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Abstract
Background: BCG-vaccination can confound tuberculin skin test (TST) reactions in the diagnosis
of latent tuberculosis infection.
Methods: We compared the TST with a Mycobacterium tuberculosis specific whole blood
interferon-gamma assay (QuantiFERON®-TB-Gold In Tube; QFT-G) during ongoing investigations
among close contacts of sputum smear positive source cases in Hamburg, Germany.
Results: During a 6-month period, 309 contacts (mean age 28.5 ± 10.5 years) from a total of 15
source cases underwent both TST and QFT-G testing. Of those, 157 (50.8%) had received BCG
vaccination and 84 (27.2%) had migrated to Germany from a total of 25 different high prevalence
countries (i.e. >20 cases/100,000). For the TST, the positive response rate was 44.3% (137/309),
whilst only 31 (10%) showed a positive QFT-G result. The overall agreement between the TST and
the QFT-G was low (κ = 0.2, with 95% CI 0.14.-0.23), and positive TST reactions were closely
associated with prior BCG vaccination (OR 24.7; 95% CI 11.7–52.5). In contrast, there was good
agreement between TST and QFT-G in non-vaccinated persons (κ = 0.58, with 95% CI 0.4–0.68),
increasing to 0.68 (95% CI 0.46–0.81), if a 10-mm cut off for the TST was used instead of the
standard 5 mm recommended in Germany.
Conclusion: The QFT-G assay was unaffected by BCG vaccination status, unlike the TST. In close
contacts who were BCG-vaccinated, the QFT-G assay appeared to be a more specific indicator of
latent tuberculosis infection than the TST, and similarly sensitive in unvaccinated contacts. In BCGvaccinated close contacts, measurement of IFN-gamma responses of lymphocytes stimulated with
M. tuberculosis-specific antigen should be recommended as a basis for the decision on whether to
perform subsequent chest X-ray examinations or to start treatment for latent tuberculosis
infection.
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Background
Even in countries with a low tuberculosis (TB) incidence,
population-based studies have recently revealed a high
frequency of transmission of Mycobacterium tuberculosis
(MTB) by applying classical epidemiological and molecular strain-typing techniques [1-5]. Routine contact tracing
of infectious TB cases to detect individuals at high risk of
being exposed to MTB, and to offer treatment for them if
they test positive for latent TB infection (LTBI), are key
components of TB control programs in developed countries. Although the epidemiological logic of treating LTBI
– aiming to decrease the incidence of TB and subsequently
diminish further MTB transmission – is clear, the success
of treating populations at TB risk has been limited by the
lack of a definitive diagnostic test for LTBI.
The tuberculin skin test (TST) introduced by Mantoux has
been widely used as the screening test of choice to identify
individuals with LTBI for more than a century. One of its
intrinsic problems, however, is its cross-reactivity with
antigens present in other mycobacteria, such as the Mycobacterium bovis bacillus Calmette-Guerin (BCG) vaccine
strain, the most widely used vaccine ever, and non-tuberculous mycobacterial (NTM) species. Therefore, alternative diagnostic tools for the detection of LTBI have been
explored. Two proteins from M. tuberculosis, ESAT-6 and
CFP-10, stand out as suitable antigens that induce a strong
IFN-γ-secreting CD4 T-cell-mediated immune response to
infection [6,7] and are absent in M. bovis BCG and most
NTM's, with the exceptions of M. szulgai, M. marinum, and
M. kansasii.
A new diagnostic test for LTBI, QuantiFERON®-TB Gold In
Tube (QFT-G), employs whole blood collected and incubated with overlapping peptides representing the TB antigens ESAT-6 and CFP-10 along with a peptide from
another TB-specific antigen, TB7.7 (Rv 2654). For this version of QFT-G, evacuated tubes are pre-coated with control and test antigens and the blood-collection tubes also
serve as the incubation vessels. The QFT-G test measures
the amount of IFN-γ produced by Tcells previously
exposed to MTB when they are stimulated with the TBspecific antigen during overnight incubation. Whereas the
sensitivity of the QFT-G assay appears at least comparable
to that of the TST for the detection of active MTB disease
[8,9], the specificity of the test has been demonstrated as
superior to that of the classical TST, especially in BCG-vaccinated persons [8,10]. However, the efficacy of the QFTG test for detecting LTBI in recent contacts of infectious
source cases has so far only been addressed in a country
with intermediate MTB incidence [10] (as opposed to the
low MTB incidence encountered in most European countries and the USA) or in a predominantly teenage group
[11], or in studies involving the analysis of singular outbreaks [12,13]. Until now, the QFT-G assay has not been

http://respiratory-research.com/content/7/1/77

evaluated for routine use in close contacts in a low-incidence setting.
The city of Hamburg (one of the German federal states
and, with 1.73 million residents, the second largest city in
Germany) is particularly affected: in 2004, Hamburg had
a TB incidence rate of 12.0 per 100,000. This rate is higher
than in any of the other fifteen German federal states, and
in recent years, against the national downward trend, it
has been rising [14]. Hamburg has also the highest proportion of foreign residents, 14.1%, compared with a German national average of 8.8% reported for 31 December
2004 [15]. By conducting an ongoing comparison study
using both the Mantoux and QFT-G test simultaneously in
routine contact tracing, two main questions were
addressed: (i) How well do TST and QFT-G results correlate and what are the presumed reasons for divergent
results? (ii) What are the consequences of actions to be
taken on the basis of these results under the "real life" conditions of contact tracing in a metropolis?

Methods
Study population
Close contacts of sputum-smear-positive source cases
were prospectively enrolled into the study over a 6-month
period from May 1st to October 31st 2005. "Close" contacts were defined as household and intimate contacts;
these also comprised employees who had demonstrable
continuous exposure to the source case, or pupils sharing
the same classroom. According to the definition of Behr et
al. [16] in any case the total (aggregate) exposure time was
not less than 40 hours prior to the diagnosis of the respective index case; the estimated minimum time of contact
was recorded for each contact person in four-hour windows (40–43 hours, 44–47 hours etc.). Contacts with
only occasional exposure and an exposure time less than
40 hours to the source case during the presumed period of
infectiousness were not included in the study. All individuals agreed to participate in the study by written consent.

Each individual was interviewed by trained public-health
staff using a standardized questionnaire. Information was
obtained on: the contact's sex, date and country of birth,
nationality, immigration status (if applicable), number of
weeks of residence in Hamburg (if necessary, augmented
by official records of the local residents' registry), current
address (or whether the contact was homeless), the nature
of the contact's current employment (if any), the nature of
contact to the source case, the time interval between the
most recent suspected exposure date and the date of diagnosis of the source case, details of any previous contact
tracing, results of previous tuberculin skin testing and
chest radiographic findings, BCG vaccination status (if
details were unclear, this was augmented by inspection of

Page 2 of 9
(page number not for citation purposes)

Respiratory Research 2006, 7:77

http://respiratory-research.com/content/7/1/77

Table 1: Demographic and behavioral characteristics of the study
participants

Variables
Age of contacts (years) – mean (± SD)
Previous BCG vaccination
Origin (Foreign/German)
Residence time (weeks) – mean (± SD)
Exposure time (hours) – mean (± SD)
Previous contact tracing; TST results
No. of contacts per source – mean (± SD)
Foreign places of birth

n
28.5 (± 10.5)
157 (50.8%)
84 (27.1%)/ 225 (72.9%)
535.4 (± 394)
221 (± 273)
8; 1 TST-positive
20 (± 13)
25

the BCG vaccination scar), and associated medical problems (especially HIV infection).
IFN-γ release assay and Mantoux TST
The QFT-Gin-tube methodology (Cellestis Ltd, Carnegie,
Australia) involves two processes: (1)collection of whole
blood into an evacuated tube containing TB-specific antigens and a control tube, and incubating overnight, and
(2) measurement of IFN-γ production by ELISA in harvested plasma. Venous bloodwas collected from each subject before administration of Mantoux TST intotwo
heparinised blood tubes calibrated to draw 1 ml of blood.
The control tube contained onlyheparin, asa negative control; the heparinised TB antigentubecontained dried overlapping peptides representing the entire sequences of
ESAT-6 and CFP-10 and a peptide from the TB
antigenTB7.7 (Rv 2654, amino acids 38–55). The tubes
were shaken and immediately incubated at 37°C for16–
24 hours, after which they were centrifuged and plasma
harvested. Plasma was kept refrigerated at 4–6°C until the
ELISA was performed. The IFN-γ ELISA was performed
using the method recommended by the manufacturer
[17]. IFN-γ values (IU/ml) for the TB-specific antigenstimulated plasmaswere corrected for background by subtracting the valueof the subject's respectivenegative control. The cut off value for a positive test was IFN-γ ≥0.35
IU/ml, as recommended by the manufacturer, andalso
derived in previous studies [8,13].

For the TST, 0.1 ml of tuberculin 10 GT Behring (Chiron
Bering, Marburg, Germany; equivalent to about 5 TU of
PPD-S) was injected intradermally into the volar aspect of
the forearm and transverse induration diameter was measured 72 hours later. Individuals performing the TST were
blinded to QFT-G results and vice-versa.
Statistical analysis
Categorical data were compared by the χ-squared test (or
Fisher's exact test, when expected cell sizes were smaller
than five). The Wilcoxon rank sum test was performed to
determine whether the distribution of continuous varia-

bles differed between two groups. Concordance between
the results of the TST and QFT-G tests was assessed by
using κ coefficients, both for contacts with and without
BCG vaccination. Kappa values below 0.4 indicate weak
correlation, values of 0.41–0.60 indicate good agreement
and values above 0.6 strong agreement [18]. Logistical
regression was used to estimate odds ratios (ORs) of positive responses to each test for each of the variables measured. Variables included were age, sex, origin at birth
(German or foreign), history of BCG vaccination and
exposure time of the contacts to a source case. All p values
reported are based on two-tailed comparisons, with statistical significance set at p < 0.05.

Results
The contact investigations yielded a total of 311 persons
with identified risk of LTBI due to their exposure to sputum-smear-positive source cases. Two contacts did not
come back for their TST to be read and were not used in
the final analysis. Thus, 309 contacts of a total of 15 different sputum-smear-positive source cases formed the
study population, the demographic and clinical features
of which are described in Table 1. None of the contacts
reported that they were seropositive for HIV, undergoing
haemodialysis, currently being treated with corticosteroids or other immunosuppressives, known to have a
malignant disease or diabetes mellitus or having recently
been immunized with live vaccines. As there was no evidence of suspicion of immunosuppression for any of the
contacts, an optional PHA mitogen control tube for the
QFT-G test was not performed for this study.
The number of close contacts per source case varied
between 1 and 39 individuals; the mean exposure time (±
SD) was 221 (± 273) hours, with a range from 40 to 1004
hours (the latter corresponding to 42 days).
Of the 309 contacts, 225 (72.8%) were born in Germany,
while 84 (27.2%) had migrated to Germany from a total
of 25 different countries. All of the migrants came from
high-incidence MTB countries (defined as those having an
incidence of 20 or more cases per 100,000 inhabitants
[19]), including 20 individuals from countries of the
former Soviet Union and 18 from Turkey. The mean
period between the date of entry to Germany and the date
of contact tracing was 535.4 ± 394 weeks, with a range
from 39 to 1601 weeks. The mean age of the contacts was
28.5 ± 10.5 years (range 14–53) and there were only
slightly more female contacts (n = 160, 51.8%) than male.
Only 8 contacts had previously been involved in contact
tracing or in an employment-related investigation, and of
these only one had given a positive TST result at that time
(and was TST-positive as well as QFT-G -positive in the
present study).
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All Contacts
309 (100%)

TST +
137 (44.3%)

QFT +
28 (20.4% of TST +)

TST –
172 (55.7%)

QFT –
109 (79.6% of TST +)

QFT +
3 (1.7% of TST – )

QFT –
169 (98.3% of TST – )

Figure 1 of the QFT-G test in a population of close contacts
Application
Application of the QFT-G test in a population of close contacts

Overall, 137 of the 309 contacts (44.3%) developed an
induration greater than 5 mm at the TST site and of these
28/137 (20.4%) were positive by QFT-G, whereas 3 of the
172 (1.7%) who had a negative TST result were QFT- G
positive (Figure 1). Employing other TST cut offs, 64/309
(20.7%) had an induration of more than 10 mm, and 25
(8.1%) of more than 15 mm. According to the current
German guidelines [20], the lowest of these three sizes
was taken as a cut off for positivity in the test. The patients
with positive TST results had a mean age (± SD) of 29.0 (±
11.1) years which did not differ from those with negative
TST (28.1 ± 10.0, n.s.); they were also similarly distributed
by sex, but they differed in respect of origin: 58/84
(69.0%) foreign-born persons gave a positive TST result,
compared with 79/225 (35.1%, p<0.001) of those born in
Germany.
Of all contacts, 157 of 309 (50.8%) had received BCG vaccination (see Figure 2). Of these, 110 (70.1%) gave a positive TST result. However, of the 152 contacts who had not
received BCG vaccination, only 27 (17.8%) gave a positive TST result (p<0.0001). Fifty of the 84 (59.5%) foreignborn had been previously BCG-vaccinated, compared
with 107/225 (47.6%) of those born in Germany (n.s.).
For all positive induration sizes (i.e. >5 mm), the mean
induration size (± SD) of the TST was 11.2 (± 4.3) mm in
the BCG-vaccinated TST-positives and 12.1 (± 4.9) mm in
the unvaccinated contacts, but this difference was not statistically significant. Thirteen contacts (4.2%) had an
induration size of 5 mm and just failed to reach a positive
result (= 6 mm), and 16 (5.2 %) had a response of exactly
6 mm. However, there were only two QFT-G results (0.38,

0.39, both TST positive at 10 and 11 mm) close to its cut
off of 0.35 IU/ml: Most of the negative results were 0.0 (n
= 138) or nearly 0, the mean of positive results was 7.37
IU/ml (ranging from 0.38–21.43 IU/ml).
In contrast to the high rate of TST positivity as described
above, only 31 of the 309 contacts (10%) showed a positive QFT-G result. For those with a history of BCG vaccination, none of the 47 TST-negative contacts were QFT-G
positive, and 14 of 110 TST-positive contacts (12.7%, p =
0.01) were positive in both tests (see Figure 2 a). For those
contacts not BCG vaccinated, 14 of 27 TST-positive contacts (51.9%) and 3 of 125 non-vaccinated TST-negative
contacts (2.4%, p< 0.0001) were QFT-G-positive.
Overall agreement between TST and QFT-G was low (κ =
0.20, 95% CI 0.14–0.23;), with concordant results in only
197/309 (63.8%). Broken down by TST result, this corresponded to concordance in 169/172 (98.3%) contacts
with TST-negative results, but only 28/137 contacts
(20.4%) with TST-positive results. Concordance between
the two tests was poor in those BCG vaccinated (38.9%; κ
= 0.08, 95% CI 0.026–0.08), but was high (89.5%; κ =
0.58, 95% CI 0.4–0.68) in those who had not been vaccinated (Figure 2 a). There was no correlation between
either TST-positive or QFT-G-positive results and the different times of exposure of the contacts to their source
cases (data not shown).
We also examined the possibility that adopting a higher
cut off point for positivity in the TST might also result in
higher levels of agreement between the two tests. Follow-

Page 4 of 9
(page number not for citation purposes)

Respiratory Research 2006, 7:77

http://respiratory-research.com/content/7/1/77

a) TST induration cut off 5mm

• BCG vaccinated

QFT-Gold

>5mm
TST

5mm

LTBI

No LTBI

14
8.9%

96
61.1%

Count
% of Total

0
0%

47
29.9%

Count
% of Total

Agreement (14+47)/157 = 38.9% (kappa = 0.08)

• Unvaccinated

QFT-Gold

>5mm
TST
5mm

LTBI

No LTBI

14
9.2%

13
8.6%

Count
% of Total

3
2%

122
80.3%

Count
% of Total

Agreement (14+122)/152 = 89.5% (kappa = 0.58)

b) TST induration cut off 10mm

• BCG vaccinated

QFT-Gold

>10mm
TST

10mm

LTBI

No LTBI

14
8.9%

36
22.9%

Count
% of Total

0
0%

107
86.2%

Count
% of Total

Agreement (14+107)/157 = 77.1% (kappa = 0.35)

• Unvaccinated

QFT-Gold
LTBI
>10mm

TST

10mm

No LTBI
Count

11

3

7.2%

2%

% of Total

6

132

Count

3.9%

86.8%

% of Total

Agreement (11+132)/152 = 94.1% (kappa = 0.68)

Figureof2BCG vaccination on agreement of TST and QFT-G as shown in 2x2 contingency tables
Effect
Effect of BCG vaccination on agreement of TST and QFT-G as shown in 2x2 contingency tables :
a) TST induration cut off 5 mm
b) TST induration cut off 10 mm
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Table 2: Results of multiple logistical regression: Odds ratio for a positive TST (tuberculin skin test) result

a)
TST (5 mm cut off)
BCG vaccination
Age
Sex
Origin (Foreign/ German)
Previous contact tracing
Exposure time

Odds ratio

95% confidence interval

p

12.6
1.0
1.3
5.4
1.7
1.0

6.9–22.7
0.98–1.04
0.72–2.24
2.7–10.6
0.3–10.9
0.99–1.0

<0.0001
0.5 (n.s.)
0.4 (n.s.)
<0.0001
0.6 (n.s.)
0.6 (n.s.)

Odds ratio

95% confidence interval

p

4.8
1.05
1.5
7.3
0.6
1.0

2.3–9.6
1.01–1.08
0.8–2.9
3.7–14.3
0.05–7.4
0.99–1.0

<0.0001
0.005
0.2 (n.s.)
<0.0001
0.7 (n.s.)
0.99 (n.s.)

b)
TST (10 mm cut off)
BCG vaccination
Age
Sex
Origin (Foreign/German)
Previous contact tracing
Exposure time

ing the current guidelines of the American Thoracic Society [21], we raised the cut off of a positive result from 5 to
10 mm, a cut off diameter that is normally recommended
for persons who are at increased risk, but are not close
contacts. This caused an increase in the κ value between
TST and QFT-G response in the BCG-vaccinated contacts
to0.35 (95% CI 0.24–0.35) and, for the non-vaccinated
contacts, to 0.68 (95% CI 0.46–0.81) representing strong
agreement. However, even when applying a 10 mm cut off
for the TST (Figure 2 b), more of the non-vaccinated contacts were QFT-G-positive (17/152; 11.2%) than positive
by the TST (14/152; 9.2%, n.s.), suggesting at least a trend
to a greater sensitivity for the QFT-G test. In contrast, for
those BCG-vaccinated, a similar rate of QFT-G-positive
responses were seen (14/157; 8.9%), but significantly
more (p < 0.001) were positive by the TST (50/157;
31.8%), suggestive of poor specificity of the TST in the
BCG-vaccinated group.
In the logistical regression analysis, the estimated odds of
having a positive TST result in close contacts (at a cut off

of 5 mm) were nearly 13 times higher (OR 12.6, 95% CI
6.9–22.7; p < 0.0001) in BCG-vaccinated contacts (Table
2 a), while foreign origin led to an fivefold increase in risk
(OR 5.4, 95% CI 2.7–10.6, p < 0.0001). At a cut off of 10
mm (Table 2 b) the odds of having a positive TST result in
BCG-vaccinated was reduced but still highly significant
(OR 4.8, 95% CI 2.3–9.6, p < 0.0001). The QFT-G test
results, however, were only associated with foreign origin
as an independent predictor (Table 3).
All individuals with a positive QFT-G and a positive TST
were offered nine months of INH treatment for LTBI with
a daily uptake of 300 mg INH as recommended by the current German guideline [20]. Of these 28 persons, 15
(54%) accepted this offer. None of the contacts persons
has developed a TB disease up to now.

Discussion
In a routine contact investigation setting, our findings
showed an increase in the incidence of TST positive reactions in BCG vaccinated persons, while QFT-G was unaf-

Table 3: Results of multiple logistical regression: Odds ratio for a positive QFT-G (QFT-Gold) result

QFT-G
BCG vaccination
Age
Sex
Origin (Foreign/German)
Previous contact tracing
Exposure time

Odds ratio

95% confidence interval

p

0.7
1.0
1.4
4.7
3.9
1.0

0.3–1.4
0.98–1.1
0.6–3.2
2.1–10.5
0.6–24.1
0.99–1.0

0.29 (n.s.)
0.5 (n.s.)
0.4 (n.s.)
<0.0001
0.1 (n.s.)
0.8 (n.s.)
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fected. Both tests had similar rates of positive result in
unvaccinated persons, and were more frequently positive
in foreign born individuals predominantly from high TB
incidence countries.
While some recently-published studies showed that the
degree of exposure of contacts to the source case is usually
more closely correlated with a positive result in a whole
blood IFN-γ assay [8,10-13] or the detection of MTB-specific T-cells in an ELISPOT [22-24] than with a positive
TST reaction, we investigated possible differences between
TST and QFT-G test results within the same risk level of
exclusively close contacts. Neither test showed clear correlation with estimated time of exposure. However, all contacts had a minimum of 40 hours of exposure to their
respective index case and were thus deemed "close contacts". A possible explanation for this finding is that there
is only a small increase in the chance of becoming infected
during exposure times exceeding 40 hours.
Since the TST is still regarded by many as the gold standard for the diagnosis of LTBI, official guidelines [20,21]
currently require that a positive test result in close contacts
should be followed by treatment. However, the TST only
offers an indirect diagnosis of LTBI and can lead to a substantial number of false-positive test results, decreasing its
PPV [13]. This contact study of infectious TB source cases
in a German metropolis reveals two crucial points that
affect a decision to start treatment for presumed LTBI on
the basis of a positive TST. First, in absolute numbers,
nearly one half (137/309, 44.3%) of the close contacts
were TST-positive, but there were more than four times as
many TST-positive persons among those contacts who
had previously been BCG-vaccinated (110/137 = 80.3%
vs. 27/137 = 19.7%, p < 0.0001) indicating the likelihood
of a false positive reaction due to cross-reactivity with M.
bovis BCG strains. Secondly, we found that more than onehalf of the contacts (157/309, 50.3%) had previously
been BCG vaccinated, and this was independent of their
origin (German or foreign-born) and their age, because
even in Germany BCG vaccination was recommended up
to March 1998.
Of note was the finding that persons who were BCG vaccinated and QFT-G-positive were more likely to have TST
responses >10 mm than those QFT-G-positive, but unvaccinated. This suggests that BCG vaccination plays an
important role in the routine immunological memory of
MTB infection, and may prime the immune system to
respond more strongly to the TST after MTB infection. In
this situation accepting the QFT-G response as the gold
standard validates a 10 mm TST cut off for BCG vaccinated
persons as the minimum induration size on which a decision for treatment for LTBI can be based.
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As one might expect, our study demonstrates – with a κ
value of 0.08 – a poor correlation between the results of
TST and those of the QFT-G assay among BCG-vaccinated
contacts. However, it was surprising that even in unvaccinated contacts QFT-G failed to confirm nearly 50% of
positive TST results – there were only 14 QFT-G-positives
(52%) among 27 TST-positive contacts – when the induration cut off for the TST was set to 5 mm diameter. This
indicates at least four possible explanations.
The first is that QFT-G is not sensitive enough to confirm
true LTBI, thus producing false negative IFN-γ -assay
results. However, there is no evidence for this assumption,
because in three contacts there were positive QFT-G
results while their TST response was negative, whereas the
rest of the TST/QFT-G-negative group showed excellent
concordance (122/125, 97.6%). The second possibility is
that the 5 mm cut off of TST representing a positive result,
used to achieve increased sensitivity in high-risk persons,
is too low, because of an overestimation of the true intensity of exposure of a contact and must therefore be raised.
The fact that increasing the cut off to 10 mm resulted in a
strong agreement (κ = 0.68) between the results from TST
and those from QFT-G in the non-vaccinated population
seems to support the influence of BCG as a confounder of
the TST. There were only 3 (2%) QFT-G negative but TST
positive responses >10 mm in the non-vaccinated group,
and 6 (4%) QFT-G positive but TST negative, indicating
QFT-G is equally or more sensitive than the TST in nonvaccinated persons. This corresponds to the results of
other studies, in which a strong agreement between TST
and ELISPOT could be seen when a diameter of 10 mm
was used as cut off from the start [25]. Only 3 of the 13
non-vaccinated contacts with TST responses between 5
and 10 mm were QFT-G positive, suggesting that QFT-G
was able identify those with TST responses in this range
that were truly infected with MTB.
The third possibility is that, as in the case of BCG vaccination, there are cross-reactivities with other mycobacteria.
Antigen preparations from non-tuberculous mycobacteria
(NTM; generally M. avium or M. intracellulare) have been
used in a large number of studies and countries to determine the rate of immune reactivity to NTM in various
populations [26-30]. These studies indicate that asymptomatic NTM infections are common, and can be responsible for up to or more than 50% of 5–14 mm and as high
as 19% of = 15 mm PPD reactions in low TB incidence
populations. Thus, following the published studies worldwide on this topic, TST positivity of 8.6% of the close contacts who are QFT-G-negative and not previously BCG
vaccinated in our study, could explain a number of false
positive reactions, as due to NTM.

Page 7 of 9
(page number not for citation purposes)

Respiratory Research 2006, 7:77

http://respiratory-research.com/content/7/1/77

No BCG

BCG Vaccinated

QFT-Gold responses
(IU/mL IF N-gamma)

20

20

(n=6)

10

(n=11)

10

1.0

1.0

0.5

0.5

(n=132)

(n=3)

0.0

(n=0)

(n=14)

(n=107)

(n=36)

0.0

0

5

20
15
10
TST responses (mm)

25

0

5

10
15
20
TST responses (mm)

25

Figure and
QFT-G
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The fourth possibility is that the QFT-G test, which relies
on the presence of antigen-dependent immediate effector
T-cells, is detecting current or more active infection, while
the TST, which can detect central memory T cell responses
is detecting past, dormant or resolved infection [31].
Of course, some contacts are definitely known a priori not
to have been BCG-vaccinated and to have been very intensively exposed, e.g. by intimate contact with a source case
within the family. If there is such evidence, a positive TST
result will generally be sufficient to determine MTB infection. Such information, however, is rarely provided in the
often complex mix of different settings and contact numbers in routine contact tracing. This is especially the case
as BCG is normally given at infancy and therefore most
people cannot recall having received it, and searching for
a BCG scar might be an insensitive indicator of vaccination. Therefore, MTB-specific whole-blood INF-γ tests
should be recommended as a confirmation for a given TST
result, if a subsequent INH treatment for LTBI is to be
taken into consideration. Increasing the cut off for a positive TST to 10 mm will further increase the probability of
a true MTB-infection, but even in this case some true MTB
infections will be missed, as was probably the case in
2.4% (3 QFT-G-positive, but TST-negative) of the 125
TST-negative close contacts in our study population.
While sensitivity cannot be formally tested in LTBI, the
comparison of QFT-G with TST in BCG unvaccinated contacts indicates similar sensitivity for LTBI. Limited studies

[12] have shown QFT-G-positive individuals do develop
active tuberculosis, but the PPV for a QFT-G test is not yet
established. Clearly, true LTBI is a prerequisite for subsequent TB disease, and if disease cases derive from a
smaller number of positive QFT-G subjects the PPV will be
higher than for the TST. But, while there are reasons for
contacts to be QFT-G- positive and TST-negative which are
evident in the present study, the clinical outcome for such
persons in the absence of treatment for LTBI will determine the final value of the QFT-G test.
In conclusion, the data presented here suggest that a MTBspecific whole-blood INF-γ test (QFT-G) appears to be
more valid method for screening recent contacts for LTBI,
especially when a large number of contacts have previously been BCG-vaccinated or their BCG vaccination status cannot be accurately determined. QFT-G also has
benefits over the TST if contacts have migrated from foreign countries, where NTM infections are prevalent.
Owing to the high specificity of this IFN-γ test, the ESAT6/
CFP-10/TB7.7 based QFT-G assay allows better discrimination between true infection and cross-reactivity, and
can thus circumvent the unpredictable influence of BCG
and NTM on the TST. Availability of MTB-specific wholeblood INF-γ tests – more accurate than the TST – could
lead to a better chance of true positive test results and
thus, in turn, to more systematic use of treatment for LTBI.
In addition, it is suggested that if the TST is to be used, the
cut off should be raised from 5 mm to 10 mm, even for
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close contacts, in order to minimize the large number of
false positive results seen at this cut off.

http://respiratory-research.com/content/7/1/77

12.

Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
RD and TS designed the study and wrote the manuscript.
RD and AN carried out and interpreted the statistical analysis. CL and MF participated in the design of the study and
the data interpretation. KM recruited patients, obtained
medical data and assessed results. All authors read and
approved the final manuscript.

Acknowledgements
The authors would like to thank the staff of the office of TB control at the
Public Health department Hamburg-Central, without this study would not
have been possible. This work was not sponsored by any pharmaceutical
company or other organization.

13.
14.
15.
16.

17.
18.
19.
20.

21.

References
1.

2.

3.

4.

5.

6.
7.

8.

9.

10.

11.

Bradford WZ, Koehler J, El-Hajj H, Hopewell PC, Reingold AL, Agasino CB, Cave MD, Rane S, Yang Z, Crane CM, Small PM: Dissemination of Mycobacterium tuberculosis across the San
Francisco Bay Area. J Infect Dis 1988, 177:1104-1107.
Gutierrez MC, Vincent V, Aubert D, Bizet J, Gaillot O, Lebrun L, Le
Pendeven C, Le Pennec MP, Mathieu D, Offredo C, Pangon B, PierreAudigier C: Molecular fingerprinting of Mycobacterium tuberculosis and risk factors for tuberculosis transmission in Paris,
France, and surrounding area. J Clin Microbiol 1998, 36:486-492.
Van Soolingen D, Borgdorff MW, de Haas PE, Sebek MM, Veen J, Dessens M, Kremer K, van Embden JD: Molecular epidemiology of
tuberculosis in the Netherlands: a nationwide study from
1993 through 1997. J Infect Dis 1999, 3:726-736.
Alland D, Kalkut GE, Moss AR, McAdam RA, Hahn JA, Bosworth W,
Drucker E, Bloom BR: Transmission of tuberculosis in New
York City. An analysis by DNA fingerprinting and conventional epidemiological methods.
N Engl J Med 1994,
330:1710-1716.
Small PM, Hopewell PC, Singh SP, Paz A, Parsonnet J, Ruston DC,
Schecter GF, Daley CL, Schoolnik GK: The epidemiology of
tuberculosis in San Francisco. A population-based study
using conventional and molecular methods. N Engl J Med 1994,
330:1703-1709.
Andersen P, Munk ME, Pollock JM, Doherty TM: Specific immunebased diagnosis of tuberculosis. Lancet 2000, 356:1099-1104.
Wilkinson KA, Wilkinson RJ, Pathan A, Ewer K, Prakash M, Klenermann P, Maskell N, Davies R, Pasvol G, Lalvani A: Ex vivo characterization of early secretory antigen target 6-specific T cells
at sites of active disease in pleural tuberculosis. Clin Infect Dis
2005, 40:184-187.
Mori T, Sakatani M, Yamagishi F, Takashima T, Kawabe Y, Nagao K,
Shigeto E, Harada N, Mitarai S, Okada M, Suzuki K, Inoue Y, Tsuyuguchi K, Sasaki Y, Mazurek GH, Tsuyuguchi I: Specific detection of
tuberculosis infection: an interferon-gamma-based assay
using new antigens. Am J Respir Crit Care Med 2004, 170:59-64.
Ferrara G, Losi M, Meacci M, Meccugni B, Meccugni B, Piro R, Roversi
P, Bergamini BM, D'Amico R, Marchegiano P, Rumpianesi F, Fabbri
LM, Richeldi L: Routine hospital use of a commercial whole
blood interferon-{gamma} assay for tuberculosis infection.
Am J Respir Crit Care Med 2005, 172:631-635.
Kang YA, Lee HW, Yoon HI, Cho B, Han SK, Shim YS, Yim JJ: Discrepancy between the tuberculin skin test and the wholeblood interferon gamma assay for the diagnosis of latent
tuberculosis infection in an intermediate tuberculosis-burden country. JAMA 2005, 293:2756-2761.
Brock I, Munk ME, Kok-Jensen A, Andersen P: Performance of
whole blood IFN-gamma test for tuberculosis diagnosis

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

based on PPD or the specific antigens ESAT-6 and CFP-10.
Int J Tuberc Lung Dis 2001, 5:462-467.
Funayama K, Tsujimoto A, Mori M, Yamamoto H, Fujiwara K,
Nishimura T, Hasegawa N, Horiguchi I, Mori T, Marui E: Usefulness
of QuantiFERON® TB-2G in contact investigation of a tuberculosis outbreak in a university. Kekkaku 2005, 80:527-534.
Brock I, Weldingh K, Lillebaek T, Follmann F, Andersen P: Comparison of tuberculin skin test and new specific blood test in
tuberculosis contacts. Am J Respir Crit Care Med 2004, 170:65-69.
Institut für Hygiene und Umwelt, Hamburg: Meldepflichtige Infektionskrankheiten in Hamburg 2004. Epidemiologischer Bericht :9.
Statistische Ämter des Bundes und der Länder: Gebiet und Bevölkerung – Ausländische Bevölkerung. Ausgabe 2005.
Behr A, Hopewell PC, Paz EA, Kamamura LM, Schecter GF, Small PM:
Predictive value of contact investigation for identifying
recent transmission of Mycobacterium tuberculosis. Am J Respir
Crit Care Med 1998, 158:465-469.
[http://www.cellestis.com].
Sachs L: Angewandte Statistik: Anwendung statistischer
Methoden. 10th edition. Berlin, Springer; 2002.
Euro TB (CESES/KNCV) and the national coordinators for
tuberculosis surveillance in the WHO European Region.
Report on tuberculosis cases notified in 1996 1998.
Schaberg T, Hauer B, Loddenkemper R, Brendel A, Haas W, Just HM,
Loytved G, Meyer C, Rieder HL, Ruden H, Sagebiel D: Latent tuberculosis infection: recommendations for preventive therapy
in adults in Germany. Pneumologie 2004, 58:255-70.
American Thoracic Society. Targeted tuberculin testing and
treatment of latent tuberculosis infection. Am J Respir Crit Care
Med 2000, 161:S221-247.
Ewer K, Deeks J, Alvarez L, Bryant G, Waller S, Andersen P, Monk P,
Lalvani A: Comparison of T-cell-based assay with tuberculin
skin test for diagnosis of Mycobacterium tuberculosis infection in a school tuberculosis outbreak.
Lancet 2003,
361:1168-1173.
Johnson PD, Stuart RL, Grayson ML, Olden D, Clancy A, Ravn P,
Andersen P, Britton WJ, Rothel JS: Tuberculin-purified protein
derivative-, MPT-64-, and ESAT-6-stimulated gamma interferon responses in medical students before and after Mycobacterium bovis BCG vaccination and in patients with
tuberculosis. Clin Diagn Lab Immunol 1999, 6:934-937.
Zellweger JP, Zellweger A, Ansermet S, De Senarclens B, WrightonSmith P: Contact tracing using a new T-cell-based test: better
correlation with tuberculosis exposure than the tuberculin
test. Int J Tuberc Lung Dis 2005, 9:1242-1247.
Hill PC, Fox A, Jeffreis DJ, Jackson-Silah D, Lugos MD, Owiafe PK,
Donkor SA, Hammond AS, Corrah T, Adegbola RA, McAdam KP,
Brookes RH: Quantitative T cell assay reflects infectious load
of Mycobacterium tuberculosis in an endemic case contact
model. Clin Infect Dis 2005, 490:273-278.
Edwards LB, Acquviva FA, Livesay VT, Cross FW, Palmer CE: An
atlas of sensitivity to tuberculin, PPD-B, and histoplasmin in
the United States. Am Rev Respir Dis 1969, 99:1-111.
Larsson LO, Bentzon MW, Lind A, Magnusson M, Sandegard G,
Skoogh BE, Boethius G: Sensitivity to sensitins and tuberculin in
Swedish children. Part 5: A study of school children in an
inland rural area. Tuber Lung Dis 1993, 74:371-376.
Tala-Heikkila M, Nurmela T, Misljenovic O, Bleiker MA, Tala E: Sensitivity to PPD tuberculin and M. scrofulaceum sensitin in
schoolchildren BCG vaccinated at birth. Tuber Lung Dis 1992,
73:87-93.
Bruins J, Gribnau JH, Bwire R: Investigation into typical and atypical tuberculin sensitivity in the Royal Netherlands Army,
resulting in a more rational indication for isoniazid prophylaxis. Tuber Lung Dis 1995, 76:540-544.
Von Reyn, Horsburgh CR, Olivier KN, Barnes PF, Waddell R, Warren
C, Tvaroha S, Jaeger AS, Lein AD, Alexander LN, Weber DJ, Tosteson AN: Skin test reactions to Mycobacterium tuberculosis
purified protein derivative and Mycobacterium avium sensitin
among health care workers and medical students in the
United States. Int J Tuberc Lung Dis 2001, 5:1122-1128.
Dheda K, Udwadia ZF, Huggett JF, Johnson MA, Rook GA: Utility of
the antigen-specific interferon-gamma assay for the management of tuberculosis. Curr Opin Pulm Med 2005, 11:195-202.

Page 9 of 9
(page number not for citation purposes)

