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ABSTRACT: Clinical algorithms for evaluating HIV-infected individuals for tuberculosis (TB) prior

to isoniazid preventive therapy (IPT) perform poorly, and interferon-c release assays (IGRAs)

have moderate accuracy for active TB. It is unclear whether, when used as adjunct tests, IGRAs

add any clinical discriminatory value for active TB diagnosis in the pre-IPT assessment.

779 sputum smear-negative HIV-infected persons, established on or about to commence

combined antiretroviral therapy (ART), were screened for TB prior to IPT. Stepwise multivariable

logistic regression was used to develop clinical prediction models. The discriminatory ability was

assessed by receiver operator characteristic area under the curve (AUC). QuantiFERON1-TB Gold

in-tube (QFT-GIT) was evaluated.

The prevalence of smear-negative TB by culture was 6.4% (95% CI 4.9–8.4%). Used alone, QFT-

GIT and the tuberculin skin test (TST) had comparable performance; the post-test probability of

disease based on single negative tests was 3–4%. In a multivariable model, the QFT-GIT test did

not improve the ability of a clinical algorithm, which included not taking ART, weight ,60 kg, no

prior history of TB, any one positive TB symptom/sign (cough o2 weeks) and CD4+ count

,250 cells per mm3, to discriminate smear-negative culture-positive and -negative TB (72% to

74%; AUC comparison p50.33). The TST marginally improved the discriminatory ability of the

clinical model (to 77%, AUC comparison p50.04).

QFT-GIT does not improve the discriminatory ability of current TB screening clinical algorithms

used to evaluate HIV-infected individuals for TB ahead of preventive therapy. Evaluation of new

TB diagnostics for clinical relevance should follow a multivariable process that goes beyond test

accuracy.

KEYWORDS: Diagnostic research, HIV, incremental value, interferon-c release assay,

Mycobacterium tuberculosis, QuantiFERON1-TB Gold in-tube

T
he HIV-1 epidemic has derailed tuber-
culosis (TB) control in sub-Saharan Africa.
It is recognised that additional interven-

tions, apart from the otherwise successful directly
observed treatment short course (DOTS) strategy,
are required to control TB [1]. The World Health
Organization (WHO) therefore promotes isonia-
zid preventive therapy (IPT), intensified TB case
finding and TB infection control to curb TB in
HIV-infected individuals as part of the ‘‘Three
Is’’ initiative [2]. Active TB should be excluded
prior to starting IPT to avoid drug resistance
from isoniazid monotherapy [3]. Where sputum
culture for Mycobacterium tuberculosis has been

employed as a gold standard method in various
settings, the median prevalence of positivity has
ranged from 0.7% in population-based surveys to
8.5% in HIV-1 voluntary counselling and testing
services [4]. Asymptomatic and smear-negative
forms of disease are also common and so the
operational need to screen for prevalent TB has
become very important [5, 6].

The gold standard for intensified TB case finding
remains sputum culture. It is more sensitive than
smear, but takes several weeks and is expensive.
Thus, screening algorithms based on TB symptoms
have been suggested but sensitivity and specificity
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vary between strategies, studies and location [5, 7–11]. A recently
proposed algorithm to screen HIV-infected persons living in
resource-poor areas for TB reported that any one symptom/sign
out of cough of any duration, fever, night sweats or weight loss
were 79% sensitive with a negative predictive value of 98% (in a
5% TB prevalence setting), but only 50% specific. The authors
concluded that reliably ruling out active TB might have priority
over generating a consistent group of subjects with positive
screening and no TB. However, with such poor specificity, an
implicit consequence of the proposed algorithm is that the
majority of those with false positive results would still require
further investigation to rule out active TB disease [12]. This
highlights the need for alternative or additional techniques.

Infection by M. tuberculosis can be inferred from evidence of
immune sensitisation either in vivo by the Mantoux tuberculin
skin test (TST) or in vitro by antigen-specific release of interferon
(IFN)-c by T-cells (IFN-c release assay; IGRA). These present
additional TB screening strategies. However, the utility of IGRAs
in high-TB incidence settings where HIV-1 co-infection is also
common remains unclear because, like the TST, IGRAs cannot
distinguish between latent infection and active disease. Used as
single stand-alone tests, both IGRA and the TST are imperfect for
diagnosing those who have prevalent active disease as they have
moderate positive predictive value and can be falsely negative
[13–17]. Similarly, a single positive result may not necessarily
mean the presence of active disease. Based on existing data
reporting poor performance of current commercial IGRAs in
low- and middle-income countries, a recent WHO Strategic and
Technical Advisory Group meeting on the use of commercial
IGRAs for the diagnosis of latent and active TB planned to
support an approach to develop a ‘‘negative’’ WHO policy
recommendation to discourage the use of commercial IGRAs in
those countries [18]. However, the utility of IGRAs may be better
appreciated in multivariable clinical algorithms. It is thus
important to understand the incremental or added value of
IGRAs in active TB diagnosis, over and beyond conventional
tests for active TB [19, 20]. Considering IGRAs with other
predictors might modify both its accuracy estimates of sensitiv-
ity, specificity and likelihood ratios, and the overall posterior
probability of active TB disease [21, 22]. This is the crux of a
multivariable evaluation. Such an evaluation of IGRAs has not
previously been explored and in the context of the pre-IPT
evaluation. The WHO has identified these as priority research
questions in the IGRA and TB prevention areas [23].

Our hypothesis was that when used as adjunct tests, even
poorly to moderately performing TB biomarkers will improve the
ability of current multivariable clinical algorithms to discrimi-
nate those with and without TB. Therefore, we assessed the
incremental or additive discriminatory value of QuantiFERON1-
TB Gold in-tube (QFT-GIT; Cellestis, Carnegie, Australia) or
Mantoux TST when added as adjunct tools to detect active TB
among sputum smear-negative persons who were being pre-
scribed or about to commence antiretroviral therapy (ART) and
being assessed for IPT.

MATERIAL AND METHODS
Participant recruitment and study setting
The University of Cape Town (Cape Town, South Africa) research
ethics committee approved this study (REC 013/2007) and written
informed consent was provided. The study setting was the

Ubuntu Clinic in Khayelitsha Site B, an HIV-TB outpatient facility
30 km east of Cape Town, South Africa. Overall TB incidence
during the study was ,1,500 per 100,000 inhabitants. Consecutive
participants undergoing screening for an ongoing pragmatic
randomised controlled trial (RCT) were invited. The trial was
established to determine the effectiveness of the combination of
IPT and ART provided under routine clinical practice to reduce
the risk of active TB in HIV-infected persons (clinicaltrials.gov
identifier NCT00463086 and Lancet D-09-02885 approved proto-
col). Participants were eligible if they were willing to provide
additional consent for further screening by TST and QFT-GIT.
They were screened regardless of initial TB symptoms or signs
and regardless of eligibility for the ART–IPT study. The selection
criteria for the RCT were not applied when assessing patients’
eligibility for evaluation by QFT-GIT. Screening occurred between
November 2007 and September 2009. Adults aged o18 yrs, who
were already prescribed ART or about to commence ART and
whose TST response could be assessed by the study team in 48–
72 h, were eligible to participate. There were no other specific
exclusion criteria for the QFT-GIT substudy. To meet our study
objectives, all analyses were undertaken on a restricted dataset of
sputum smear-negative participants. This evaluation of standard
QFT-GIT occurred under routine clinical practice and was not
intended as an optimisation study for QFT-GIT.

Study procedures
All TB screening tools were administered on the day of
screening. Participants were evaluated for the following TB
symptoms or signs at the baseline screening visit: cough
o2 weeks; night sweats in the last 2 weeks; self-reported
weight loss for those newly prescribed ART or weight loss
o1.5 kg in 1 month for patients already taking ART at screen-
ing; fever o2 weeks; and significant lymphadenopathy (.2 cm
in diameter) on examination. The algorithm reflects South
African guidelines including the TB Programme and the
National IPT guidelines for HIV-infected persons. Chest radio-
graphy (CXR) did not form part of the screening strategy.

A single sputum sample for TB microscopy and culture was
obtained. Patients who failed to produce sputum either sponta-
neously or following ultrasonic nebulisation with hypertonic
saline were either asked to return the following day (with a
sample) or nebulisation was repeated if necessary at their next
clinic visit. A window period of up to 1 month for sputum
collection was permitted. Specimens were sent to an academic
reference laboratory at Groote Schuur Hospital (Cape Town) for
processing. The laboratory is part of the South African National
Health Laboratory Service. A single positive culture (BACTEC
mycobacterial growth indicator (Becton Dickinson Microbiology
Systems, Cockeysville, MD, USA) and Lowenstein–Jensen media)
for M. tuberculosis was regarded as definite active disease and
formed the reference standard criterion for diagnostic accuracy in
this study. Given the high rate of active TB in the recruited
population, all cases with positive cultures were considered as
definite TB and thus referred for prompt DOTS. Upon referral to
the TB programme, further assessments initiated included
physical examination and/or CXR. During this study period,
the reference laboratory reported low cross-contamination;
of 500 dummy sputum samples, none were false positive for
M. tuberculosis (M. Nicol, Division of Medical Microbiology,
Faculty of Health Sciences, University of Cape Town and
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National Health Laboratory Service, Cape Town, South Africa;
personal communication).

The TST (2 TU RT23 purified protein derivative (PPD); Statens
Serum Institut, Copenhagen, Denmark) was administered on the
volar aspect of the left forearm by personnel trained in its
administration. The TST induration was recorded after 48–72 h
by the ballpoint pen and ruler method. Phlebotomy for QFT-GIT
was performed on the same day that the TSTs were administered
and preceded placement of PPD. QFT-GIT assays were per-
formed in a Cellestis-accredited laboratory and interpreted
according to the manufacturer’s guidelines. Results were also
recorded quantitatively (antigen-stimulated IFN-c corrected for
background, expressed in IU?mL-1). Laboratory technicians were
blinded to TST results, TB symptoms and signs and culture
results, while clinicians were blinded to QFT-GIT results.

Diagnostic accuracy of single tests for prevalent sputum
smear-negative, culture-positive TB
Using culture positivity as the gold standard, we computed
standard test accuracy measures to detect prevalent disease.
Post-test probabilities of disease based on negative test results
were calculated to assess the clinical utility of a negative single
stand-alone test result for ruling out active TB. Discriminatory
ability was evaluated by receiver operating characteristic area
or area under the curve of sensitivity versus 1 minus specificity
(AUC). That is, based on the results of a stand-alone test, do
patients with culture-positive TB have higher risk predictions
than those without [24]?

Selection of potential predictors of TB
All analyses were performed with STATA 10 MP (StataCorp,
College Station, TX, USA). Candidate clinical predictors
were determined a priori based on clinical judgment and the
published literature [10, 25] and they included: ART status
(taking ART or not), sex, age, weight at screening, most recent
CD4 count (no older than 6 months), prior TB and TB symptoms
and clinical signs. TST at the clinically relevant cut-off of 5 mm
and QFT-GIT at standard manufacturer’s cut-offs were pre-
specified for multivariable analysis. Further details are provided
in the online supplementary material, S-1.

Prediction model development and assessment of added
discriminatory value
Multivariable logistic regression analysis was performed to
develop diagnostic models for culture-positive TB. First, a re-
duced, most parsimonious, clinical model without additional tests
of TB infection (TST and QFT-GIT) was derived. TB tests of
infection were added singly to the reduced clinical model and then
simultaneously to explore the added predictive value of a single
test and of combined tests, respectively. The ability of a multi-
variable model to discriminate M. tuberculosis culture-positive and
-negative patients was assessed by AUC. That is, based on the
results of the test when added to multiple clinical predictors, do
patients with the outcome have higher risk predictions than
those without? The AUC was chosen as a measure of model
discrimination because it is an objective estimate where indivi-
dual predicted probabilities, and hence all probability cut-off
points, are used in the assessment of model performance. Full
details on model selection, calibration and discrimination are
provided in the online supplementary material, S-2.

RESULTS

Characteristics of the reference groups
1,686 eligible participants were consecutively screened between
November 2007 and September 2009 (fig. 1). Of these, 1,405 had
culture results available, with an overall prevalence of culture-
positive TB of 8.2% (95% CI 6.8–9.7%); after exclusions (fig. 1),
779 smear-negative participants were available for analysis. The
prevalence of smear-negative, culture-positive TB was 6.4% (95%
CI 4.9–8.4%). 56% of TB cases had at least one TB symptom or
sign upon referral for DOTS. 88% of cases had CXR performed
and 57% of those had signs suggestive of TB. The median
(interquartile range) duration between the baseline clinical
assessment and referral was 6 (4–12) weeks. The baseline
characteristics of participants with both TST and QFT-GIT

Eligible 
participants

n=1686

Failed sputum induction n=111
Sputum culture unavailable n=92
Contaminated n=70
Nontuberculous mycobacteria n=8

Missing both QFT-GIT and TST 
  results n=373
Missing TST alone; did not return 
  for reading n=193
Missing QFT-GIT alone; sample 
  not processed/not received n=55

Reference standard available (sputum culture)
n=1405, 115 culture positive: 8.2% (95% CI 6.8–9.7%), of which
19/1405 were smear positive: 1.4% (95% CI 0.8–2.1%)

Smear positives (not already
  removed)

Smear negative with both TST
and QFT-GIT available

n=779

TST QFT-GIT

Indeterminate or
negative
n=449

Positive >5 mm
n=335

Negative
n=444

Culture
Negative
Positive

428
16

301
34

431
18

298
32

Positive 
n=330

FIGURE 1. Flow-chart detailing recruitment into the study. This shows

participant flow and the numbers used in the final multivariable discriminatory

value analysis. QFT-GIT: QuantiFERON1-TB Gold in-tube; TST: tuberculin skin test.
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results stratified by culture status are shown in table 1. Patients
with prevalent TB had a lower CD4 count (median 169 versus
198 cells per mm3), were less likely to be taking ART at screening
(54% versus 34%) and were more likely to report any of a range of
symptoms and signs of TB, but the overall frequency of any one
TB symptom or sign was low. At least 80% of those with culture-
positive disease had either a positive TST (at 5 mm) or QFT-GIT
result. The highest proportion of those with TB was represented
in the highest QFT-GIT tertile compared with the lower strata
(p50.005, score test for trend).

Diagnostic accuracy of single tests for prevalent sputum
smear-negative, culture-positive TB
The diagnostic accuracy measures of the TST and QFT-GIT as
single stand-alone tests are moderate and comparable regardless
of whether QFT-GIT results included indeterminate results or
not (table 2). The combined variable of either TST or QFT-GIT
positive was the most sensitive test, 80% (95% CI 66–90%) and

83% (95% CI 70–93%) when QFT results included indeterminate
results as negatives or when indeterminate results are excluded,
respectively. The clinical utility of single negative tests to rule out
smear-negative, culture-positive TB was poor and the post-test
probability of disease following application of negative tests
remained close to the pre-test probability of 6%. The discrimina-
tory ability of the individual predictors to identify those with
disease and those without disease, based on AUC, was limited.
Both the TST and QFT-GIT were comparable, and also compar-
able to the variable of any one positive TB symptom/sign
(table 2). Details of other accuracy measures and those for TB
symptoms are presented in table 2.

Predictors of prevalent active TB
The following clinical covariates emerged as significant inde-
pendent predictors of TB during univariable logistic regression
analyses (table 3): not being on ART at screening, weight
,60 kg and CD4+ count ,250 cells per mm3. No history of TB

TABLE 1 Characteristics of sputum smear-negative patients stratified by Mycobacterium tuberculosis culture status

Clinical and laboratory features TB culture positive TB culture negative p-value

Patients n 50 729

Age yrs 35 (31–40) 36 (31–42) 0.71

Age o35 yrs 46% 45% 0.92

Male 68% 75% 0.25

No prior TB 82% 62% 0.004

CD4+ count cells per mm3 169 (98–239) 198 (136–315) 0.03

CD4+ ,200 cells per mm3 62% 50% (n5721) 0.12

CD4+ ,250 cells per mm3 80% 66% (n5721) 0.05

Weight kg 60 (54–65) 66 (58–76) ,0.001

Weight ,60 kg 52% 33% (n5722) 0.01

Not on ART at screening 54% 34% 0.004

Symptoms and signs of TB

Cough o2 weeks 10% 4% (n5728) 0.05

Night sweats 10% 2% (n5728) 0.002

Self-reported fever n/N 1/49 3/727 0.230 (exact)

Nodes on examination n/N 1/49 1/728 0.122 (exact)

Weight loss 18% 5% (n5728) ,0.0001

Any one positive TB symptom or sign 26% 8% (n5728) ,0.0001

Tests of TB infection

TST positive at 5 mm cut-off 68% 41% ,0.0001

TST positive at 10 mm cut-off 66% 37% ,0.0001

TST positive at 15 mm cut-off 54% 26% ,0.0001

TST mm 15 (0–20) 0 (0–15) ,0.0001

Manufacturer’s cut-offs QFT-GIT positive 64% 41% 0.004 (exact)

QFT-GIT negative 30% 53%

QFT-GIT indeterminate 6% 7%

QFT-GIT quantitative 0.5 (0.1–2.6) 0.12 (0–0.85) 0.003

QFT-GIT tertiles

,0.03 16% (n545) 33% (n5695) 0.005 (score test for trend)

0.03 to ,0.42 31% (n545) 32% (n5695)

o0.42 53% (n545) 35% (n5695)

Either TST 5 mm/QFT-GIT positive (indeterminate included with negatives) 80% 56% 0.001

Either TST 5 mm/QFT-GIT positive (indeterminate results excluded) 83% (n548) 59% (n5692) 0.001

Data are presented as median (interquartile range), unless otherwise stated. TB: tuberculosis; ART: antiretroviral therapy; TST: tuberculin skin test; QFT-GIT:

QuantiFERON1-TB Gold in-tube.
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in the past was a strong predictor of prevalent TB; that is, those
who had been treated for active TB were less likely to have
prevalent TB. Patients with any one positive TB symptom/sign
were 4.0 times as likely to have TB compared with those with no
symptoms (OR 4.0 (95% CI 2.0–7.9)). The TST at the 5, 10 and 15-
mm threshold (OR 3.0 (95% CI 1.6–5.6), OR 3.3 (95% CI 1.8–6.0)
and OR 3.3 (95% CI, 1.9–5.9), respectively) and TST quantitative
results also emerged as significant predictors. Patients with a
positive QFT-GIT response (quantitative and at the manufac-
turer’s thresholds) were 2.7 times more likely to have culture
positive TB (OR 2.7 (95% CI 1.5–5.2)). Either TST or QFT-GIT
positivity was also a significant predictor of TB. There was a
tendency towards increasing positivity for those with indeter-
minate and positive results compared with those with negative
responses; however, the score test for trend was not significant
(p50.88). When QFT-GIT responses were grouped into tertiles,
it was seen that individuals in the highest then the middle
tertiles were three- and two-fold as likely, respectively, to have
culture-confirmed active TB compared with those with negative
responses (score test for trend p50.005).

Multivariable logistic regression models and the
discriminatory value of TST or QFT-GIT when added to the
final multivariable clinical model
Our final clinical prediction model included the following
predictors: not being on ART at screening; weight ,60 kg;
no prior history of TB; any one positive TB symptom or sign;
and CD4+ count ,250 cells per mm3 (table 4). Compared with
individual predictors of TB in table 2, this multivariate model had
significantly improved discrimination for active TB (AUC of 0.72
for the model versus AUC range of 0.51–0.64 for predictors;
individual AUC comparison p-values are not displayed). The
clinical model was then extended by adding the TST (at 5 mm)
and QFT-GIT (manufacturer’s cut-off) as separate tests and with
both included in the extended model. Models showed good
calibration using the Hosmer–Lemeshow goodness of fit test
(table 4). The odds ratios for the extended models with TST and
QFT-GIT, added singly and together, were similar and the
confidence intervals overlapped. However, there was no sig-
nificant difference in the AUC between the QFT-GIT extended
model and the clinical model (p50.33 for AUC comparisons). By
contrast, the discriminatory ability of the clinical model was
statistically significantly improved by addition of the TST (p50.04
for AUC comparisons; table 4). However, the confidence levels of
the TST and QFT-GIT extended clinical models overlapped.
Simultaneously adding both TST and QFT-GIT to the best clinical
model also resulted in an AUC that was significantly different
from the clinical model, suggesting further overall improved
discriminatory ability for culture-positive and -negative TB.

In secondary analyses, addition of either a positive TST (5 mm)
or QFT-GIT result, and of quantitative QFT-GIT divided into
tertiles of increasing reactivity did not improve the final clinical
model (for details see the online supplementary material, S-3).

DISCUSSION
Undiagnosed TB is a major concern in HIV-infected persons.
Existing clinical algorithms are not highly accurate in smear-
negative patients and available biomarkers, such as IGRAs,
perform moderately. Our main finding was that even when
considered as an adjunct test, QFT-GIT did not improve the
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ability of our best multivariable clinical model to discriminate
between culture positive and culture negative. This incre-
mental discriminatory value of QFT-GIT when added to
current clinical algorithms used in assessment of HIV-infected
persons in whom TB must be ruled out prior to TB prevention
had not previously been explored. The WHO has identified
this as a gap in the IGRA body of knowledge [18, 23].

In a conventional analysis, QFT-GIT interpreted according to
the manufacturer’s guidelines, did not have high sensitivity
(64–68%) and had poor specificity (56–59%) for active disease
in this setting. Furthermore, single negative test results did not
significantly reduce the post-test probability of disease. This is
not new. Moderate sensitivity for active TB was also shown in
a recently published systematic review and meta-analysis for

the diagnosis of latent TB infection in HIV-infected individu-
als (61% (95% CI 41–75%) for QFT-GIT, using culture as a
surrogate reference standard) [26]. Thus, neither QFT-GIT nor
the TST should be used in isolation as a rule out or rule in test
for active TB prior to IPT provision. This conclusion is in line
with a similar body of evidence that suggested that stand-alone
IGRA tests have limited application in excluding active TB in
challenging clinical scenarios [14, 26–29]. Based on such data,
WHO plans to issue a statement to discourage the use of
commercial IGRAs in low- and middle-income countries [18].
However, simple test accuracy based on single stand-alone
tests does not in itself demonstrate clinical relevance [20, 21, 30,
31]. It is important to demonstrate the extent to which IGRAs
have true added value in the clinical context, when all iden-
tified predictors of TB are considered.

In our multivariable analyses, not being on ART at screening,
weight ,60 kg, no history of prior TB, any one positive TB
symptom or clinical sign (includes cough o2 weeks) and CD4+
count ,250 cells per mm3 all emerged as strong independent
predictors of smear-negative, culture-positive TB (AUC 72%).
Not having had TB in the past is strongly associated with
prevalent active TB in HIV-infected individuals and has
previously been cited as a predictor of risk in ART cohorts [32–
34]. The value of this predictor is interesting and was highlighted
in our recent immunological evaluation of T-cell responses of
HIV-infected patients without active TB who were newly starting
ART [35]. Patients with a prior history of TB who had previously
completed TB treatment had a reduced response in an in house
IGRA than those who had not previously received TB treatment,
possibly suggesting the likelihood of having a lower bacterial
load [35]. Clinical prediction models derived for similar settings
should therefore continue to evaluate this predictor.

QFT-GIT did not improve the ability of the clinical model to
discriminate between culture positive and culture negative. By
contrast, addition of the TST (5-mm cut-off) and the combina-
tion of both the TST (5-mm cut-off) and QFT-GIT at the standard
manufacturer’s cut-off statistically significantly improved the
discriminatory ability of the clinical tools (AUC ,80% for both
models). However, the AUC confidence intervals overlapped.
The conclusion that, in its current format, QFT-GIT may add very
little to current clinical tools is consistent with recent evidence.
A paper by METCALFE et al. [19] explored whether QFT-GIT
improves the classification of HIV-uninfected, smear-negative
pulmonary and extrapulmonary TB suspects into researcher-
selected risk categories. They concluded that although QFT-GIT
improved risk stratification of patients when added to clinical and
demographic risk factors, there was no additional benefit when
clinical judgment of experienced clinicians was also considered.

Despite the current poor performance of commercial IGRAs,
the technology remains a significant operational and concep-
tual advance. It is logistically simpler than the TST, especially
in the provider/patient environment and in scoring. The TST
could not be determined for 193 patients as they failed to
return for their readings. By contrast, fewer (55 subjects) QFT-
GIT results were unobtainable, mainly as a result of blood
samples not being processed. A further improved IGRA might
therefore provide greater clinical utility. Two approaches being
pursued include the addition of new antigens [36] or the
evaluation of different cytokine biomarkers [37]. It is also

TABLE 3 Univariable predictors of active tuberculosis (TB)

Clinical and laboratory tests OR (95% CI)

Clinical observations

Not on ART at screening 2.3 (1.3–4.1)

Male 1.4 (0.8–2.7)

Age yrs 0.99 (0.96–1.02)

Age o35 yrs 1.02 (0.6–1.8)

Weight kg 0.95 (0.92–0.97)

Weight ,60 kg 2.2 (1.3–4.0)

CD4+ ,200 cells per mm3 1.6 (0.9–2.9)

CD4+ ,250 cells per mm3 2.0 (1.0–4.1)

CD4+ count cells per mm3 1.0 (0.99–1.0)

No prior TB 2.8 (1.3–5.9)

TB symptoms and signs

Cough for o2 weeks 2.6 (1.0–7.0)

Night sweats 4.6 (1.6–13.2)

Self-reported fever 5.0 (0.5–49.2)

Weight loss 4.1 (1.9–9.1)

Nodes on examination 15.1 (0.9–246)

Any one positive TB symptom/sign 4.0 (2–7.9)

Tests for TB infection/disease

TST (5 mm cut-off) 3.0 (1.6–5.6)

TST (10 mm cut-off) 3.3 (1.8–6.0)

TST (15 mm cut-off) 3.3 (1.9–5.9)

TST mm (quantitative) 1.1 (1.02–1.1)

QFT-GIT (manufacturer’s cut-offs)

Negative 1

Indeterminate 1.6 (0.4–5.7)

Positive 2.7 (1.5–52)

QFT-GIT (tertiles)

,0.03 1

0.03 to ,0.42 2.1 (0.8–5.3)

o0.42 3.2 (1.4–7.6)

QFT-GIT (quantitative) 1.1 (1.0–1.2)

Either TST 5 mm/QFT-GIT positive

(indeterminate included as negative)

3.1 (1.6–6.4)

Either TST 5 mm/QFT-GIT positive

(indeterminate results excluded)

3.5 (1.6–7.5)

Following basic explorations of data, age and weight were dichotomised at

medians of 35 yrs and 60 kg, respectively. ART: anti-retroviral therapy;

TST: tuberculin skin test; QFT-GIT: QuanitFERON1-TB Gold in-tube.
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evident from our finding of a prevalence of culture positivity
of 6.4%, in the absence of symptoms in many cases, that the
distinction between latent and active TB may be arbitrary. TB
infection appears to exist as a spectrum and the immune
responses that characterise active and latent disease therefore
inevitably overlap [38, 39]. Insight into the distinction between
active and latent TB, and the necessity to potentially factor
multiple biomarkers to achieve consistent risk stratification
comes from transcriptional profiling of the blood of TB patients
[40]. 393 differentially elevated or reduced transcripts character-
ised active TB but ,10% latent patients also had a trans-
criptomic pattern that resembled active disease.

Our finding that TST may offer some utility in pre-IPT
assessment was unexpected. The TST is often falsely negative
in moderate-to-severely immunocompromised HIV-1 infected
persons, which often limits its utility [41]. However, evaluation
hitherto has been as a stand-alone test and not as part of a
multivariable clinical process. A major pitfall of adopting con-
ventional test accuracy measures as the source of information
for considering a test in clinical practice is that accuracy
estimates are assumed to be constant [22, 42]. These can differ
across populations, within groups of patients with different risk
profiles (e.g. age, symptoms and signs, etc.) and can vary
according to other test results [42]. Therefore, when those
additional predictors of disease are considered in clinical
diagnosis, as simulated in our multivariable models, the
accuracy of the test is modified [42]. This possibly explains
the improved discriminatory ability of TB symptoms when
considered in multivariable models, despite poor individual

sensitivity estimates. Similarly, the marginal difference in the
added discriminatory ability between TST and QFT-GIT, despite
comparable sensitivity estimates, is explained. As a tool
for assessing the models’ ability to discriminate M. tuberculo-
sis culture-positive and -negative patients, the AUC may be
insensitive to model changes [43, 44] and does not give an
absolute indication of risk prediction. This work may be im-
proved by an assessment in the independent absolute risk of
culture-positive TB disease, of the model without TB tests of
infection from addition of TST and QFT-GIT, by the use of new
risk stratification methods [43, 45, 46]. A clinical scoring rule
based on the best-extended clinical model would further provide
an application of the model in practice; this would aid our
appreciation of the models’ absolute clinical relevance. The TST
identifies HIV-infected persons who will benefit from short-term
IPT [47] as well as those that may benefit from continuous
therapy [48]. However, there is little enthusiasm for performing
TST in programmes. If addition of TST to existing clinical
screening algorithms could additionally help stratify those who
should further be evaluated by culture, this might prove useful.
However, the possibility that this utility may be location specific
means the TST should be validated prospectively in multi-
variable clinical models in other similar settings.

Our study had limitations. CXR was not included in our
multivariable assessment as radiography was not part of our
pre-IPT screening protocol. The decision not to include radio-
graphy in our 2007 protocol was based on national IPT guidelines
and supported by data from two IPT trials, one local [8] and the
other a study that evaluated the value of CXR for Botswana’s

TABLE 4 Multivariable logistic regression estimates for culture-positive disease in clinical model with and without tests of
tuberculosis (TB) infection

Multivariable predictors A. Clinical model B. With TST (5 mm) C. With QFT-GIT D. With TST (5 mm) and QFT-GIT

Clinical

Not on ART at screening 1.2 (0.60–2.4) 1.2 (0.60–2.5) 1.3 (0.63–2.6) 1.3 (0.62–2.6)

Weight ,60 kg 2.3 (1.3–4.1) 2.6 (1.4–4.7) 2.6 (1.4–4.8) 2.8 (1.5–5.1)

No prior TB 2.7 (1.2–6.0) 2.5 (1.2–5.6) 2.4 (1.1–5.3) 2.4 (1.1–5.2)

Any one positive TB symptom/sign 3.1 (1.5–6.3) 2.9 (1.4–6.1) 3.0 (1.4–6.3) 2.9 (1.4–6.2)

CD4+ count ,250 cells per mm3 1.5 (0.66–3.4) 1.8 (0.8–4.2) 1.6 (0.7–3.8) 1.8 (0.8–4.2)

Tests of TB infection

TST positive at 5 mm 3.5 (1.9–6.7) 2.7 (1.4–5.4)

QFT-GIT (manufacturer’s cut-offs)

Positive 3.1 (1.6–5.9) 2.1 (1.1–4.3)

Indeterminate 1.5 (0.4–5.4) 1.5 (0.4–5.5)

Negative 1 1

Incremental value performance measures

Hosmer–Lemeshow goodness of fit p-value# 0.791 0.993 0.684 0.895

Akaike information criterion" 351 337 343 336

AUC (95% CI)1 0.72 (0.65–0.80) 0.77 (0.70–0.84) 0.74 (0.67–0.82) 0.78 (0.71–0.85)

AUC comparison p-value1 0.04 0.33 0.02

LRT p-value1 ,0.001 0.002 ,0.001

Data are presented as OR (95% CI), unless otherwise stated. ART: antiretroviral therapy; TST: tuberculin skin test; QFT-GIT: QuantiFERON1-TB Gold in-tube; AUC: area

under the curve; LRT: likelihood ratio test. #: H0 (null): there is no difference between observed and model-predicted probabilities; a p-value closer to 1 indicates good

calibration. ": a small Akaike information criterion infers minimum prediction error. 1: models B–D compared with A. The LRT is for the reduced model nested in the full

model. p,0.05 indicate that the added predictor is statistically important to the model. AUC comparison between the clinical model extended with TST (5 mm) and the

model extended with both TST (5 mm) and QFT-GIT, p50.51.
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national IPT programme [7]. The local study found that CXR
added very little to a clinical algorithm that included two of more
standard TB symptoms and signs. The Botswana study similarly
suggested that screening of TB symptoms alone was adequate to
rule out TB and that CXR added very little (0.2% of 560 HIV
asymptomatic patients screened in the Botswana programme had
TB diagnosed solely on the basis of radiography). However, a
number of studies have since been published on the utility
of CXR in the pre-IPT evaluation of HIV-infected patients but,
overall, with inconclusive results. Based on four such studies
(n52,805), a WHO-led patient meta-analysis suggested that the
addition of CXR results to their best clinical rule increased
sensitivity from about 79% to 90% but decreased specificity
further from 50% to 40% [12]. This will unlikely be a useful rule-in
strategy for a clinical setting in a high-burden country. This lack
of consensus on the utility of the CXR in the pre-IPT evaluation of
HIV infected patients is further reflected in the recently published
WHO guidelines for intensified TB case-finding and IPT for
people living with HIV in resource-constrained settings, a symp-
toms screen and not CXR is mandated [49].

A single sputum specimen, ultrasonically induced in some
cases, was sent for microscopy and culture. It is possible that
more culture-positive disease may have been diagnosed if more
than one sample had been sent. All samples were processed
in an accredited laboratory according to strict protocols to pre-
vent cross-contamination. Our clinical model included absolute
weight rather than body mass index. Although this potentially
simplifies clinical algorithms, it may not be very useful at the
level of the individual.

Our study also had strengths. First, this was a large, single-centre
study undertaken in the context of high TB incidence and among
HIV-infected patients, either already on ART or about to
commence ART, evaluated for TB prevention. It focused on a
difficult-to-diagnose group of smear-negatives. Secondly, our
multivariable models were developed on a large dataset that
included a small number of a priori determined predictors, and
the ratio of TB cases to the number of parameters in our models
was around the cited rule of thumb of 1:10, therefore limiting
model over-fitting [50]. Furthermore, selection of predictors was
based on clinical judgment and published literature and not just
on statistical significance (p-values/Akaike information criterion).
Thirdly, objective measures of incremental value and the tests’
ability to discriminate TB patients from those without TB were
used, thus going beyond conventional standard test accuracy.

In summary, QFT-GIT, in its current formulation, does not
improve the discriminatory ability of current TB screening
clinical algorithms and should not be used alone to rule out or
rule in active TB prior to IPT provision. However, an improved
IGRA might provide greater clinical utility. Further research is
required to improve IGRAs either through the addition of new
antigens or the evaluation of different cytokine biomarkers.
Evaluation of new TB diagnostics for clinical relevance should
follow a multivariable process that goes beyond test accuracy.
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