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At a glance commentary
Scientific Knowledge on the Subject: Interferon-γ release assays (IGRAs) are routinely used for the
diagnosis of latent infection with M. tuberculosis, but only few, mostly monocentric studies have
evaluated the impact of IGRAs to predict the development of tuberculosis in recent contacts in low
incidence countries of tuberculosis.
What This Study Adds to the Field: Progression towards tuberculosis is generally low in contacts of
tuberculosis patients in Western Europe and poorly predicted by either IGRA. The number needed
to treat to prevent one case of incident tuberculosis with chemotherapy among IGRA-positive
close contacts was 37 with the T-SPOT.TB test and 38 with the QuantiFERON-Gold in-Tube test,
respectively.

Online data supplements: This article has an online data supplement, which is accessible from this
issue's table of content online at www.atsjournal.org.

Key words: Tuberculosis, TB, LTBI, IGRA, QuantiFERON, T-SPOT.TB
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Abstract
Rational: Latent infection with Mycobacterium tuberculosis is defined by a positive interferon-γ
release assay (IGRA) result in the absence of active tuberculosis.
Objectives: Only few, mostly monocentric studies have evaluated the role of IGRAs to predict the
development of tuberculosis in recent contacts in low incidence countries of tuberculosis. We
analyzed IGRA results and the effect of preventive chemotherapy on tuberculosis progression
rates among recent contacts.
Methods: Results from contact investigations at 26 centers in 10 European countries including
testing for latent infection with Mycobacterium tuberculosis by the QuantiFERON-Gold in-Tube
(QFT) test or the T-SPOT.TB (TSPOT) were prospectively collected and analyzed.
Main Results: Among 5,020 contacts of 1,023 index cases, 25 prevalent secondary cases were
identified at screening. Twenty-four incident cases occurred among 4,513 contacts during 12,326
years of cumulative follow-up. In those with a positive IGRA result, tuberculosis incidence was 0.2
(QFT) and 0 (TSPOT) per 100 patient years when contacts received preventive chemotherapy
versus 1.2 (QFT) and 0.8 (TSPOT) per 100 patient years in those not treated (38 and 37 patients
needed to be treated to prevent one case, respectively). Positive and negative predictive values
were 1.9% (95%CI 1.1-3.0) and 99.9% (95%CI 99.7-100) for the QFT and 0.7% (95%CI 0.1-2.6) and
99.7% (95%CI 99.1-99.9) for the TSPOT.
Conclusions: Tuberculosis rarely developed among contacts and preventive chemotherapy
effectively reduced the tuberculosis risk among IGRA-positive contacts. Although the negative
predictive value of IGRAs is high, the risk for the development of tuberculosis is poorly predicted
by these assays.
.
6
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Introduction
Contact investigation is an important part of the global policy for the control of tuberculosis (1).
Especially in geographical areas of the world with a low tuberculosis incidence, e.g. Western
Europe, contact investigation is part of the procedures recommended by national guidelines for
tuberculosis control (2). Contact investigation detects secondary cases of tuberculosis who
developed the disease in the same population. In addition, it aims to identify contact persons
latently infected with Mycobacterium tuberculosis who are at risk for later development of
tuberculosis and who may benefit from a preventive treatment and/or close clinical surveillance
(3).
In healthy individuals who are latently infected with Mycobacterium tuberculosis direct detection
of viable mycobacteria is not possible by current routine microbiological culture or molecular
methods. Therefore, latent infection with M. tuberculosis is ascertained indirectly by the
evaluation of the presence of an adaptive immune response to antigens of M. tuberculosis in the
absence of active disease (4). Adaptive immune response is classically assayed by the tuberculin
skin test (5-7), and more recently, by interferon-γ release assays (IGRAs; QuantiFERON-Gold inTube (QFT) test, Qiagen, Hilden, Germany or T-SPOT.TB (TSPOT) test, OxfordImmunotec,
Abingdon, UK) (8).
A large number of publications describe the use of IGRAs for the diagnosis of latent infection with
M. tuberculosis. However, only few studies have evaluated their role in predicting the
development of tuberculosis in recent contacts in low tuberculosis incidence countries (9-12). As
these studies were mono-centric, their results may not be representative.
To gain more generalizable data and to ascertain the role of IGRAs in predicting the risk for
tuberculosis in recent contacts the Tuberculosis Network European Trialsgroup (TBNET; www.tb7
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net.org) (13) performed an international, multi-center, observational cohort study in Western
Europe.

Methods
Study population and data collection
Contacts of tuberculosis index cases for whom an IGRA (QFT or TSPOT) was performed as part of
the routine screening procedure according to national guidelines (Table S1) were consecutively
recruited between April 2009 and March 2011 from European healthcare facilities and followed up
for the occurrence of tuberculosis until March 2013. Contacts living in the same household as the
index patient were defined as close contacts/relatives. Contacts with short but intensive contact
not living in the same household were defined as close contacts/not relatives. Those not belonging
to these categories but having contact to an index patient during work, school activities, leisure, or
travel for more than 8 hours were defined as prolonged contacts. When contact investigation was
considered to be necessary by the responsible public health authorities, although the intensity and
duration of exposure could not be verified, contacts were defined as other contacts.
Data on demographic, epidemiological, and clinical parameters, data related to the conditions of
M. tuberculosis exposure, IGRA test results, and the decision for preventive chemotherapy were
electronically recorded on a structured questionnaire, pseudonymized and transmitted to the
coordinating center (Research Center Borstel, Germany), where potential inconsistencies or
missing entries were assessed. Completion of follow up data included information whether the
patient was still alive or died, was lost to follow-up, was transferred out, or whether she/he
developed tuberculosis after 24 months following enrollment in the study. Follow-up information
on the occurrence of tuberculosis after initial testing was actively carried out by the participating
8
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centers; however, the proportion of contacts completing preventive chemotherapy was not
recorded.
When tuberculosis cases were notified among the contacts before the median interval between
index case notification and contact case notification (i.e., 81 days) they were considered to be
prevalent; the others were considered to be incident. The ethics committee of the coordinating
center (University of Lübeck, Germany) approved the study.
Statistical analysis
According to the IGRA results (i.e., positive, negative, and indeterminate) demographic,
epidemiological, and clinical variables were analyzed using relative frequencies (percentages). The
risk of development of tuberculosis during the follow-up in patients exposed and not exposed to
preventive chemotherapy was measured by computing the incidence density and its 95%
confidence intervals (CI).
The diagnostic test performances of QFT and TSPOT test were evaluated by calculating sensitivity,
specificity, positive and negative likelihood ratios and positive and negative predictive values.
Logistic regression analyses were performed using different cut-offs in order to prove the best
value for tuberculosis diagnosis for both QFT (0.35, 0.7, 1.0, 4.0 IU IFN-γ /ml) and TSPOT (5, 9, 20
spot forming cells (sfc)/250,000).
Statistical analysis was carried out using STATA®13 (StataCorp, College Station, TX, USA).

Results
Study population
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Twenty-six centers in 10 European countries (Table S2) were enrolled in the study and collected
data on 1,023 index cases and 5,020 contacts (Figure 1). Mean age of the index cases was 41.0
years (standard deviation (SD) 19.5). Five hundred and ninety-nine (58.6%) of the index cases were
male. The median (interquartile range) number of contacts per index case was 2 (1-4). For 3,895
(77.6%) of the contacts IGRA testing was performed by QFT and in 1,125 (22.4%) by TSPOT. Among
all contacts, 1,367/5,020 (27.2%) had a positive IGRA test result (1,068/3,895, 27.4%, for QFT and
299/1,125, 26.6%, for TSPOT). The proportion of positive test results was highest in the age group
5 to 14 years (43.1%), among contacts of smear-positive index cases (41.8%) and among close
relatives (45.4%). Indeterminate test results were observed in only 27/5,020 tests (0.5%) (Figure 1,
Table 1).

Prevalent and incident cases
The median interval between index case notification and contact case notification was 81 days.
Within this interval of contact screening, 25/5,020 (0.5%) prevalent cases of tuberculosis were
identified. Of those 18/23 (78.3%) had symptoms or an abnormal chest X-ray at the time of
screening (for 2 cases information was not available). In addition, 24/4,513 (0.5%) cases of
secondary incident tuberculosis occurred during the follow-up period, with a range of 84-968 days
after the screening of the index case, (Table 2) among the 89.9% contacts for whom complete
follow-up data were available (Figure 1, Table S3). Thirty-one cases of tuberculosis occurred
among 1,022 close relatives (3%) against 18 among 3,998 other contacts (0.5%). Twenty-one cases
occurred among 495 contacts aged 0 to 14 years (4,2%), against 28 among 4,525 older contacts
(0.6%).

10
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Preventive chemotherapy was offered to 1,485 contacts and initiated in 971 (793/1,367, 58.0%,
with a positive IGRA and 176/3,653, 4.8%, with a negative IGRA). Contacts with a negative IGRA
result were more likely to receive preventive chemotherapy when they were less than 15 years of
age (p<0.0001), closely related to the index case (p<0.0001) or foreign born (p<0.003).

Progression rates to tuberculosis
The progression rate to tuberculosis was generally low (Table 3). Overall 14/421 (3.3%) QFT
positive contacts and 2/73 (2.7%) TSPOT positive contacts without preventive chemotherapy
developed tuberculosis during follow up of a median of 2.5 years (interquartile range (IQR): 1.93.5). Among contacts with a positive QFT test at screening who started preventive chemotherapy
3/481 cases (0.6%) of tuberculosis occurred, after 47, 95, and 125 days of therapy, respectively. In
contrast 3/2,419 (0.1%) and 2/722 (0.3%) cases of tuberculosis occurred among QFT and TSPOT
negative individuals in the absence of preventive chemotherapy. No cases of tuberculosis occurred
during follow-up in QFT (n=104) or TSPOT (n=58) negative individuals and TSPOT (n=208) positive
individuals who received preventive chemotherapy.

Predictive values
While the negative predictive values were 99.9% (95% CI: 99.7-100.0) for the QFT and 99.7%
(95%CI: 99.1-99.9) for the TSPOT, positive predictive values were only 1.9% (95%CI 1.1-3.0) for the
QFT and 0.7% (95%CI 0.1-2.6) for the TSPOT (Table 4). Both IGRAs poorly predicted the
development of tuberculosis.

11
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Number needed to treat
The number needed to treat to prevent a case of tuberculosis in case of a positive IGRA was 38
and 37 for QFT and the TSPOT, respectively; in case of a negative IGRA the number needed to
treat was 807 and 361 for QFT and the TSPOT, respectively (Table 3).

Cut-offs for positive IGRA test results
We ascertained whether the cut-offs for the concentration of IFN-γ in the QFT or of the number of
spot-forming-cells (sfc) in the TSPOT that define a positive test result had an influence on the
ability to predict tuberculosis. The incidence ratios varied between 0.017 and 0.024 when cut-offs
between the 0.35 and >10 IU/ml for the IFN-γ concentration in the QFT were tested. The incidence
ratio for a QFT test result below 0.35 IU IFN-γ /ml was 0.001.
Similarly, various cut-offs between >4 sfc/250,000 and >50 sfc/250,000 in the TSPOT had
comparable incidence ratios for tuberculosis, ranging between 0.007 and 0.01, while the incidence
ratio for tuberculosis for a cut-off <5 sfc/250,000 was 0.003. Logistic regression analysis
demonstrated that the current QFT cut-off is the best predictor for progression to active
tuberculosis, showing an area under the curve (AUC) of 0.779 (P< 0.0001). The TSPOT cut-off of 5
sfc/250,000 showed the best AUC (i.e., 0.615), although no TSPOT cut-offs were statistically
significant (Table S4).

Discussion
We evaluated the role of IGRAs in predicting the risk for tuberculosis in contacts in an
international, multi-center prospective, observational cohort study carried out in Western Europe.
12
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The main findings from this study are that the risk of tuberculosis is comparatively low in
tuberculosis contacts in this geographic region irrespectively of the IGRA test result, that
preventive chemotherapy is highly effective to reduce the risk of tuberculosis in contacts with a
positive IGRA result and that IGRAs predict poorly the development of tuberculosis during the first
2 years after screening. Our results highlight the limitations of IGRAs to function as a basis for the
decision to initiate preventive chemotherapy in tuberculosis contacts or other populations at risk
for the development of tuberculosis in low tuberculosis incidence countries (14-17).
This prospective observation of 5,020 tuberculosis contacts in 26 centers in 10 European countries
demonstrated that the proportion of infected contacts, defined by a positive IGRA test result, is
approximately one quarter of the population screened but that the occurrence of tuberculosis
during the follow-up time of 2.5 years on average is actually a rare event. Prevalent and incident
tuberculosis were observed more frequently among close contacts, among contacts of smearpositive cases and among young contacts below the age of 14 years. More than 96.5% of contacts
with a positive IGRA result did not develop tuberculosis, even in the absence of preventive
chemotherapy. However, contacts with a positive IGRA result have a relatively higher risk of
tuberculosis than contacts with a negative result. Despite the limited impact, immunodiagnostic
testing for latent infection with M. tuberculosis is still the most efficient way to reduce the number
needed to treat to prevent a case of tuberculosis in contacts (18). The prescription of preventive
treatment in contacts decreased the risk of subsequent tuberculosis (from 1.20 to 0.23/100
persons-years for contacts with a positive QFT and from 0.81 to 0/100 persons-years for contacts
with a positive TSPOT), however confounding by indication could not be excluded by the study
design.
Several studies assessed the proportion of tuberculosis and latent infection with M. tuberculosis
among contacts of index cases. A large meta-analysis concluded that the proportion of prevalent
13
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cases of tuberculosis among contacts was 4.5% and the proportion of latent infection (defined by
a positive tuberculin skin test) was 51.4% (19). This meta-analysis did not evaluate the number of
incident cases who were diagnosed after screening. A more recent meta-analysis found similar
rates of tuberculosis and latent infection in contacts living in low-income (and high-incidence)
countries, with 3.1% and 51.5% prevalent tuberculosis and latent infection respectively, but lower
rates in high-income (and low prevalence) countries, with 1.4% prevalent cases of tuberculosis and
28.1% latent infection (20). The proportion of prevalent tuberculosis and latent infection was
higher among contacts of smear-positive index cases (20). Studies from single centers or regions in
countries with low/intermediate incidence of tuberculosis demonstrated comparable rates of
prevalent tuberculosis and latent infection among contacts to our study (1.5%/35.0% in Australia
(21); 0.8%/18.1% in Portugal (22); 1.0%/27.8% (23) and 2.0%/36.0% in the US (24), respectively)
We found a similar proportion of prevalent (0.5%) and incident (0.6%) secondary tuberculosis. The
distribution of prevalent and incident cases detected in the course of contact tracing depends on
the interval definition of prevalence following screening and the observation period. In a recent
study from the Netherlands prevalence for secondary cases was defined as the occurrence within
180 days of screening (11). Applying that definition to the secondary cases in our cohort, the
number of prevalent cases would have been >2 times the number of incident cases (33 prevalent
cases and 16 incident cases). The decrease in the number of incident cases among contacts with a
positive IGRA result who received preventive treatment (from 3.2% to 0.4%) is comparable to the
decrease observed in a study from the US (from 1.5% to 0.4%) (23).
The contacts of extra-European origin, born in countries with a prevalence of tuberculosis higher
than in Western Europe, had a higher rate of IGRA positivity (up to 50% among Africans),
indicating that a large proportion of the positive test results among the contacts may be the
consequence of a remote exposure in the country of birth and not the result of the current
14
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contact. A study among US army recruits demonstrated that subjects born in a country with a high
incidence of tuberculosis had a much higher frequency of positive TST (23.8%) and IGRA (9.5% for
QFT and 11.1% for TSPOT) than recruits born in a low-incidence country (1.1., 1.6 and 1.4%
respectively) (25). This highlights the difficulty in the interpretation of test results among migrants,
who may represent a large proportion of index cases and contacts in some regions in Europe (26,
27).
This study underlines the fact that investigation of the close contacts of a case of tuberculosis
reveals additional cases of active tuberculosis who will benefit from a full course of treatment.
Using a higher cut-off for the definition of latent infection with M. tuberculosis did not
substantially change the risk for the development of tuberculosis in this study. This is an important
finding, which contrasts with previous results from Germany suggesting that raising the cut-off of
the QFT could result in an improvement in the prognostic value of this test (9, 12).
As half of the tuberculosis cases observed among contacts (25/49) were detected during the first
81 days following the notification of the index case, contact investigation has an important role in
detecting cases who are already active and may further spread M. tuberculosis. For the detection
of such cases, the screening with IGRA is of limited sensitivity and specificity and one must rely on
the history of complaints, the clinical examination and the chest radiograph of suspected cases. In
some settings, where the contact investigation was performed several weeks or months after the
notification of the index case, some incident cases were detected at screening. In such case also,
the screening with IGRA was not helpful but the detection of tuberculosis relied on clinical and
radiological signs. Screening with IGRAs seems only helpful in contacts without symptoms and
with a normal chest radiograph at the time of screening, in order to identify those with recent
latent infection who have the greatest benefit from a preventive therapy. This also highlights the
fact that screening contacts for latent infection should be performed soon after the notification of
15
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index cases, preferably 8 weeks following the last contact to allow generation of an adaptive M.
tuberculosis-specific immune response (28). We suspect that in some cases, late screening was
performed because some contacts developed symptoms of tuberculosis in the meantime.
In practice, among contacts with a positive IGRA, the risk of future tuberculosis is low but can be
further reduced by a preventive treatment. Among contacts with a negative IGRA at screening
without additional risk factors for tuberculosis (like young age or immunosuppression), one may
confidently assume a negligible risk of future tuberculosis, unless they are re-exposed and infected
later. In our study, among 5 contacts with a negative IGRA result at screening who developed
tuberculosis, 2 were young children (2 and 8 years), one adult was immunocompromized. Among
the 5 cases, 2 adults and one child were diagnosed with tuberculosis between one and three years
after the notification of the index case, so that we cannot exclude another exposure or an
additional risk factor.
The risk for tuberculosis observed in this study was lower than in some previous monocentric
studies (9, 10) but similar to others (10). Globally, the percentage of cases observed among
contacts (1% within two years) was lower than the traditionally mentioned figures of 10% (29),
half of it during the initial period after screening. The risk observed among contacts with a positive
IGRA but no active tuberculosis at screening and who did not receive preventive chemotherapy
(3.2% for the QFT and 2.7 for the TSPOT) is similar to those reported before (30). We may
speculate that in some studies the population of contacts included more migrants from highprevalence countries with a corresponding higher rate of latent infection and higher risk of
reactivation of tuberculosis (27), whereas in our study the vast majority of contacts (3885/5020)
were of European origin. A recent study from a single center in the Netherlands reported a global
cumulative risk of tuberculosis (prevalent and incident) of 9.5% among 4774 contacts within 5
years or a risk of incident tuberculosis of 2,4% for contacts with LTBI at screening who did not start
16
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a preventive chemotherapy (11). Progression rates to tuberculosis in that study were very similar
to our data although the impact of preventive treatment on the risk for tuberculosis was less
obvious.
Our results confirm previous studies demonstrating that prescribing preventive treatment in
contacts latent infection with M. tuberculosis decreased the risk of future tuberculosis (31-33),
despite a comparatively high number needed to treat to prevent one case. As we do not know for
all individuals if the preventive treatment was really followed until the scheduled end in the
contacts who did not develop tuberculosis, this assumption is probably an underestimation and
the protective effect may be higher. Only 3 among 24 contacts who developed incident
tuberculosis were prescribed a preventive treatment, which was followed for 47, 95 and 125 days,
respectively, and was likely not sufficient to offer a significant protective effect. The other 21
contacts who developed tuberculosis did not receive preventive chemotherapy despite a positive
IGRA test result. This clearly underlines the fact that persons with a documented tuberculosis
contact and a positive IGRA result may benefit from a preventive treatment. Recent guidelines
from the WHO propose to offer a preventive treatment to persons living in countries with a low or
medium incidence of tuberculosis who have latent tuberculosis infection and additional risk
factors for the development of tuberculosis, like HIV infection, recent contact with a case of
pulmonary tuberculosis, TNF-antagonists treatment, dialysis, silicosis or organ or hematologic
transplantation (1, 34). The fact that only 58% of contacts with recent exposure and latent
infection with M. tuberculosis received a preventive treatment illustrates poor adherence to
previous recommendations. Recent surveys from Germany demonstrated that in some federal
states of this country less than 30 % of contacts with a positive IGRA test result received
preventive chemotherapy (9, 12, 35), whereas in other settings the adherence after prescription
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may reach up to 80% (36). It is hoped that rates of preventive treatment for latent infection with
M. tuberculosis will increase now that new guidelines have been issued by the WHO (1).
This study has several limitations. One of them is the fact that the procedures for contact
investigations followed different national recommendations and were not standardized.
Therefore, the results are not fully comparable between the centers and rather represent
operational data. Similarly, we could not control for the laboratory procedures and cannot exclude
technical differences in the IGRA procedure between the centers. Furthermore, although the
centers were instructed to register all contacts for each index case, we cannot exclude a selection
bias in that some centers probably tended to include in priority contacts with a positive IGRA
result. This may have induced an overestimation of the risk of subsequent tuberculosis but does
not change the magnitude of the effect of preventive treatment. Although 26 centers in 10
different European countries participated in this study, centers were selected on their agreement
to participate in the country and may not be representative for their country or other countries in
Western Europe.
On the other side, the strength of this study is its multi-centric and multi-national character that
allows representativeness beyond single centers or regions, the large population of contacts, and
the high proportion of contacts with follow-ups (in spite of the fact that many contacts were
foreign-born migrants who may move from one region to another during the follow-up).
In conclusion, we found that progression towards tuberculosis is generally low in contacts of
tuberculosis patients in Western Europe and poorly predicted by either IGRA, and that in contacts
without signs of infection this risk is even lower. Although preventive chemotherapy effectively
reduced the risk for tuberculosis among IGRA-positive contacts, identification of individuals at risk
for the development of tuberculosis could be improved substantially by more predictive
biomarkers.
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Figures and Tables
Figure 1 legend: Flow chart of test results and occurrence of secondary cases with tuberculosis
(TB) in tuberculosis contacts included in the study. Secondary cases were defined as prevalent, if
they were detected within the median interval between index case notification and contact case
notification of 81 days found in this study. QFT = Quantiferon-Gold in-Tube test; TSPOT = TSPOT.TB test; TB = tuberculosis.
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Table 1: IGRA results among contacts by demographic characteristics
IGRA neg.

IGRA pos.

IGRA ind.

Total. n (%)

3626 (72.2)

1367 (27.2)

27 (0.5)

5020 (100.0)

Female

2027 (55.9)(74.5)

678 (49.6)(24.9)

16 (59.3)(0.6)

2720 (54.2)

Male

1599 (44.1)(69.5)

689 (50.4)(30.0)

11 (40.7)(0.5)

2299 (45.8)

0- to 4-yr-old

73 (2.0)(76.0)

23 (1.7)(24.0)

0 (0.0)(0.0)

96 (1.9)

5- to 14-yr-old

226 (6.2)(56.6)

172 (12.6)(43.1)

1 (3.7)(0.3)

399 (7.9)

15- to 34-yr-old

1561 (43.0)(75.9)

481 (35.1)(23.4)

15 (55.6)(0.7)

2057 (41.0)

35- to 64-yr-old

1613 (44.5)(73.0)

585 (42.8)(26.5)

9 (33.3)(0.4)

2207 (44.0)

65-yr-old and older

138 (3.8)(58.2)

97 (7.1)(40.9)

2 (7.4)(0.8)

237 (4.7)

Unknown

15 (0.4)(62.5)

9 (0.7)(37.5)

0 (0.0)(0.0)

24 (0.5)

Close. relatives

549 (15.1)(53.7)

464 (33.9)(45.4)

9 (33.3)(0.9)

1022 (20.4)

Close not related but intensive

711 (19.6)(70.3)

296 (21.7)(29.3)

5 (18.5)(0.5)

1012 (20.2)

Prolonged. work

1792 (49.4)(77.8)

502 (36.7)(21.8)

9 (33.3)(0.4)

2303 (45.9)

Other

573 (15.8)(84.1)

104 (7.6)(15.3)

4 (14.8)(0.6)

681 (13.6)

1 (0.0)(50.0)

1 (0.1)(50.0)

0 (0.0)(0.0)

2 (0.0)

Total. n (%)
Sex of contact. n (col %) (row %)

Age group. n (col %) (row %)

Type of contact. n (col %) (row %)

Unknown

Place of birth of contacts. n (col %) (row %)
Africa

120 (3.3)(48.8)

124 (9.1)(50.4)

2 (7.4)(0.1)

246 (4.9)

Americas

219 (6.0)(61.3)

134 (9.8)(37.5)

4 (14.8)(1.1)

357 (7.1)

Asia

299 (8.3)(64.4)

161 (11.8)(34.7)

4 (14.8)(0.9)

464 (9.2)

Europe

2938 (81.0)(75.6)

931 (68.1)(24.0)

16 (59.3)(0.4)

3885 (77.4)

Oceania

2 (0.1)(100.0)

0 (0.0)(0.0

0 (0.0)(0.0

2 (0.0)

Unknown

48 (1.3)(72.7)

17 (1.2)(25.8)

1 (3.7)(1.5)

66 (1.3)

QFT

2803 (77.3)(71.9)

1068 (78.1)(27.4)

24 (88.9)(0.6)

3895 (77.6)

TSPOT

823 (22.7)(73.1)

299 (21.9)(26.6)

3 (11.1)(0.3)

1125 (22.4)

Screening test. n (col %) (row %)

Preventive chemotherapy. n (col %) (row %)
Not initiated

3127 (86.2)(88.5)

383 (28.0)(10.8)

23 (82.1)(0.7)

3533 (70.4)

Initiated

499 (13.8)(33.6)

982 (71.8)(66.1)

4 (14.8)(0.3)

1485 (29.6)
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0 (0.0)(0.0)

2 (0.2)(100.0)

0 (0.0)(0.0)

2 (0.0)

3414 (94.2)(85.1)

574 (42.0)(14.3)

25 (92.6)(0.6)

4013 (79.9)

Received

176 (4.9)(18.1)

793 (58.0)(81.7)

2 (7.4)(0.2)

971 (19.3)

Unknown

36 (1.0)(100.0)

0 (0.0)(0.0)

0 (0.0)(0.0)

36 (0.7)

3624 (99.9)(72.5)

1344 (98.2)(26.9)

27 (100.0)(0.6)

4995 (99.5)

3 (0.1)(12.5)

22 (1.8)(87.5)

0 (0.0)(0.0)

25 (0.5)

Preventive therapy. n (col %) (row %)
Not received

Prevalence TB. n (col %) (row %)
Non-prevalent cases
Prevalent cases
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Table 2: Characteristics of 24 incident patients who developed tuberculosis during follow up

QFT

TSPOT

(IU/ml)

(sfc/250.000)

no

2.17

-

sputum
smear+

no

0.38

-

work

sputum
smear+

no

13.99

-

Poland

relative

sputum
smear+

no

21.94

-

United Kingdom

United Kingdom

relative

sputum
smear+

yes

12.07

-

male

Nicaragua

Spain

work

sputum
smear+

yes

11.05

-

2

male

United Kingdom

United Kingdom

close

sputum
smear+

yes

0.24

-

155

56

male

Poland

Poland

close

sputum
smear /culture+

no

5.66

-

182

49

male

Switzerland

Switzerland

relative

sputum
smear+

no

-

0

231

11

male

China

Spain

close

sputum
smear+

no

3.67

-

Time since index
case notification

Age

84

8

female

Spain

Spain

relative

sputum
smear+

84

43

female

United Kingdom

United Kingdom

relative

87

21

male

Latvia

United Kingdom

99

1

female

Poland

112

14

female

125

47

133

Sex

Country of origin

Country of residence

Contact type

Index case

PT
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261

37

female

Sri Lanka

Switzerland

relative

sputum
smear+

no

-

8

331

13

female

Pakistan

Spain

relative

sputum
smear+

no

1.46

-

332

11

female

Pakistan

Spain

relative

sputum
smear+

no

13.24

-

343

70

female

Bangladesh

United Kingdom

relative

sputum
smear+

no

0.08

-

no

21.94

-

344

29

female

Poland

Poland

relative

sputum
smear /culture+

372

60

male

Poland

Poland

work

sputum
smear+

no

0.8

-

394

15

female

Pakistan

Spain

relative

sputum
smear+

no

14.79

-

400

36

male

United Kingdom

United Kingdom

other

sputum
smear+

no

2.045

-

427

31

female

Poland

Poland

relative

sputum
smear /culture+

no

0.52

-

444

26

female

Somalia

United Kingdom

other

sputum
smear /culture-

no

0.07

-

476

24

female

Pakistan

Spain

relative

sputum
smear+

no

3.09

-

810

25

male

Eritrea

Switzerland

relative

sputum

no

-

50

26
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smear+
882

17

male

Bolivia

Spain

968

8

female

France

Spain

work
close

sputum
smear+

no

1.08

-

sputum
smear+

no

-

1

27
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Table 3. Development of tuberculosis during follow-up depending on IGRA test result and preventive chemotherapy.

Test result

n

Prophylaxis

TB cases

Progression rate (%)

Person time (Years)

Incidence/100 py

negative

2419

no

3

0.12

6349.8

0.047

negative

104

yes

0

0

326.4

0

positive

421

no

14

3.33

1169.1

1.198

positive

481

yes

3

0.62

1296.5

0.231

negative

722

no

2

0.28

1790.1

0.112

negative

58

yes

0

0

316.1

0

positive

73

no

2

2.73

247.8

0.807

positive

208

yes

0

0

829.7

0

Number
needed to
treat

QFT

807

38

TSPOT

361

37

28
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Table 4: Diagnostic performance of the Quantiferon-Gold in-Tube (QFT) test and the TSPOT.TB (TSPOT) test for active tuberculosis in contacts.

TSPOT

QFT

95% Confidence Interval
Sensitivity (%)

85.0

62.1 – 96.6

Specificity (%)

74.0

72.5 – 75.5

Positive Likelihood Ratio

3.3

2.7 – 4.0

Negative Likelihood Ratio

0.2

0.1 – 0.6

Positive Predictive Value (%)

1.9

1.1 – 3.0

Negative Predictive Value (%)

99.9

99.7 – 100.0

Sensitivity (%)

50.0

8.3 – 91.7

Specificity (%)

73.6

70.8 – 76.2

Positive Likelihood Ratio

1.9

0.7 – 5.1

Negative Likelihood Ratio

0.7

0.3 – 1.8

Positive Predictive Value (%)

0.7

0.1 -2.6

Negative Predictive Value (%)

99.7

99.1 – 99.9
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TSPOT

QFT

Table 5: Concentration of IFN-γγ in the QuantiFERON–Gold in-Tube (QFT) test and net
number of spot forming cells (sfc)* in the T-SPOT.TB (TSPOT) test and 2.5 year risk for
tuberculosis in contacts not receiving preventive chemotherapy

IFN-γγ concentration
(IU/ml)

n

Incident TB cases

Ratio

< 0.35

2410

3

0.001

> 0.35

1015

17

0.017

> 0.7

796

15

0.019

> 1.0

740

14

0.019

> 1.4

677

13

0.019

> 2.0

615

12

0.020

> 5.0

441

8

0.018

> 10.0

287

7

0.024

SFC

n

Incident TB cases

Ratio

<5

784

2

0.003

>4

305

2

0.007

>7

271

2

0.007

> 10

246

1

0.008

> 20

204

1

0.005

> 50

102

1

0.010

> 100

40

0

-

> 200

1

0

-

*highest value of sfc in response to either ESAT-6 or CFP-10 antigen
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Flow chart of test results and occurrence of secondary cases with tuberculosis (TB) in tuberculosis contacts
included in the study. Secondary cases were defined as prevalent, if they were detected within the median
interval between index case notification and contact case notification of 81 days found in this study. QFT =
Quantiferon-Gold in-Tube test; TSPOT = T-SPOT.TB test; TB = tuberculosis.
414x294mm (300 x 300 DPI)
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Supplementary data
Table S1: Comparison of national guidelines for tuberculosis contact investigations in European countries from which centers participated in
this study.

Austria1

Denmark2

Germany3

Italy4

Poland5

Portugal6

Slovakia7

Spain8

Switzerland9

UK10

National TB
contact
investigation
guideline present?

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Is there a
recommended
delay for
performing
screening for TB
and LTBI in adults

no

8-12 weeks after the
notification of the
index case

8 weeks after the
notification of the
index case

8-10 weeks after the
notification of the
index case

8 weeks after the
notification of the
index case

8 weeks after the
notification of the
index case

6 weeks after the
notification of the
index case

no

8 weeks after the
notification of the
index case

no

Is re-screening
recommended if
screening was
performed within
8 weeks of the last
contact to the
index case?

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

TST or IGRA

TST or IGRA

IGRA

BCG-unvaccinated:
TST

TST or IGRA

TST or IGRA

TST or IGRA

BCG-unvaccinated:
TST

TST or IGRA

TST followed by IGRA
if positive (only
contacts <36 y. are
screened)

yes

yes

Which screening
method for LTBI
is recommended
in symptom-free
contacts ?

(in children <5 y.:
TST)

(in
immunocompromize
d hosts a negative
TST should be
confirmed by an
IGRA)

(in
immunocompromize
d hosts and children
< 5 y. a negative TST
should be confirmed
by an IGRA)

In
immunocompromize
d hosts and children
<5 y.:
TST and IGRA

BCG-vaccinated: TST

BCG-vaccinated:
IGRA

(if the TST is positive
it must be confirmed
by an IGRA)

Is a CXR
recommended if a
TST or IGRA

yes

yes

yes

yes

yes

yes
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result is positive ?
For whom is
preventive
therapy
recommended?

- in children < 6y.
who are recent
contacts
chemoprevention is
recommended when
the TST or IGRA is
negative;
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 3 months

- < 35 y. recent
contacts with
positive TST or IGRA
- individual
judgement by the
attending physician
in recent contacts
with positive TST or
IGRA > 35 y.

- recent contacts with
positive TST or IGRA

- in children < 5y.
who are recent
contacts
chemoprevention is
recommended when
the TST or IGRA is
negative;
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 2 months

- in children < 5y.
who are recent
contacts
chemoprevention is
recommended when
the TST or IGRA is
negative;
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 8-10 week

- recent contacts with
positive TST or IGRA

- recent contacts with
positive TST or IGRA
(depending on BCGvaccination status)

- in children < 5y.
who are recent
contacts
chemoprevention is
recommended when
the TST or IGRA is
negative;
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 2 months

- in children < 5y.
who are recent
contacts
chemoprevention is
recommended when
the TST or IGRA is
negative,
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 2 months

- recent contacts with
positive TST or IGRA
- < 35 y. recent
contacts with
positive TST or IGRA

- in
immunocompromize
d hosts who are
recent contacts
chemoprevention is
also recommended
when the TST or
IGRA is negative

What is the
preferred
treatment for
LTBI ?

- in children < 5y.
who are recent
contacts
chemoprevention is
also recommended
when the TST or
IGRA is negative;
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 2 months

- in
immunocompromize
d hosts who are
recent contacts
chemoprevention is
also recommended
when the TST or
IGRA is negative

- recent contacts with
positive TST or IGRA

- recent contacts with
positive TST or IGRA
< 35 y.
- individual
judgement by the
attending physician
in recent contacts
with positive TST or
IGRA > 35 y

- in children < 5y.
even when the TST
or IGRA is negative.
PT may be stopped if
TST/IGRA is still
negative at retesting
after 2 months
- recent contacts with
positive TST or IGRA

- in children and
teenager who are
recent contacts
chemoprevention is
recommended when
the TST or IGRA is
negative;
chemoprevention is
discontinued when
the TST or IGRA
result is still negative
after 2 months
- in recent contacts
who are
immunocompromize
d any TST induration
is indicative

- isoniazid

- isoniazid

- isoniazid

- isoniazid

- isoniazid

- isoniazid

- isoniazid

- isoniazid

- isoniazid

(daily over 9 months)

(daily over 6 months)

(daily over 9 months)

(daily over 6 months)

(daily over 6-9
months)

(daily over 6-9
months)

(daily over 6 months)

(daily over 6-9
months)

(daily over 9 months)

---------

---------

--------

---------

children: 10 mg/kg

adults: 5 mg/kg

adults: 5 mg/kg

Isoniazid in adults:

-----

or
or

dosage
adults: 5 mg/kg

children: 10 mg/kg

children: 200

mg/m2

---------

5 mg/kg
in children: 10 mg/kg

(daily over 3 months)

- isoniazid

or

adults: 5 mg/kg
children: 10 mg/kg

A

(daily over 6 months)

--------- isoniazid and
rifampicin

- recent contacts with
positive TST and
IGRA < 36 y.

Isoniazid in adults: 5
mg/kg

or
- isoniazid and
rifampicin

or
- isoniazid and
rifampicin

(daily over 3 months)
children: 10 mg/kg

(daily over 3 months)

---------

---------

- rifampicin

Isoniazid in adults:

isoniazid

(daily over 4 months)

5 mg/kg

in adults: 5 mg/kg

in children: 5-10
mg/kg

in children: 5-10
mg/kg

rifampicin in adults
and children: 10
mg/kg

rifampicin in adults
and children: 10
mg/kg

if > 16 y. and HIVB
- isoniazid
--------(daily over 6 months)
in HIV+
Isoniazid in adults:
C
5 mg/kg
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in children: 10 mg/kg

- rifampicin
(daily over 6 months)

rifampicin in adults
and children: 10
mg/kg

in isoniacid
resistance in persons
<36 y.
D
- special
recommendations
apply to neonates
and children
--------dosage
recommendations
are not provided

Is a CXR follow-up
recommended?

Is it
recommended to
document
completion of
preventive
therapy ?

yes

yes

yes

- 1 year after
completion of PT

- 3 and 6 months
after start of PT

or

or

- 9 months after
screening if PT was
not taken or at the
end of PT

- 1 year after the
diagnosis of LTBI if
PT was not taken

- 6 and 12 months
after the last contact
if PT was not taken

yes

yes

no

no

no

no

no

no

no

yes
- 3 and 12 months
after the last contact
if PT was not taken

no

yes

yes

yes

yes

yes

yes

BCG = Mycobacterium bovis Bacille Calmette Guérin; CXR = chest x-ray; IGRA = interferon–γ release assay; PT = preventive chemotherapy; TST = tuberculin skin test.
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Table S2 : Recruitment centers, index cases, contacts and secondary TB patients

Follow-up
complete
Country

Center

Austria
Denmark
Italy
Italy
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Poland
Portugal
Slovakia
Spain
Spain
Spain
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
Switzerland
United
Kingdom

Wien
Aarhus
Milan
Rome
Bochum
Braunschweig
Göttingen
Hannover
Luebeck
Minden
Wilhemshaven
Cracow
Villa Nova de Gaia
Visne Hagy
Aviles
Badalona
Barcelona
Aargau
Fribourg
Genève
St. Gallen
Ticino
Valais
Vaud
Zürich

Index
cases
n
12
49
61
73
1
9
12
80
48
12
6
17
32
6
29
3
252
23
13
13
1
8
15
28
72

London

41.7
100.0
98.6
82.5
100.0
100.0
95.7
93.2
97.9
100.0
100.0
100.0
1.2
100.0
100.0
100.0
99.5
65.0
93.2
1.3
100.0
100.0
25.0
94.3
98.7

Prev.
cases
n
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
19
0
0
0
0
0
0
0
0

Inc.
cases
n
0
0
0
0
0
0
0
0
0
0
0
5
0
0
0
0
9
0
1
0
0
0
0
0
2

All TB
cases
n
0
2
0
0
0
0
0
0
0
0
0
5
0
0
0
0
28
0
1
0
0
0
0
0
2

506

99.0

4

7

11

4513

89.9

25

24

49

Contacts
n

n

%

24
164
142
229
143
18
349
673
335
66
103
176
84
25
164
74
662
223
44
158
4
21
56
122
450

10
164
140
189
143
18
334
627
328
66
103
176
1
25
164
74
659
145
41
2
4
21
14
115
444

148

511

1023

5020
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Table S3: Demographic characteristics among contacts with follow-up, stratified by IGRA
results

IGRA neg.

IGRA pos.

IGRA ind.

Total. n (%)

3303 (73.2)

1183 (26.2)

27 (0.6)

4513 (100.0)

Female

1878 (56.9)(75.7)

588 (49.7)(23.7)

16 (59.3)(0.6)

2482 (55.0)

Male

1425 (43.1)(70.2)

595 (50.3)(29.3)

11 (40.7)(0.5)

2031 (45.0)

0- to 4-yr-old

68 (2.1)(80.0)

17 (1.4)(20.0)

0 (0.0)(0.0)

85 (1.9)

5- to 14-yr-old

216 (6.5)(56.3)

167 (14.1)(43.5)

1 (3.7)(0.3)

384 (8.5)

15- to 34-yr-old

1408 (42.6)(76.2)

424 (35.8)(23.0)

15 (55.6)(0.8)

1847 (40.9)

35- to 64-yr-old

1475 (44.7)(74.7)

490 (41.4)(24.8)

9 (33.3)(0.5)

1974 (43.7)

65-yr-old and older

132 (4.0)(60.3)

85 (7.2)(38.8)

2 (7.4)(0.9)

219 (4.9)

Unknown

4 (0.1)(100.0)

0 (0.0)(0.0)

0 (0.0)(0.0)

4 (0.1)

Close. relatives

495 (15.0)(55.4)

389 (32.9)(43.6)

9 (33.3)(1.0)

893 (19.8)

Close not related but intensive

658 (19.9)(71.9)

252 (21.3)(27.5)

5 (18.5)(0.6)

915 (20.3)

Prolonged. work

1587 (48.1)(77.6)

449 (38.0)(22.0)

9 (33.3)(0.4)

2045 (45.3)

Other

562 (17.0)(85.4)

92 (7.8)(14.0)

4 (14.8)(0.6)

658 (14.6)

1 (0.0)(50.0)

1 (0.1)(50.0)

0 (0.0)(0.0)

2 (0.0)

Total. n (%)
Sex of contact. n (col %) (row %)

Age group. n (col %) (row %)

Type of contact. n (col %) (row %)

Unknown

Place of birth of contacts. n (col %) (row %)
Africa

113 (3.4)(49.3)

114 (9.6)(49.8)

2 (7.4)(0.9)

229 (5.1)

Americas

212 (6.4)(61.8)

127 (10.7)(37.0)

4 (14.8)(1.2)

343 (7.6)

Asia

280 (8.5)(65.3)

145 (12.3)(33.8)

4 (14.8)(0.9)

429 (9.5)

Europe

2648 (80.2)(76.8)

785 (66.4)(22.8)

16 (59.3)(0.5)

3449 (76.4)

Oceania

2 (0.1)(100.0)

0 (0.0)(0.0)

0 (0.0)(0.0)

2 (0.0)

Unknown

48 (1.5)(78.7)

12 (1.0)(19.7)

1 (3.7)(1.6)

61 (1.4)

QFT

2523 (76.4)(73.2)

902 (76.3)(26.2)

24 (88.9)(0.7)

3449 (76.4)

TSPOT

780 (23.6)(73.3)

281 (23.8)(26.4)

3 (11.1)(0.3)

1064 (23.6)

Screening test. n (col %) (row %)

Preventive chemotherapy. n (col %) (row %)
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Not initiated

2821 (85.4)(88.2)

353 (29.8)(11.0)

0 (0.0)(0.0)

3197 (70.9)

Initiated

482 (14.6)(36.7)

829 (70.1)(63.0)

4 (14.8)(0.3)

1315 (29.1)

Unknown

0 (0.0)(0.0)

1 (0.1)(100.0)

0 (0.0)(0.0)

1 (0.0)

3141 (95.1)(85.8)

494 (41.8)(13.5)

25 (92.6)(0.7)

3660 (81.1)

162 (4.9)(19.0)

689 (58.2)(80.8)

2 (7.4)(0.2)

853 (18.9)

3298 (99.8)(73.5)

1164
(98.4)(25.9)

27 (100.0)(0.6)

4489 (99.4)

5 (0.2)(20.8)

19 (1.6)(79.2)

0 (0.0)(0.0)

24 (0.5)

Preventive therapy. n (col %) (row %)
Not received
Received
Follow-up TB. n (col %) (row %)
Non-incident cases
Incident cases
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TSPOT

QFT

Table S4. Logistic regression analysis of the IGRA results using different cut-offs

Test result

OR
(95% CI)

p-value

AUC

0.35

13.67 (4.00 – 46.74)

<0.0001

0.779

0.70

10.08 (3.65 – 27.82)

<0.0001

0.760

1.00

8.61 (3.30 – 22.48)

<0.0001

0.743

4.00

4.14 (1.68 – 10.19)

0.002

0.631

5

2.70 (0.38 – 19.23)

0.323

0.615

9

1.06 (0.11 – 10.23)

0.960

0.505

20

4.30 (0.44 – 41.86)

0.209

0.589
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