—adjusted tuberculin skin
test, stratified by whether participants progressed to incident TB during follow-up. Dashed lines
indicate thresholds used in this analysis. BCG = bacillus Calmette-Guérin; QFT-GIT = QuantiFERON
Gold-In-Tube; TB =tuberculosis; TST = tuberculin skin test.

(7.75%) had induration in the <5, 5-9,
10-14, and =15 mm strata, respectively.
Duration of follow-up was similar between
participants in different test strata (online
supplement).

For all tests, TB incidence rates and
ratios increased with the magnitude of the

test response (Figure 2). For QFT-GIT, TB
incidence rates (per 1,000 person-years)
increased from 1.10 (95% CI, 0.78-1.53)
in the <0.35 IU/ml stratum to 10.02
(6.82-14.72) in the =4.00 IU/ml stratum
(likelihood ratio test for trend P << 0.0001).
For T-SPOT.TB, TB incidence rates

987
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Figure 2. Tuberculosis incidence rates and ratios in ordinal strata for quantitative results of
QuantiFERON Gold-In-Tube, T-SPOT.TB, and bacillus Calmette-Guérin—adjusted tuberculin skin
test. P values indicate likelihood ratio tests for trend. Data are also presented as a table in the online

supplement. BCG = bacillus Calmette-Guérin; Cl=

confidence interval; QFT-GIT = QuantiFERON

Gold-In-Tube; TB =tuberculosis; TST =tuberculin skin test.

increased from 1.10 (0.78-1.54) in the <4
spots stratum to 12.73 (8.73-18.57) in the
=50 spots stratum (P < 0.0001). For the
BCG-adjusted TST, TB incidence rates
increased from 1.07 (0.75-1.54) in the

<5 mm stratum to 10.95 (7.70-15.57) in
the =15 mm stratum (P < 0.0001).

Considering diagnostic test
performance for the prediction of incident
TB in the first 3 years of follow-up, positive
predictive values (PPV) were uniformly low
but increased modestly with the higher
thresholds for all three tests (Table 2). PPVs
were 3.0% (2.2-3.9) for QFT-GIT =0.35
IU/ml vs. 3.6% (2.2-5.5) for =4.00 IU/ml;
3.4% (2.6-4.4) for T-SPOT.TB =5 spots vs.
5.0% (3.2-7.5) for =50 spots; and 3.1%
(2.4-4.0) for BCG-adjusted TST =5 mm vs.
4.3% (2.8-6.2) for =15 mm. However, as
thresholds for test positivity increased,
sensitivity declined for all tests (Table 2).
For the QFT-GIT, sensitivity decreased
from 61.0% (95% CI, 49.6-71.6) with a
threshold =0.35-23.2% (14.6-33.8) with a
threshold =4.00 IU/ml. For T-SPOT.TB,
sensitivity decreased from 65.4%
(54.0-75.7) with a threshold =5 spots to
27.2% (17.9-38.2) with a threshold =50
spots. For BCG-adjusted TST, sensitivity
was 69.7% (59.0-79.0) with a threshold
=5 mm but only 28.1% (19.1-38.6) with a
threshold =15 mm.

ROC curve analysis revealed similar
areas under the receiver operating
characteristic curves (AUROCs) of 0.77
(95% CI, 0.72-0.82), 0.78 (0.72-0.83), and

988

0.74 (0.69-0.79) for QFT-GIT, T-SPOT.TB,
and BCG-adjusted TST for predicting
incident TB over 3 years’ follow-up,
respectively (Figure 3). Paired DeLong tests
(18) revealed no difference in AUROCs for
QFT-GIT (P=0.21) or BCG-adjusted

TST (P=0.14), when compared with
T-SPOT.TB.

In the sensitivity analyses (online
supplement), exclusion of incident TB cases
<42 days from enrollment resulted in
slightly lower TB incidence rates across all
strata but had little impact on incidence
rate ratios between strata. Similarly, the
subanalyses restricted to TB contacts and
migrants revealed lower TB incidence rates
overall among migrants compared with TB
contacts but little difference in incidence
rate ratios between strata for each test.
Analysis of participants with indeterminate
results revealed only a small number of
incident cases for both the QFT-GIT (n =3)
and T-SPOT.TB (n =2), precluding further
analysis. Inclusion of a fifth stratum for
QFT-GIT (=8 IU/ml) had no effect in
increasing incidence rates further.
Including fifth strata for T-SPOT.TB and
BCG-adjusted TST (=100 spots for T-
SPOT.TB; =20 mm for BCG-adjusted TST)
led to further increases in the incidence
rates in these strata. However, as for the
main analysis, there was a further loss
of sensitivity when implementing
corresponding diagnostic thresholds.
Analysis of quantitative TST results without
subtracting the 10-mm deduction for

participants who reported BCG vaccination
resulted in lower incidence rates in all
strata, compared with the primary analysis,
without changing the overall pattern
observed. Limiting follow-up to 6 months
produced similar sensitivity, specificity, and
predictive value results to the main analysis.
Finally, associations between quantitative
test results and incident TB in multivariable
Poisson models adjusted for age, sex,
ethnicity, country of birth, and indication
for screening (recent contact vs. migration)
were similar to the primary univariable
analyses.

Discussion

We have demonstrated that higher
quantitative results for the QFT-GIT, T-
SPOT.TB, and TST were strongly associated
with higher TB incidence rates, supporting
existing data derived among adult and
pediatric populations, from low and high TB
incidence settings, respectively (9-11).
This is the first study, however, to
comprehensively assess the potential
impact of implementing higher diagnostic
thresholds for all three tests, using a
uniquely powerful and well-characterized
cohort. We found that implementing
higher thresholds would lead to a marked
loss of sensitivity for all three tests, whereby
the majority of incident TB cases would test
negative. A modest loss of test sensitivity
may be acceptable in some circumstances,
where the programmatic goal is to identify
the subgroup with the highest risk of
progression, if it is accompanied by a
substantial improvement in PPV. However,
PPV for all three tests remained <5%, even
in the highest strata. Although this is likely
partly a reflection of the low pretest
probability of incident TB in low TB
incidence settings (such as the United
Kingdom), even among risk groups such as
TB contacts and recent migrants, it also
highlights the limitations of our existing
diagnostic tests for predicting incident TB.
Our previous analysis showed that TST
stratified by BCG status yielded comparable
performance to both commercial IGRAs
(6). Our ROC curve data in the current
analysis reinforces this conclusion, as
AUROCs were very similar for all three
tests, with overlapping 95% Cls.

These data demonstrate that
implementing higher diagnostic thresholds
for QFT-GIT, T-SPOT.TB, and TST is
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Table 2. Sensitivity, Specificity, Positive Predictive Values, and Negative Predictive Values during 3 Years’ Follow-up with

Prespecified Test Thresholds

QFT-GIT (IU/mi)

T-SPOT.TB (Spots)

BCG-adjusted TST* (mm)

=0.35 =0.7 =4 =5 =8 =50 =5 =10 =15

Sensitivity

n 50 44 19 53 50 22 62 42 25

N 82 82 82 81 81 81 89 89 89

Estimate, % 61.0 53.7 23.2 65.4 61.7 27.2 69.7 47.2 28.1

95% Cl 49.6-71.6 42.3-64.7 14.6-33.8 54-75.7 50.3-72.3 17.9-382 59-79  36.5-58.1 19.1-38.6
Specificity

n 6,134 6,511 7,242 5,856 6,155 6,948 5,520 6,295 6,882

N 7,755 7,755 7,755 7,363 7,363 7,363 7,445 7,445 7,445

Estimate, % 791 84.0 93.4 79.5 83.6 94.4 741 84.6 92.4

95% ClI 78.2-80  83.1-84.8 92.8-93.9 78.6-80.4 82.7-84.4 93.8-949 73.1-75.1 83.7-85.4 91.8-93
Positive predictive value

n 50 44 19 53 50 22 62 42 25

N 1,671 1,288 532 1,560 1,258 437 1,987 1,192 588

Estimate, % 3.0 34 3.6 3.4 4.0 5.0 3.1 3.5 4.3

95% Cl 2.2-3.9 2.5-4.6 2.2-5.5 2.6-4.4 3-5.2 3.2-75 2.4-4 2.6-4.7 2.8-6.2
Negative predictive value

n 6,134 6,511 7,242 5,856 6,155 6,948 5,520 6,295 6,882

N 6,166 6,549 7,305 5,884 6,186 7,007 5,547 6,342 6,946

Estimate, % 99.5 99.4 99.1 99.5 99.5 99.2 99.5 99.3 99.1

95% Cl 99.3-99.6 99.2-99.6 98.9-99.3 99.3-99.7 99.3-99.7 98.9-99.4 99.3-99.7 99-99.5 98.8-99.3

Definition of abbreviations: BCG = bacillus Calmette-Guérin; Cl = confidence interval; n=numerator; N = denominator; QFT-GIT = QuantiFERON
Gold-In-Tube; TB =tuberculosis; TST = tuberculin skin test.
*For participants with previous BCG vaccination (defined by self-report and scar inspection), 10 mm was deducted from the quantitative TST result to
adjust for the associated sensitization to BCG (“BCG-adjusted TST”).

unlikely to be of use in settings aiming
toward TB elimination and fails to bridge
the gap to the WHO TPP for biomarkers
with greater predictive value for incident
TB. One approach may be to offer
preventative therapy to all patients with
positive LTBI tests, using current thresholds,
with the offer of additional support to
complete treatment to those with higher
quantitative results, who are at highest risk
of disease. However, such an approach
should ensure that current resources are not
diverted away from supporting those with
lower quantitative positive test results to
commence and complete preventative
therapy because doing so would risk missing
the majority of progressors.

Although our findings support the
hypothesis that quantitative measures of
T-cell recall (as measured by IGRAs and the
TST) are correlates of risk of disease, which
may reflect underlying mycobacterial
burden, test sensitivity for incident TB
cases was only 61.0-69.7% when using
conventional thresholds over 3 years’
follow-up. This finding is consistent with
recent data demonstrating IGRA sensitivity
of 67-81%, even among prevalent TB cases
(19). A negative IGRA in these examples
may be a consequence of susceptibility to

TB disease among a subgroup of exposed
individuals who either fail to mount any
adaptive immune response to M.
tuberculosis, develop an immune response
that is independent of IFN-vy (20), or have a
localized response in tissue compartments
that is not reflected in blood. Furthermore,
in contrast to the hypothesis that a positive
IGRA or TST are correlates of risk, cases of
Mendelian susceptibility to mycobacterial
disease show that T-helper cell type 1
responses that underpin IGRAs and the
TST are necessary for protection against TB
(21). This contradiction reflects the fact
that IFN-y-polarized T-cell responses do
not discriminate between immunological
protection and immunopathogenesis. Thus,
these measures should be considered as
imperfect correlates of risk when used for
TB diagnosis, prognostication, or as
outcome measures in vaccine efficacy
studies (22).

This study reinforces an ongoing
need for novel biomarkers that predict
progression to incident TB more accurately,
to facilitate precision delivery of therapy for
LTBI to those who need it most, and thereby
reduce the number needed to treat.
Although IGRAs and the TST aim to
detect immune sensitization to TB, it is
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increasingly recognized that tests that better
delineate the spectrum of LTBI will be
required to improve predictive value (23).
One such example is whole-blood host
transcriptional signatures, which have
demonstrated promise for the detection of
incipient, or subclinical, TB (24-27).
However, a validated biomarker that
achieves the WHO TPP for the prediction
of incident TB has not yet been identified.
In the interim, ensuring optimal
implementation of existing LTBI tests is of
paramount importance. Although higher
diagnostic thresholds for QFT-GIT, T-
SPOT.TB, and TST may not address this in
isolation, inclusion of these quantitative results
in a multivariable clinical risk model may
improve prediction of incident TB, although
existing tools remain unvalidated (4, 28).
This study has a number of strengths.
First, it is a very large scale (n=9,610),
prospective study with lengthy median
follow-up of almost 5 years, and robust
identification of incident TB cases,
including by linkage to national TB
surveillance records. The study population,
consisting of UK recent TB contacts
and migrants from high-TB-incidence
settings, is well characterized and highly
representative of target groups for
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Figure 3. Receiver operating characteristic curves for prediction of incident tuberculosis during 3
years’ follow-up by quantitative QuantiFERON Gold-In-Tube, T-SPOT.TB, and bacillus Calmette-
Guérin—adjusted tuberculin skin test results. The 95% confidence intervals are indicated in
parentheses. AUC = area under the curve; BCG = bacillus Calmette-Guérin; QFT-GIT = QuantiFERON
Gold-In-Tube; TB =tuberculosis; TST = tuberculin skin test.

LTBI-screening programs in low-TB-
incidence settings (3). Our findings are
therefore likely to be generalizable to other
low-TB-incidence countries. Furthermore,
availability of diagnostic test results was
very high, with QFT-GIT, T-SPOT.TB, and
TST results available for 8,562 (89.1%),
8,079 (84.1%), and 7,833 (81.5%) of
participants, respectively. The inclusion of a
large number of both TB contacts and
recent migrants also facilitated robust
sensitivity analyses restricted to each
subpopulation.

A limitation was that an updated
version of the QFT-GIT (Qiagen), which
became available late in the follow-up
period, was not assessed in this study (29).
Prospective evaluations of the predictive
value of this assay for incident TB are
required. Second, a positive LTBI test, done

as part of the study, could potentially have
led to differential reporting bias, as a
positive result may have increased clinical
suspicion of TB and therefore led to more
TB diagnoses among participants with a
positive test. However, test results were
available to participants’ clinicians only for
TB contacts aged <35 years because,
during the study period, these were the only
participants who met National Institute for
Health and Care Excellence criteria for
LTBI testing (15). The magnitude of this
bias is therefore likely to be small. Third,
only baseline testing was performed. We
are therefore unable to assess conversions
or reversions during serial testing, which
may be frequent (30). Because the reality of
both contact and migrant LTBI-screening
programs is that serial testing (beyond 6 wk
after contact) is highly unlikely to be

cost-effective, this limitation reflects the
constraints of routine programmatic
conditions; the ability of the tests to identify
progressors at the point of initial screening
is therefore a key attribute. Finally, we are
also unable to account for any further TB
exposure events between recruitment and
diagnosis, which may have led us to
underestimate test sensitivity. However,
66.4% of progression events occurred in the
first year (median time to disease, 188 d),
and there is a generally low risk of TB
transmission in the United Kingdom.
Moreover, test sensitivity when using
conventional thresholds remained
57.8-79.6% when follow-up was limited
to 6 months; the impact of this bias is
therefore likely small.

In conclusion, optimal implementation
of existing LTBI diagnostic tests is critical
while we continue to develop novel
commercial assays with improved predictive
value. Although higher quantitative QFT-
GIT, T-SPOT.TB, and TST results were
associated with higher TB incidence rates in
this study, the implementation of higher
diagnostic thresholds for these tests comes
at the cost of a marked loss of sensitivity,
such that only a minority of incident
TB cases are detected. Moreover, the
improvement in PPV with higher test
thresholds was modest. Incorporation of
quantitative results into validated
multivariable risk prediction models may be
of use to further improve prediction of
incident TB in the short-to-medium term.
However, a better biomarker is ultimately
required to transform risk stratification of
patients with LTBI.
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