
Rheumatol Int (2009) 30:57–62

DOI 10.1007/s00296-009-0910-y

ORIGINAL ARTICLE

Evaluation of an interferon gamma assay in the diagnosis 
of latent tuberculosis infection in patients with rheumatoid 
arthritis

Cláudia Diniz Lopes Marques · Ângela Luzia Branco Pinto Duarte · 
Virginia Maria Barros de Lorena · Joelma Rodrigues Souza · Wayner Vieira Souza · 
Yara de Miranda Gomes · Eduardo Maia Freese de Carvalho 

Received: 21 July 2008 / Accepted: 25 March 2009 / Published online: 11 April 2009
©  Springer-Verlag 2009

Abstract The tuberculin skin test is not an ideal screen-
ing test for the patients with rheumatoid arthritis to identify
cases of latent tuberculosis infection (LTBI) prior to the
start of treatment with anti-TNFs, as it responds inade-
quately to late hypersensitivity, which is fundamental for
producing a response to the inoculated antigen. Assays
based on detection of the production of IFN� in vitro by
mononuclear peripheral cells stimulated by speciWc
antigens are more speciWc than PPD in detecting LTBI.
The aim of this study was to evaluate the performance of
T-SPOT.TB in diagnosis of LTBI in patients with rheuma-
toid arthritis, comparing with the PPD. The speciWcity of
the T-SPOT.TB varied from 87 to 90% and the negative-
predictive value (NPV) from 94.4 to 100%. It can be
concluded that the T-SPOT.TB showed high speciWcity and
NPV, proving the capability of identifying false-negative
cases of PPD, raising the level of safety for the use of anti-
TNFs.
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Introduction

Given that PPD is not the ideal test for identiWcation of
cases of LTBI in patients with RA [1–3], the development
of alternative tests for the identiWcation of LTBI has been
the object of countless studies. Evidence suggests that
assays based on the detection of IFN� perform better than
PPD, as they have a high speciWcity, correlate better with
indirect measures of exposure to M. tuberculosis and are
less likely to present a cross-reaction with vaccination
using BCG and other microbacterial infections [4–6].

This study aims to evaluate the performance of the
T-SPOT.TB test in the diagnosis of LTBI, comparing it
with PPD in patients with RA, by measuring its sensitivity,
speciWcity, positive-predictive value (PPV) and negative-
predictive value (NPV).

Methodology

A cross-cutting study was carried out to evaluate the diag-
nostic test. The study involved 96 patients selected by non-
probabilistic sampling, according to convenience, divided
into two groups: 48 diagnosed with rheumatoid arthritis
according to the ACR criteria [7] (RA group) and 48
healthy individuals, who made up the comparison group
(COMP group), between May and October 2007, selected
from patients attending the outpatient Rheumatology Unit
of the Clinical Hospital of the Federal University of Per-
nambuco (HC-UFPE). In order to be included in the study,
patients with RA had to be over 18 years of age, to have the
active form of the disease and to have been recommended
for the use of inXiximab. Exclusion criteria included: active
tuberculosis infection; BCG vaccination within the past
15 years; prior treatment using biological drugs (inXiximab,
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etanercept or adalimumab); a known diagnosis of other dis-
eases that are considered risk factors for TB, such as AIDS,
malnutrition, diabetes, kidney or liver disease, and neopla-
sia; acute infections; patients in hospital; and pregnant
women. The comparison group was made up of patients
selected from the outpatient rheumatology unit who did not
show signs of auto-immune disease, according to the same
exclusion criteria used with the RA group.

The study was approved by the Ethics Committee for
Research on Human Beings of the Aggeu Magalhães
Research Centre (CPqAM–FIOCRUZ) and all patients read
and signed the terms of free, informed consent before
undergoing any procedure.

After Wlling in a clinical form with data on their epidemi-
ological history of TB and RA activity, 8 mL of venous
blood was collected by the way of percutaneous punction,
for the purposes of conducting the T-SPOT.TB test. After
the collection of the blood samples, the patients were inocu-
lated with 0.1 ml (2UT) of PPD RT-23, using the Mantoux
technique [8], in the middle third of the left forearm
(approximately 8 cm below the elbow). The reading of the
PPD result was carried out 72 h after application, by way of
palpation of maximum transverse diameter of induration, the
result being expressed in millimeters. The reading was car-
ried out by a single examiner for all patients. The response
to the PPD was analyzed as follows: the RA group: 0–4 mm,
negative, ¸5 mm, positive; the COMP group: 0–4 mm,
negative; 5–10 mm, weak reaction; over 10 mm, strong
reaction. All patients were submitted to a chest X-ray.

Carrying out the T-SPOT.TB test

The T SPOT.TB test is a simpliWed variant of the ELISPOT
(enzyme-linked immunospot) technique for determining
the eVector T cells that secrete IFN� in response to stimula-
tion by antigens speciWc to M. tuberculosis. The kit for this
test has an ELISA format, with individual 8-well strips sen-
sitive to the antibodies for IFN-gamma. It is also accompa-
nied by a tube containing a solution of the ESAT-6 antigen
(Panel A), a tube with a solution of CFP-10 antigen (Panel
B), a tube containing a solution of phytohemagglutinin
(PHA) which functions as a positive control for the test. A
total of four wells are needed for each sample. All the
stages in the test followed the recommendations of the
manufacturers. The colored spots identiWed on the plate
after application of a colorimetric substrate were counted
using the Image Acquisition program and CTL-Immuno-
spot (BD Bioscience). The test was considered to be posi-
tive when panel A or B showed a reaction, according to the
following criteria (Fig. 1).

• In cases in which the negative control presented from 0
to 5 spots:

Panel count (A or B) – Negative control count ¸6

• In cases in which the negative control presented more
than Wve spots:

Panel count (A or B) ¸twice the negative control count

Statistical analysis

Because the new test (T-SPOT.TB) is in theory, should be
better than the gold standard, the PPD is classiWed as an
“imperfect gold standard”, which makes it diYcult to calcu-
late the sensibility and speciWcity of the new test. To mini-
mize the problem, we opted for the use of a Standard
Reference Composition technique, which involves creating
a more adequate standard using a combination of the results
of various imperfect tests [9].

In this way, for the statistical analysis, we set up four diVer-
ent models to determine whether a patient is a carrier of LTBI:

1. The PPD result (positive when ¸5 mm in the RA group
and ¸10 mm in the COMP group)

2. A positive PPD + abnormalities in the chest X-ray
compatible with LTBI

3. A positive PPD + contact in the home with active TB
4. A positive PPD + abnormalities in the X-ray + contact

in the home.

After classiWcation of patients, according to our “gold stan-
dard”, into positives (carriers of LTBI) or negatives
(absence of LTBI), was calculate the sensitivity, speciWcity,
PPV and NPV for the new test (T SPOT.TB), for each of
the four models used, using the Qui-square test, with a con-
Wdence interval of 95%.

Fig. 1 Example of a T-SPOT.TB plate showing the test of Wve patients
at the vertical lines. The results of the patients P2 and P5 were positive,
where we can see more than Wve spots at Panel A (PA) and/or Panel B
(PB). NC negative control, PC positive control
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Results

In the RA group, the average age was 49.71 years, while in
the COMP group the average was 46.29 years and in both
groups, a majority of individuals were female. Table 1 sum-
marizes the clinical variables for the RA group.

The frequencies for the other variables, as well as the
comparative analysis of the equivalence of the two groups
are shown in Table 2. The two groups showed similar char-
acteristics, there being no statistically signiWcant diVerence
for the age, sex, skin color, level of schooling, agglomera-
tion, history of tuberculosis infection or contact with tuber-
culosis in the home. Only in the case of income and place
of origin was a statistically signiWcant diVerence observed
between the two groups (P = 0.017 and P = 0.034, respec-
tively). It should be pointed out that the comparison group
included health professionals who were working at the
rheumatology outpatient unit of the HC, due to the risk of
latent tuberculosis infection (LTBI) associated with this
group.

All patients in both groups had a history of BCG vaccina-
tion in infancy, which was conWrmed by the presence of a
scar on the right arm and none of them had a history of alco-
holism. Of the 48 patients in the RA group, 25% tested posi-
tive using the T-SPOT.TB, while only 14% tested positive
when PPD was used in isolation. In the COMP group, on the
other hand, 35% of results were found to be positive using
the PPD in isolation and 18% using the T-SPOT.TB. As can
be seen in Table 3, the frequency of diagnosis of LTBI for
PPD in isolation in the RA group was lower than that found
in the COMP group, although diVerence was not found
when the diagnosis was carried out using the T-SPOT.TB.

Sensitivity and speciWcity

Tables 4 and 5 allow us to compare the results for sensitiv-
ity, speciWcity, and positive and NPV of the four models
used with the gold standard in the two groups.

Analysis of univariate association

Comparisons of association were carried out for all the
variables under study, in both groups, and none of these
was signiWcantly associated with diagnosis of LTBI using
T-SPOT.TB or using any other of the models used as a gold

Table 1 Description of clinical variables for the RA group

MTX methotrexate, CDAI clinical disease activity index [10]

Variables Mean § DP Minimum Maximum

Age 49.71 § 12.41 19 78

Time since 
diagnosis (years)

10.2 § 7.2 1 35

MTX dose, in 
mg/week (n = 30)

15.5 § 4.3 10 25

Prednisone dose (mg/day) 12.7 § 6.7 5 30

Duration of use of 
prednisone (months)

38.0 § 42.8 1 180

Disease activity (CDAI) 30.4 § 16.9 0 76

Table 2 Characteristics of individuals with and without rheumatoid
arthritis and analysis of equivalence of the two groups

Variables Groups Total

RA COMP N %

N % N %

Sex P = 0.067

Female 43 89.6 35 72.9 78 81.3

Male 05 10.4 13 27.1 18 18.8

Age group P = 0.056

Under 40 08 16.7 18 37.5 26 27.1

40–59 31 64.6 21 43.8 52 54.2

60 and over 09 18.8 09 18.8 18 18.8

Place of origin P = 0.031

Recife and metropolitan 
region

32 66.7 41 85.4 73 76.0

Zona da Mata, 
Agreste and 
Sertão Regions

16 33.2 7 14.5 23 24.0

Skin color P = 0.512

White 14 29.2 18 37.5 32 33.3

Black 07 14.6 04 8.3 11 11.5

Mixed 27 56.3 26 54.2 53 55.2

Level of schooling P = 0.100

University 02 4.2 09 18.8 11 11.5

Completed secondary school 14 29.2 18 37.5 32 33.3

Secondary school incomplete 08 16.7 07 14.6 15 15.6

Completed primary school 14 29.2 09 18.8 23 24.0

Illiterate or barely literate 10 20.9 05 10.5 15 15.6

Income (in minimum wages) P = 0.017

<1 17 35.4 07 14.6 24 25.0

1 to <3 24 50.0 23 47.9 47 49.0

3 to <5 05 10.4 08 16.7 13 13.5

Over Wve 02 4.1 10 20.8 12 12.6

Agglomeration P = 0.99

2 individuals 41 85.4 42 87.5 83 86.5

3 or more individuals 07 14.6 06 12.6 13 13.6

History of TB P = 0.677

No 44 91.7 46 95.8 90 93.8

Yes 04 8.3 02 4.2 06 6.2

History of contact with TB

No 47 97.9 46 95.8 93 96.9

Yes 01 2.1 02 4.2 03 3.1

Total 48 100.0 48 100.0 96 100.0
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standard. This suggests that there is no stratiWcation for
analysis of sensitivity and speciWcity.

Discussion

Although widely accepted, the screening procedures carried
out before the use of anti-TNFs have been criticized, since,
in various situations, they are not able to identify LTBI.
Problems described include the possible uncertainty on the
part of the patient as to his or her medical history of contact
with TB, the absence of speciWc radiographic signs for
LTBI, as well as diYculties in using PPD. Thus, the use of
these tests may lead to a failure to carry out chemoprophy-
laxis using INH, due to the low sensitivity of the skin test in
a patient with RA or even to unnecessary treatment (in the
case of a false-positive PPD) [11].

The use of antigen-speciWc tests for the detection of
INF� has revolutionized the diagnosis of LTBI in countries
with a low prevalence of TB, and greater speciWcity than
PPD has already been shown in immunocompetent individ-
uals [11, 12].

The evaluation of the performance of these new tests
was Xawed by the lack of a gold standard to diVerentiate
between true latent infection and a cross-reaction with the
BCG vaccine or with infection by microbacteria other than
M. tuberculosis [13]. In order to overcome this imperfect
gold standard problem, studies that analyzed the perfor-
mance of these tests used varying techniques to determine
the presence of LTBI [14, 15].

The present study is the Wrst to evaluate the performance
of the T-SPOT.TB in Brazil in patients with RA. The use of
these new tests to screen RA patients before the use of anti-
TNFs has already occurred in some European countries,
principally in cases where there is a negative PPD and
radiographic abnormalities suggesting latent infection [16].

Our aim in setting up four diVerent models for identiWca-
tion of latent infection was to minimize the problem created
by the imperfect gold standard. We aggregated the results
of various imperfect tests in order to improve the overall
performance in identiWcation of such patients. According to
our results, irrespective of which model was used, the
Wgures for sensitivity, speciWcity, PPV and NPV were fairly
similar for both groups (RA and COMP), with a high speci-
Wcity in the RA group and NPV. This results give us reason
to suggest that, in our sample, the T-SPOT.TB is more use-
ful in identifying false negative PPD results (12 positives
for the T-SPOT.TB compared with 7 for the PPD), owing to
its higher level of speciWcity. Apart from this, it is able to
conWrm with a higher degree of certainty, in cases where
the PPD result is negative, that LTBI is indeed absent.

Our results are similar to those already described in the
literature, although it is worth pointing out that none of the
studies published hitherto used a similar methodology.
These similarities are more worthy of note when we com-
pare studies carried out in countries with a high incidence
of TB and a broad vaccination program [11, 12].

Two patients in our study who showed radiological
abnormalities suggesting LTBI tested negative using the

Table 3 Comparison of the frequency of diagnoses of LTBI using
PPD with that using T-SPOT.TB in the groups with and without RA

LTBI using 
PPD

Frequency 
(%)

OR (IC) P value

0.034

AR 14.6 0.31 (0.11–0.84)

COMP 33.3 1.0

LTBI using 
T-SPOT.TB

Frequency 
(%)

OR (IC) P value

0.4602

AR 25.0 1.44 (0.54–3.83)

COMP 18.8 1.0

Table 4 Comparison of sensi-
tivity, speciWcity, PPV and NPV 
of the four models adopted with 
the gold standard in the RA 
group

T-SPOT.TB Model 1 Model 2 Model 3 Model 4

Sensitivity (%) 100.0 (59.0–100.0) 77.8 (40.2–96.1) 100.0 (59.8–100.0) 80.0 (44.2–96.5)

SpeciWcity (%) 87.0 (73.0–95.0) 87.2 (71.8–95.2) 90.0 (75.4–96.7) 89.5 (74.3–96.6)

PPV (%) 58.0 (27.0–84.0) 58.3 (28.6–83.5) 66.0 (35.4–88.7) 66.7 (36.4–86.7)

NPV (%) 100.0 (90.0–100.0) 94.4 (88.0–99.0) 100.0 (88.0–100.0) 94.4 (80.0–99.0)

Table 5 Comparison of sensi-
tivity, speciWcity, PPV and NPV 
of the four models adopted with 
the gold standard in the COMP 
group

T-SPOT.TB Model 1 Model 2 Model 3 Model 4

Sensitivity (%) 23.0 (6.0–49.0) 26.0 (9.0–51.0) 22.0 (7.4–48.1) 25.0 (8.0–49.0)

SpeciWcity (%) 83.0 (66.0–94.0) 86.0 (68.0–96.0) 83.3 (64.5–93.7) 85.0 (67.0–95.0)

PPV (%) 44.0 (13.0–78.0) 55.0 (71.0–94.0) 44.4 (15.3–77.3) 55.0 (21.0–86.0)

NPV (%) 65.0 (48.0–79.0) 64.0 (47.0–78.0) 64.1 (47.2–78.3) 61.0 (44.0–76.0)
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T-SPOT.TB, which leads us to wonder whether these
abnormalities really were related to latent tuberculosis, as,
according to the data presented in the literature, the results
of the T-SPOT.TB show greater speciWcity than radiologi-
cal abnormalities [17]. This could be explained by the low-
sensitivity of the X-ray in detecting small lesions, or even,
by the lack of correlation between the immunological
response to antigens speciWc for TB (including PPD) and
the extent of pulmonary lesions [17, 18].

Despite this, the possibility that the presence of LTBI
was under-estimated cannot be ruled out. In studies carried
out among healthy individuals in Korea and Gambia, which
are areas where TB is endemic, sensitivity was low com-
pared with the known overall prevalence of TB in these
regions [19, 20]. This low sensitivity may be related to the
fact that, although speciWc to M. tuberculosis, these anti-
gens do not represent the whole range of antigens for the
TB bacillus. Furthermore, in cases of short periods of expo-
sure, memory T cells are not capable of releasing suYcient
quantities of INF� to give rise to a positive result for an ex
vivo test [15, 16].

It is interesting to note that, when we used PPD in isola-
tion to identify LTBI, the frequency was higher in the
COMP group than in the RA group. This may give the false
impression that RA provides protection against LTBI
(OR = 0.31; 0.11–0.84, P = 0.034), probably as a result of
the low responsiveness of PPD in people with RA or the
number of false-positive results obtained using PPD (cross-
reaction with other microbacteria or with BCG vaccine),
such as did not occur when we used the T-SPOT.TB, proba-
bly owing to its greater speciWcity.

In the COMP group, the results for sensitivity were
fairly low (under 30%) in all four models. This may be
explained by the fact that a positive result for PPD and/or
X-ray and/or history of contact is much more likely in this
group, whichever model is used (17, 19, 18 and 20 cases for
models 1, 2, 3 and 4, respectively). Analysis of the results
of the T-SPOT.TB shows that the numbers of positive
results are lower (9 for all models). This probably indicates
the presence of false-positive results, mainly due to the use
of PPD, which tested positive when used in isolation on 17
occasions. In this case, the PPD shows greater sensitivity,
although it is not capable of determining the presence of
real latent infection.

In all the studies carried out to evaluate the performance
of the T-SPOT.TB, the great advantage was shown to be its
high level of speciWcity and NPV, allowing us to be certain
that the PPD result was negative, there is no latent infection
and, therefore, there is no risk of active infection during the
use of anti-TNFs. Furthermore, it identiWes patients with
RA who present false negative results for the PPD. Our
study produced similar results, since, depending on the
model used, 4 (models 3 and 4) or 5 patients (models 1 and 2)

were not identiWed using our gold standard but tested posi-
tive using the T-SPOT.TB. These results could lead us to
the interpretation that these are cases of false positives.
However, as recombinant antigens are speciWc to M. tuber-
culosis, these are probably cases of false negatives for PPD.
Had these patients been screened using conventional meth-
ods (PPD, chest X-ray and clinical history), they would
have been classiWed as normal and would be at great risk of
developing active infection.

Although diagnosing and treating LTBI in developed
countries is an essential component of the control of TB, this
strategy is of less importance in developing countries. In
these countries, owing to the high risk of infection, due to
the high incidence and the fact that it aVects the pediatric
population, the health system’s priority should be the treat-
ment of active cases, which leads to a reduction in the risk of
transmission. Furthermore, a substantial proportion of the
population in these countries have LTBI and, since the risk
of these individuals developing an active infection is 5% and
around 90% of chemoprophylaxes are carried out in full,
there is no need to add to the cost of diagnosis of LTBI to
that of the TB control program in developing countries.
Hence, the use of these tests in these localities should be
restricted to situations such as epidemiological surveillance,
children and malnourished patients with tuberculosis, and
tuberculosis infection in patients with AIDS and RA [11].

Conclusions

The sensitivity of the T-SPOT.TB is equivalent to that of
the gold standard in our population. Thus, in the case of a
positive result for PPD, we can dispense with the speciWc
test and carry out chemoprophylaxis using INH before
commencing anti-TNF therapy. The T-SPOT.TB test is
more speciWc than the PPD, whether it is associated with an
X-ray and a clinical history or not. Thus, in cases where
the PPD is negative, and the X-ray shows abnormalities
or there is a history of contact with TB in the home, the
T-SPOT.TB test should be carried out to identify probable
false-negative results.

References

1. Provenzano G, Ferrante MC, Simon G (2005) TB screening and
anti-TNF-� treatment. Thorax 60:612–615

2. Ponce de León D, Acevedo-Vazquez E, Sánchez-Torres A et al
(2005) Attenuated response to puriWed protein derivate in patients
with rheumatoid arthritis: study in a population with high preva-
lence of tuberculosis. Ann Rheum Dis 64:1360–1361

3. Köker IH, Pamuk ÖN, Karlikaya N, Tunçbilek N, Çakir N (2007)
A low prevalence of puriWed protein derivative test positivity in
Turkish patients with rheumatoid arthritis. Association with clini-
cal features and HRCT Wndings. Clin Exp Rheumatol 25:54–59
123



62 Rheumatol Int (2009) 30:57–62
4. Andersen P, Munk ME, Pollock JM, Doherty TM (2000) SpeciWc
immune-based diagnosis of tuberculosis. Lancet 23:1099–1104

5. Lalvani A, Pathan AA, Macshane H et al (2003) Spotting latent
infection: the path to better tuberculosis control. Thorax 58:916–
918

6. Barnes PF (2004) Diagnosis of latent tuberculosis infection: turn-
ing glitter to gold. Am J Respir Crit Care Med 170:5–6

7. Arnett FC, Edworthy SM, Bloch DA et al (1998) The American
Rheumatism Association 1987 revised criteria for the classiWca-
tion of rheumatoid arthritis. Arthritis Rheum 31:315–324

8. Mantoux C (1908) Intradermo-réaction de la tuberculine. Comptes
rendus de l’Académie des sciences, Paris, 147:355-57 apud http://
www.whonamedit.com/synd.cfm/2767.html. Accessed 1 Nov 2005

9. Alonzo TA, Pepe MS (1998). Assessing the accuracy of a new
diagnostic test when a gold standard does not exist. UW Biostatis-
tics Working Paper Series. University of Washington. Paper 156.
http://www.bepress.com/cgi/viewcontent.cgi?article=1043&con-
text=uwbiostat (accessed 13 jan 2008)

10. Aletaha D, Smolen J (2005) The simpliWed disease activity index
(SDAI) and the clinical disease activity index (CDAI): a review of
their usefulness and validity in rheumatoid arthritis. Clin Exp
Rheumatol 23:s100–s108

11. Dinser R, Fousse M, Sester U et al (2008) Evaluation of latent
tuberculosis infection in patients with inXammatory arthropathies
before treatment with TNF-� blocking drugs using a novel Xow-
cytometric interferon-� release assay. Rheumatology 72:212–218

12. Sellam J, Hamdi H, Roy C et al (2007) Comparison of in vitro-spe-
ciWc blood tests with tuberculin skin test for diagnosis of latent
tuberculosis before anti-TNF therapy. Ann Rheum Dis published
on line Wrst: 24 April 2007. doi:10.1136/ard.2007.069799

13. Dheda K, Udwadia Z, Huggett JF, Johnson MA, Rook GAW
(2005) Utility of the antigen-speciWc interferon-� assay for the
management of tuberculosis. Cur Opin Pulm Med 11:195–202

14. Menzies D, Pai M, Comstock G (2007) Meta-analysis: new tests
for the diagnosis of latent tuberculosis infection: areas of uncer-
tainty and recommendations for research. Ann Intern Med
146:340–354

15. Passalent L, Khan K, Richardson R, Wang J, Dedier H, Gardam M
(2006) Detecting latent tuberculosis infection in hemodialysis
patients: a head-to-head comparison of the T-SPOT.TB test, tuber-
culin skin test, and the expert physician panel. Clin J Am Soc
Nephrol 2:68–73

16. Ferrara G, Losi M, D’Amico R, et al (2006) Use in routine clinical
practice of two commercial blood tests for diagnosis of infection
with Mycobacterium tuberculosis: a prospective study. Lancet
367(22):1328-1334

17. Joshi R, Patil S, Kalantri S, Scwartzmann K, Menzies D, Pai M
(2007) Prevalence of abnormal radiological Wndings in health care
workers with latent tuberculosis infection and correlations with
immune response. PLoS ONE 2(8):e805. doi:10.1371/journal.
pone.0000805

18. Al Zaharani K, Al Jahadali H, Menzies D (2000) Does size matter?
Utility of size of tuberculin reactions for the diagnosis of myco-
bacterial disease. Am J Respir Crit Care Med 162:1419–1422

19. Hill PC, Brookes RH, Fox A et al (2004) Large scale evaluation of
enzyme-linked immunospot assay and skin test for the diagnosis of
Mycobacterium tuberculosis infection against a gradient of expo-
sure in Gambia. Clin Infect Dis 38:966–973

20. Kang YA, Lee HW, Yoon HI et al (2005) Discrepancy between
the tuberculin skin test and the whole-blood interferon-� assay for
the diagnosis of latent tuberculosis infection in an intermediate
tuberculosis-burden country. J Am Med Assoc 293:2756–2761
123

http://www.whonamedit.com/synd.cfm/2767.html
http://www.whonamedit.com/synd.cfm/2767.html
http://www.bepress.com/cgi/viewcontent.cgi?article=1043&context=uwbiostat
http://www.bepress.com/cgi/viewcontent.cgi?article=1043&context=uwbiostat
http://dx.doi.org/10.1136/ard.2007.069799
http://dx.doi.org/10.1371/journal.pone.0000805
http://dx.doi.org/10.1371/journal.pone.0000805

	Evaluation of an interferon gamma assay in the diagnosis of latent tuberculosis infection in patients with rheumatoid arthritis
	Abstract
	Introduction
	Methodology
	Carrying out the T-SPOT.TB test
	Statistical analysis

	Results
	Sensitivity and speciWcity
	Analysis of univariate association

	Discussion
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


