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Abstract

Background: Diagnosis of tuberculous (TB) pleuritis is difficult and better diagnostic tools are needed.
New blood based interferon-gamma (IFN-y) tests are promising, but sensitivity could be low in HIV
positive patients. The IFN-y tests have not yet been validated for use in pleural fluid, a compartment with

higher level of immune activation than in blood.

Methods: The QuantiFERON TB®-Gold (QFT-TB) test was analysed in blood and pleural fluid from 34
patients presenting with clinically suspected pleural TB. Clinical data, HIV status and CD4 cell counts were
recorded. Adenosine deaminase activity (ADA) analysis and TB culture were performed on pleural fluid.

Results: The patients were categorised as 'confirmed TB' (n = 12), 'probable TB' (n = 16) and 'non-TB'
pleuritis (n = 6) based on TB culture results and clinical and biochemical criteria. The majority of the TB
patients were HIV infected (82%). The QFT-TB in pleural fluid was positive in 27% and 56% of the
‘confirmed TB' and 'probable TB' cases, respectively, whereas the corresponding sensitivities in blood
were 58% and 83%. Indeterminate results in blood (25%) were caused by low phytohemagglutinin (PHA =
positive control) IFN-y responses, significantly lower in the TB patients as compared to the 'non-TB' cases
(p = 0.02). Blood PHA responses correlated with CD4 cell count (r = 0.600, p = 0.028). In contrast, in
pleural fluid indeterminate results (52%) were caused by high Nil (negative control) IFN-y responses in
both TB groups. Still, the Nil IFN-y responses were lower than the TB antigen responses (p < 0.01),
offering a conclusive test for half of the patients. We did not find any correlation between blood CD4 cell

count and IFN-y responses in pleural fluid.

Conclusion: The QFT-TB test in blood could contribute to the diagnosis of TB pleuritis in the HIV
positive population. Still, the number of inconclusive results is too high to recommend the commercial

QFT-TB test for routine use in pleural fluid in a TB/HIV endemic resource-limited setting.
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Background

Tuberculosis (TB) is globally a major health burden and
human immunodefiency virus (HIV) infection is a strong
risk factor for the progression from latent infection to
active TB. In South Africa 60% of the adult TB cases are
HIV positive [1]. TB pleuritis occurs in about 30% of TB
patients, the majority of cases in the HIV positive popula-
tion [2].

The diagnosis of TB pleuritis is generally difficult and the
acid fast bacilli [AFB] microscopy method rarely detects
the tubercle bacilli, whereas culture is positive in about
40% of cases [3]. Histology of pleural biopsies could offer
a sensitivity of up to 80% in immunocompetent patients
[4], but expected to be much lower in HIV patients and
specificity is generally low [5].

Adenosine deaminase activity (ADA) in pleural fluid is
used as a marker of TB pleuritis and a meta-analysis con-
clude that although it has variable performance, it is still
a useful test [6]. However, emphyema, rheumatoid pleu-
risy and malignancy may give false positive results [7],
while immune suppression could give a false negative test
[8]. Finally, a sensitivity as low as 17% in pleural fluid has
been reported for the polymerase chain reaction (PCR)
method [9].

HIV infection has changed the nature of the clinical pres-
entation of pleural TB [2]. Patients co-infected with HIV
and TB have stronger pleural reactions than HIV negative
persons [10]. Further, T cells from the pleural cavity in
patients with TB pleuritis are more activated than those
from the peripheral blood and there seems to be a com-
partmentalisation of TB specific interferon-gamma (IFN-
y) producing cells in the lungs of patients with active TB
[11]. T cell responses to TB antigens reside predominantly
in the CD4+ T cell subset [12]. A decline in the number of
CD4+ T cells and an expansion of activated memory
CD8+ T cells characterise chronic HIV infection [13].
Thus, it is of importance to study the immune responses
at the local site of infection in order to improve the under-
standing of the immunological mechanisms involved in
containment and progression of TB in HIV infected
patients.

TB proteins encoded by the RD-1 gene of Mycobacterium
tuberculosis (M. tuberculosis) are used in commercially
available IGRA (Interferon-gamma Release Assays) blood
tests [QuantiFERON®-TB Gold In-tube, (QFT-TB) and T
spot-TB®] [14-17]. They offer comparable high sensitivi-
ties and specificities in the diagnosis of TB in immuno-
competent patients, but there is concern about the
sensitivity in immunocompromised patients, especially
when using the QFT-TB test [18-20]. Thus, IFN-y based
assays may give false negative TB diagnosis in endemic
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areas with high burden of HIV co-infection where reliable
diagnostic tools are needed the most. Several studies have
evaluated the new IFN-y assays in blood from patients
with active, including extrapulmonary TB, but few HIV
patients or cases of pleural TB have been included and
analyses have predominately been performed on blood
specimens [16,19,21-24].

The ELISA technique used in the QFT-TB assay could eas-
ily be adapted to routine practice and a recent review by
Gopi et al requests studies of the potential efficacy of IFN-
y assays in the diagnosis of pleural TB [25]. In this study
we have quantified TB specific and unspecific immune
responses in the pleural cavity of patients with HIV and TB
co-infection by using the commercial available QFT-TB
test. Further, we have evaluated the utility of this test as a
diagnostic tool of TB pleuritis in a high TB and HIV
endemic area.

Methods

Study participants

Patients presenting with pleural effusion and clinical
symptoms of TB pleuritis admitted to the Dr. George
Mukhari Hospital (DGM), Ga-Rankuwa, Pretoria, South
Africa in the period 2004-2005 were recruited into the
study.

The patients were categorised as; (i) 'confirmed TB' pleu-
ritis (AFB microscopy or culture positive pleural fluid),
(ii) 'probable TB' pleuritis (AFB microscopy and culture
negative pleural fluid, ADA >30 U/L and/or strong clinical
evidence consistent with active TB followed by a decision
by a clinician to treat with tuberculosis chemotherapy
[26]) and (iii) 'mon-TB' pleuritis when diagnosed as
malignancy or another non-TB condition. Patients with
recent TB therapy (< 1 year) or treated with corticoster-
oids, immunosuppressive or antiretroviral therapy (ART)
were not included. HIV testing was done routinely at the
hospital in pleural effusion patients with suspected TB.
The demographic and clinical data, HIV status and CD4
cell count were recorded for each patient.

Thoracocentesis and pleural biopsies (for only two
patients) were obtained according to clinical practice at
the hospital. Peripheral blood was obtained in parallel
and before initiation of anti-tuberculosis therapy. The
QFT-TB results were not available for the clinicians and
did not influence the classification of patients or decisions
concerning treatment.

The study was evaluated and approved by the Research,
Ethics and Publications Committee at the DGM Hospital,
University of Limpopo, South Africa (2003) and the
Regional Committee for Ethics in Medical Research in
Bergen, Norway (2003, REK Vest nr.185.02). All the
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patients received written and oral information of the
study and all gave informed consent.

Specimen preparation and culture

The pleural fluid and sputum specimens were processed
according to standard laboratory routines for AFB staining
of smears and culture for up to four weeks (BacT-alert,
Organon, Teknika). The pleural fluid was also sent for
cytological examination and analysis of ADA, using a
commercial colorimetric assay kit (Diazyme General
Atomics, CA) with a cutoff value for positive test of 30 U/
L [27]. Pleural fluid mononuclear cells (PFMCs) were iso-
lated from approximately 200 ml pleural fluid by density
gradient centrifugation (Ficoll histopaque 1077, Sigma),
washed and resuspended in RPMI media (1640, L-
glutamine and HEPES supl., Sigma) to make a final con-
centration of 1 x 10° cells/ml.

QuantiFERON® TB Gold In-Tube assay

One ml of blood and 1 ml of PFMC suspension were
added to each of the three 'QuantiFERON®-TB Gold (QFT-
TB) In-tubes'; TB antigen (ESAT-6, CFP-10 and TB 7.7),
positive mitogen control (phytohemagglutinin [PHA])
and negative control (Nil), as provided by the manufac-
turer (Cellestis Ltd., Victoria, Australia), mixed well and
incubated at 37°C for 20 hours. The tubes were centri-
fuged and 500 pl of the supernatants were harvested and
stored at -70°C. until the IFN-y was measured in dupli-
cates simultaneously in an ELISA reader. The IFN-y con-
centrations (IU/ml) were calculated by the 'QFT-TB
analysis Software'. When the value was >15 IU/ml, the
maximum concentration that can be estimated from the
standard curve, the value was set to 15 [U/ml. For blood,
the QFT-TB test was interpreted according to instructions
by the manufacturer. The test was positive if the TB anti-
gen minus Nil value was >0.35 IU/ml. The Nil control had
to be <8 IU/ml and PHA (positive control) minus Nil had
to be >0.5 IU/ml or TB antigen minus Nil value had to be
>0.35 IU/ml and > 25% of the Nil for the subject to have
avalid QFT-TB test. For pleural fluid, the QFT-TB test was
interpreted as for blood, but except any upper cutoff value
for Nil. The pleural fluid supernatants were tested in 1:1,
1:10 and 1:20 dilutions. The mean IU/ml from two paral-
lel samples from the dilution that was within the range of
the assay was used to calculate the final results. The values
for the pleural fluid were then multiplied with the dilu-
tion factor in order to standardise the final results to the
number of cells (IU/1 x 10°cells).

Statistics

The statistical analysis was performed by SPSS 14 (SPSS
Inc., Chicago, I, USA). IFN-y responses are shown as
median and ranges. The results were analysed by exact
Mann-Whitney U and Kruskal-Wallis tests (including post
hoc Mann-Whitney tests with Bonferroni correction for a

http://www.biomedcentral.com/1471-2334/8/35

group of three post hoc comparisons) for comparison
between the TB groups. IFN-y responses within a TB group
were analysed by exact paired sample Wilcoxon tests. The
Spearman correlation coefficient was computed for asso-
ciations between continuous variables. The relationships
between IFN-y responses and HIV and TB status were
investigated by linear regression. A p-value of < 0.05 was
considered to indicate a statistically significant difference.

Results

Clinical and laboratory characteristics

Thirty-four patients with clinically suspected pleural TB
were enrolled in the study and the clinical and laboratory
characteristics are shown in Table 1. Chest pain, night
sweat and loss of weight were the most common clinical
symptoms seen in 85-100% of the patients.

Twelve (35%) of the patients had culture 'confirmed TB'
pleuritis, whereas 16 patients (47%) were diagnosed as
'‘probable TB' pleuritis based on ADA >30 U/L and/or clin-
ical symptoms (Table 1). Tuberculosis chemotherapy was
started in patients with clinical evidence consistent with
active TB, but response to therapy could not be recorded
since the patients were referred to outlying hospitals and
lost to follow-up. Of the remaining six patients classified
as 'non-TB' pleuritis, five were diagnosed with malignancy
by cytology and/or histology, whereas one patient did not
have a final diagnosis.

Table I: Clinical characteristics of patients enrolled (n = 34)

Characteristics Number
Gender
Females 12
Males 22
Age: median (range) 39 (20-70)
Clinical symptoms: n (%)
Chest pain 34 (100%)
Productive cough 10 (29%)
Fever 16 (47%)
Shortness of breath 16 (47%)
Night sweat 29 (85%)
Loss of weight 31 (91%)
Lymphadenopathy 27 (79%)
Oral thrush 25 (74%)
Chest x-ray infiltrates: n (%) 2 (6%)
Culture positive TB: n (%) 12 (35%)
Total TB cases: n (%) 28 (82%)
Non-TB cases: n (%) 6 (18%)
HIV positive patients: n (%) 25 (74%)
CD4 cell count HIV positive: median (range)? 80 (7-328)
CD4 cell count > 200 cells/microL 2 (8%)
CD#4 cell count 100-200 cells/microL 7 (28%)
CD4 cell count < 100 cells/microL 13 (52%)

CD4 cell count HIV negative: median (range) 457 (241-927)

3) CD4 cell count was not available for three of the patients.
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Twenty-three of the 28 TB patients (82%) were HIV posi-
tive. The median CD4 cell count was 77 cells/microL
(range 7-280) and 162 cells/microL (range 7-548) for the
'confirmed TB' and 'probable TB' patients, respectively (p
> 0.05). The 'non-TB' group (two HIV positive and four
HIV negative) had a median CD4 cell count of 302 cells/
microL (100-927), higher than the 'confirmed TB' group
(p = 0.01), but not statistically different from the 'proba-
ble TB' group (p > 0.05). However, when adjusted for HIV
status there was no significant difference in CD4 cell
count between any of the groups.

All 'confirmed TB' patients had ADA values above 30 U/L,
whereas this was the case for 15/16 of the 'probable TB'
patients. The ADA concentrations were comparable in the
‘confirmed TB' and 'probable TB' groups [68 U/L (range
38-133) and 60 U/L (range 29-200), respectively] but as
expected significantly higher than in the 'non-TB' group
[14 U/L (range 5-19), (p = 0.001)]. The ADA levels in
pleural fluid were similar in the HIV positive and HIV neg-
ative patients, and we found no significant correlation
between ADA values and CD4 cell counts (data not
shown).

QuantiFERONP® TB Gold In-Tube results

The absolute concentrations of IFN-y in blood and pleural
fluid for the 'confirmed TB', 'probable TB' and 'non-TB'
cases are as given in Table 2. There were significant differ-
ences between the three study groups in TB IFN-y
responses both in blood (p < 0.001) and pleural fluid (p
= 0.022) as well as in PHA (positive control) IFN-y
responses in blood (p = 0.046) and Nil IFN-y responses (p
= 0.024) in pleural fluid. In blood, the strongest TB IFN-y
responses were found in the 'probable TB' group, but both
TB groups had higher values above the cutoff of the QFT-
TB assay compared to the 'non-TB' patients, (p < 0.01). Nil
responses in blood were low and comparable in all
groups, well below the upper cutoff for valid test of 8 IU/
ml. The PHA IFN-y responses were generally low in both
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TB groups as compared to the 'non-TB' cases and for the
‘probable TB' group the difference was statistically signifi-
cant (p = 0.02). For the whole group of patients PHA TFN-
y responses in blood correlated with blood CD4 cell count
(r = 0.600, p = 0.028).

The IFN-y responses in pleural fluid are given as IU per 1
x 10° mononuclear cells in order to standardise the
results. The TB specific [FN-y responses were stronger both
for the 'confirmed TB' (p = 0.05) and for the 'probable TB'
(p = 0.008) groups as compared to the 'non-TB' group in
this compartment. Also the concentrations of IFN-y in the
negative control samples were significantly higher in both
TB groups than that found in the 'non-TB group' (p
<0.05). Still, the Nil values were lower than those meas-
ured in the TB antigen samples, and for the 'probable TB'
group this was statistically significant (p = 0.003). High
IFN-y Nil levels in the 'non-TB' group, were only found in
the two HIV positive patients (4.2 and 8.8 IU/1 x 10°
PFMCs) and not in the HIV negative malignancy patients
(0.14-0.65 IU/1 x 106 PFMCs). The various IFN-y
responses in pleural fluid did not correlate to either ADA
or CD4 cell count.

By using the definition of cutoff values and valid tests as
described, 16 (50%) of the QFT-TB results were conclusive
in pleural fluid compared to 23 (79%) in blood. This per-
centage varied according to HIV status (Table 3) and
whether TB was confirmed by culture (Table 4). In the
‘confirmed TB' group 8/12 (67%) cases were conclusive in
blood and 3/11 (27%) cases were conclusive in pleural
fluid. The corresponding numbers for the 'probable TB'
group were 10/12 (83%) and 10/16 (63%). There was
agreement between the two compartments in 15 of the
cases. Seven patients showed positive QFT-TB test in
blood, whereas the results were indeterminate in pleural
fluid. In contrast, in two HIV positive 'confirmed TB'
patients the QFT-TB was positive in pleural fluid, whereas
the results in blood were indeterminate and negative,

Table 2: Interferon-gamma (IFN-y) responses (TB antigen, PHA and nil) in blood (n = 29) and pleural fluid (n = 32)2)

TB antigens Positive control (PHA) Negative control (nil)
Blood (IU/ml)
Confirmed TB pleuritis (n = 12) 1.20 (0.11—11.80)be 1.24 (0.11-15.00) 0.22 (0.05-2.06)
Probable TB pleuritis (n = 12) 3.97 (0.32—11.05)be 0.50 (0.10—4.00)c 0.22 (0.07-1.62)
Non-TB pleuritis (n = 5) 0.13 (0.08-0.31) 15.00 (1.23-15.00) 0.10 (0.07-0.18)

Pleural fluid (1U/1 x 10¢ PFMCs)
Confirmed TB pleuritis (n = 16)
Probable TB pleuritis (n = I 1)
Non-TB pleuritis (n = 5)

14.40 (2.15-169.00)
19.18 (1.31-143.90)be
1.10 (0.13-7.30)

11.45 (1.85-81.20)
16.60 (0.95—118.00)
4.60 (2.20-9.00)

8.90 (2.10-55.60)¢
15.23 (0.87-103.00)>
0.70 (0.14-8.80)

Data are presented as medians. The ranges are listed in brackets. PFMC = pleural fluid mononuclear cells.
3 |t was not possible to obtain blood from five patients and pleural fluid from two patients.
b p <0.01,9p =0.02, 9p = 0.03 compared with the 'non-TB group'. & p < 0.0] compared with negative control.
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respectively. The indeterminate results in blood were all
due to low PHA responses, whereas indeterminate results
in pleural fluid were caused by high negative control sam-
ples. The number of cases with indeterminate QFT-TB
results increased in blood as the CD4 cell count decreased
below 100 cells/microl. (Table 3). In contrast, there
seemed to be more conclusive results in pleural fluid with
low CD4 cell count.

In pleural fluid 12 (44%) of the 27 TB cases tested by the
QFT-TB assay were positive, 14 (52%) gave indeterminate
results whereas one was negative (3.7%) (Table 4). In
blood 17 (71%) of the 24 tested TB cases were positive, six
indeterminate (25%) and one negative (4.2%). Two of
the 'non-TB' cases, both HIV positive, had indeterminate
QFT-TB tests in pleural fluid, whereas all had conclusive
negative results in blood. This gave sensitivities of the
QFT-TB test in pleural fluid of 27% and 56% in the 'con-
firmed TB' cases and 'probable TB' cases respectively,
whereas the corresponding sensitivities in blood were
58% and 83%. However, if the indeterminate results were
excluded from the analyses, the sensitivities of QFT-TB
were 94% and 87% in blood and 100% and 90% in pleu-
ral fluid in the 'confirmed TB' and 'probable TB' cases,
respectively.

Discussion

Tuberculous pleuritis is an AIDS defining illness and a
common opportunistic infection in endemic areas like
South Africa. Kaposi sarcoma and bacterial infections
could also cause pleural effusion in HIV infected patients,
making diagnosis difficult [28]. The majority of the TB
patients in this study had low CD4 cell counts, reflecting
the serious implication of this disease in sub-Saharan
Africa. Further, we confirm that low CD4 cell count could
also be found in HIV negative TB pleuritis patients [29].

This is to our knowledge the first study evaluating the 2nd
generation QFT-TB assay in the diagnosis of pleural TB,
testing in parallel blood and pleural fluid from HIV
infected patients. IFN-y based assays have been studied in
the diagnosis of extrapulmonary TB [16,19,21], but few
studies have included HIV positive patients [18,20,30]. In
patients with pleural TB, the tests have predominantly
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been performed on blood samples and not evaluated for
directly use on pleural fluid specimens [22,23]. Finally,
there has been inadequate evidence on the validity of IFN-
y assays in immunocompromised individuals, especially
in countries where TB is endemic [31].

In this group of South African TB pleuritis patients with
predominantly advanced HIV disease the overall sensitiv-
ity of the QFT-TB test in blood was 71% compared to only
449% in pleural fluid. The sensitivity in blood is compara-
ble to that found in other studies of extrapulmonary TB in
HIV negative patients, reporting sensitivities of IGRA-tests
between 70-90% [16,19,21]. In a study of South African
children with TB, the sensitivity of the ELISPOT assay was
reduced from 83% in HIV negative to 73% in HIV positive
children [20]. Our QFT-TB results are slightly superior to
that reported by Sohn et al using the 15t generation QFT-
TB test based on PPD in 28 suspected HIV negative TB
pleuritis patients [22]. Assuming lower sensitivities if
immunocompromised patients were included in their
study, our data suggests that the 2nd generation QFT-TB is
more sensitive not only in blood [17], but also in pleural
fluid than the original QFT-TB test. In comparison, only
40% of our patients were confirmed TB by culture, which
is comparable to other studies of HIV negative TB pleuritis
patients [3]. Although the 'non-TB' control group was too
small to give a reliable estimate of specificity, no false pos-
itive QFT-TB results were found in any of the compart-
ments indicating that the QFT-TB seems to be a
reasonable good 'rule-in' test.

In blood we found overall 25% indeterminate results in
the TB patients due to weak mitogen PHA IFN-y
responses. The percentage of indeterminate results in
blood increased as the CD4 cell count decreased, most
likely caused by T cell anergy, typically seen in advanced
HIV infection [32]. However, several patients had CD4
cell counts in the range of 50-100 cells/uL, but still posi-
tive QFT-TB tests both in blood and pleural fluid. In con-
trast, non-conclusive results could also be obtained in
blood from HIV patients with rather high CD4 cell count,
indicating that also the quality of the individual's immu-
nity is a prerequisite for a conclusive test. Studies of
patients on immunosuppressive therapy [19] and with

Table 3: Conclusive results of the QuantiFERON®-TB Gold assay in peripheral blood (n = 29) and pleural fluid (n = 32) stratified by HIV

status and CD4 cell count.

HIV positive
Total CD4 > 200 CD4 100-200 CD4 < 100 HIV negative
Peripheral blood 15/21 (71%) 2/2 (100%) 5/6 (83%) 7111 (64%) 8/8 (100%)
Pleural fluid 10/24 (48%) 0/2 (0%) 2/6 (33%) 7113 (54%) 6/8 (75%)

The nominator varies according to the number of patients tested by the assay in each group.
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Table 4: Results of the QuantiFERON®-TB Gold assay in peripheral blood (n = 29) and pleural fluid (n = 32)

Total TB Confirmed TB Probable TB Non-TB

QFT-TB positive test

Peripheral blood 17124 (71%) 7/12 (58%) 10/12 (83%) 0/5 (0%)

Pleural fluid 12/27 (44%) 3/11 (27%) 9/16 (56%) 0/5 (0%)
QFT-TB negative test

Peripheral blood 1124 (4.2%) 1712 (8.3%) 0/12 (0%) 5/5 (100%)

Pleural fluid 1127 (3.7%) 0/11 (0%) 1716 (6.3%) 3/5 (60%)
QFT-TB indeterminate test

Peripheral blood 6/24 (25%) 4/12 (33%) 2/12 (17%) 0/5 (0%)

Pleural fluid 14/27 (52%)

8/11 (71%)

6/16 (38%) 2/5 (40%)

The nominator varies according to the number of patients tested by the assay in each group. It was not possible to obtain blood from five patients

and pleural fluid from two patients.

HIV infection [18] have also reported high numbers of
indeterminate results. These data point to the fact that
inconclusive results from blood are more common in
immunocompromised patients.

For the patients with 'confirmed TB' the sensitivity of QFT-
TB was only 58% in blood and 27% in pleural fluid,
whereas corresponding sensitivities were 83% and 56%
for the culture negative 'probable TB' patients. It is
reported that positive culture are more common in
advanced HIV patients compared to HIV negative TB pleu-
ritis patients [33], possibly explained by spread of M.
tuberculosis from the lungs into the pleural space increas-
ing the mycobacteria concentration. Since we found a cor-
relation between CD4 cell count and PHA responses in
blood, the trend towards lower CD4 cell counts in the
‘confirmed TB' group could explain the larger number of
indeterminate results due to low PHA responses in this

group.

In contrast, in pleural fluid we found no correlation
between blood CD4 cell count and PHA IFN-y responses,
and in this compartment TB and PHA responses were gen-
erally strong. Rather, indeterminate results were due to
high levels of IFN-y measured in the negative control sam-
ples. Patients with pleural TB co-infected with HIV have a
higher rate of pleural inflammation than that observed in
HIV negative persons [10], which could explain the high
IFN-y responses in the negative control samples. Back-
ground responses were not correlated to blood CD4 cell
count, but were especially seen in HIV patients with CD4
cell counts at the upper range for this cohort. Even the two
HIV patients in the 'non-TB' group had high IFN-y concen-
trations in the negative control samples, yet at a lower
level than seen in the TB groups. This supports previous
studies reporting high levels of chronic immune activa-
tion and compartmentalisation of immune cells in lym-
phoid tissue and lungs of HIV patients from early disease

[34,35]. A marked increase in activated memory T cells
has also been found in HIV negative patients with tuber-
culous pleurisy [36]. In contrast, the HIV negative 'non-
TB' patients with malignancy had all very low IFN-y back-
ground levels, as earlier reported [37].

A recent meta-analysis concludes that IFN-y is a sensitive
and specific test for the diagnosis of tuberculous pleurisy
[38]. However, in HIV endemic areas one should be aware
of the problem with high background signals in HIV
patients causing difficulties interpreting the results. Fur-
ther, there seems to be a compartmentalisation of TB spe-
cific and unspecific immune responses in pleural fluid
and blood, especially in HIV positive patients, as reported
in our study. Thus, the cutoff value for a positive QFT-TB
test could be different in pleural fluid where immune
responses seem to be at a higher 'set-point' than in blood.
We also observed that there was a large variation in con-
centration of cells as well as strength of responses between
the various patients.

In the TB groups the TB antigen IFN-y responses were sig-
nificantly higher than the IFN-y responses in the respec-
tive negative control samples, indicating that the actual TB
antigen value was above background signals when a con-
clusive result was given. For two of the patients with a pos-
itive test in pleural fluid, QFT-TB in blood was not
conclusive. Advanced HIV patients suffer from various
opportunistic pulmonary infections making precise diag-
nosis difficult. Thus, testing QFN-TB in pleural fluid could
at certain occasions help diagnosing culture negative TB
pleuritis in the HIV positive population and contribute to
decision making in the clinical setting. Still, further stud-
ies are needed to determine optimal culture conditions
and appropriate cutoff values as well as the usefulness and
cost benefit of the QFT-TB test before it could be recom-
mended for use as a diagnostic test of TB pleuritis in a TB/
HIV endemic resource-limited setting.
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Our study indicates that testing blood from HIV positive
patients with pleural effusion with QFT-TB could be use-
ful and improve management of patients as culture results
take time to obtain and pleural fluid sampling not always
possible to perform. We have shown that despite the risk
of indeterminate results in HIV patients with low CD4 cell
counts, testing of blood offers a better sensitivity than in
pleural fluid with a high positive predictive value. In sup-
port of this, Connell et al. have reported two perinatal TB
cases where culture was positive only after six weeks, but
QFT-TB results were available within 48 hours resulting in
adequate and successful treatment for the patients [39].
Further, in our study five TB patients had ADA in the range
of 30-45 U/L. Some clinicians use ADA cutoff values at 45
U/L to exclude false positive tests [7]. Our data demon-
strate that a positive OFT-TB could contribute to the TB
diagnosis in patients with negative culture and ADA val-
ues close to cutoff values.

Conclusion

The commercial QFT-TB test in blood may prove to be
useful in the diagnosis of TB pleuritis in the HIV positive
population in order to urge initiation of TB therapy.
Although the QFT-TB test in pleural fluid in certain cases
could contribute to the TB diagnosis in HIV patients with
low CD4 cell counts, our data do not support the routine
use of this test in pleural fluid at this stage. Thus, further
and larger studies are needed to determine appropriate
cutoff values as well as the usefulness and cost benefit of
this test before it could be recommended for use as a diag-
nostic tool in a TB/HIV endemic resource-limited setting.

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

Authors' contributions

KB has participated in initiation and design of the study,
experimental work, analysis and interpretation of data
and drafting of the manuscript. SS has participated in
experimental work and revising of the manuscript. AAH
has participated in initiation and design of the study,
interpretation of data and revising of the manuscript. JML
has participated in experimental work and revising of the
manuscript. MJM has participated in initiation of the
study, collection of samples and revising of the manu-
script. NL has participated in initiation and design of the
study, interpretation of data and revising of the manu-
script. AMDR has participated in initiation and design of
the study, analysis and interpretation of data and drafting
of the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
The study was funded by grants from Haukeland University Hospital (Helse
Vest RHF funding) and the University of Bergen. We will thank Cellestis

http://www.biomedcentral.com/1471-2334/8/35

Ldt. Australia and Europe (Statens Serum Institutt, Denmark) for valuable
advises. Cellestis Ldt. has not been involved in the interpretation of the data
or in the writing process of the manuscript. We will further thank Tore
Wentzel-Larsen for the statistical analyses and Tehmina Mustafa for critical
reading of the manuscript.

References

I.  World Health Organisation. Global Tuberculosis Control.
WHO report 2005, Geneva; Switzerland. 2005.

2. Ferrer J: Pleural tuberculosis. European Respiratory Journal 1997,
10:942-947.

3. Idell S: Evaluation of perplexing pleural effusions.
Intern Med 1994, 6:31-39.

4.  Valdes L, Alvarez D, San Jose E, Penela P, Valle JM, Garcia-Pazos |M,
Suarez ], Pose A: Tuberculous pleurisy - A study of 254
patients. Archives of Internal Medicine 1998, 158:2017-2021.

5. Kitinya JN, Richter C, Perenboom R, Chande H, Mtoni IM: Influence
of HIV status on pathological changes in tuberculous pleuri-
tis. Tuber Lung Dis 1994, 75:195-198.

6.  Goto M, Noguchi Y, Koyama H, Hira K, Shimbo T, Fukui T: Diagnos-
tic value of adenosine deaminase in tuberculous pleural effu-
sion: a meta-analysis. Annals of Clinical Biochemistry 2003,
40:374-381.

7. Valdes L, Sanjose E, Alvarez D, Valle JM: Adenosine deaminase
(ADA) isoenzyme analysis in pleural effusions: Diagnostic
role, and relevance to the origin of increased ADA in tuber-
culous pleurisy. European Respiratory Journal 1996, 9:747-751.

8.  Hsu WH, Chiang CD, Huang PL: Diagnostic value of pleural ade-
nosine deaminase in tuberculous effusions of immunocom-
promised hosts. | Formos Med Assoc 1993, 92:668-670.

9. Moon JW, Chang YS, Kim SK, Kim YS, Lee HM, Kim SK, Chang J: The
clinical utility of polymerase chain reaction for the diagnosis
of pleural tuberculosis. Clinical Infectious Diseases 2005,
41:660-666.

10. Hodsdon WS, Luzze H, Hurst TJ, Quigley MA, Kyosiimire ], Namujju
PB, Johnson JL, Kaleebu P, Okwera A, Elliott AM: HIV-I-related
pleural tuberculosis: elevated production of IFN-gamma, but
failure of immunity to Mycobacterium tuberculosis. Aids
2001, 15:467-475.

1. Schwander SK, Torres M, Sada E, Carranza C, Ramos E, Tary-Leh-
mann M, Wallis RS, Sierra |, Rich EA: Enhanced responses to
Mycobacterium tuberculosis antigens by human alveolar
lymphocytes during active pulmonary tuberculosis. Journal of
Infectious Diseases 1998, 178:1434-1445.

12. Ravn P, Boesen H, Pedersen BK, Andersen P: Human T cell
responses induced by vaccination with Mycobacterium bovis
Bacillus Calmette-Guerin. Journal of Immunology 1997,
158:1949-1955.

13.  Dyrhol-Riise AM, Voltersvik P, Rosok Bl, Olofsson |, Asjo B: Nor-
malization of CD4(+) cell numbers and reduced levels of
memory CD8(+) cells in blood and tonsillar tissue after
highly active antiretroviral therapy in early HIV type-1 infec-
tion. Aids Research and Human Retroviruses 2000, 16:191-201.

14.  Ferrara G, Losi M, Meacci M, Meccugni B, Piro R, Roversi P, Bergamini
BM, D'Amico R, Marchegiano P, Rumpianesi F, Fabbri LM, Richeldi L:
Routine hospital use of a new commercial whole blood inter-
feron-gamma assay for the diagnosis of tuberculosis infec-
tion. Am | Respir Crit Care Med 2005, 172:631-635.

15.  Lalvani A, Pathan AA, McShane H, Wilkinson R, Latif M, Conlon CP,
Pasvol G, Hill AVS: Rapid detection of Mycobacterium tubercu-
losis infection by enumeration of antigen-specific T cells. Am
J Respir Crit Care Med 2001, 163:824-828.

16. Ravn P, Munk ME, Andersen AB, Lundgren B, Lundgren JD, Nielsen
LN, Kok-Jensen A, Andersen P, Weldingh K: Prospective evalua-
tion of a whole-blood test using Mycobacterium tuberculo-
sis-specific antigens ESAT-6 and CFP-10 for diagnosis of
active tuberculosis. Clinical and Diagnostic Laboratory Immunology
2005, 12:491-496.

17. Mori T, Sakatani M, Yamagishi F, Takashima T, Kawabe Y, Nagao K,
Shigeto E, Harada N, Mitarai S, Okada M, Suzuki K, Inoue Y, Tsuyu-
guchi K, Sasaki Y, Mazurek GH, Tsuyuguchi |: Specific Detection of
Tuberculosis Infection with an Interferon-gamma Based
Assay Using New Antigens. Am | Respir Crit Care Med
2004:200402-21790C.

Contemp

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9150338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10150298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9778201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9778201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7919311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12880538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12880538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12880538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8726940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8726940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8726940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7904507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7904507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7904507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16080088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16080088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16080088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11242143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11242143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11242143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9780265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9780265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9780265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15961696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15961696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15961696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282752

BMC Infectious Diseases 2008, 8:35

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32.

33.

34.

35.

36.

Brock I, Ruhwald M, Lundgren B, Westh H, Mathiesen LR, Ravn P:
Latent tuberculosis in HIV positive, diagnosed by the M-
tuberculosis specific interferon-gamma test.  Respiratory
Research 2006, 7:.

Ferrara G, Losi M, D'Amico R, Roversi P, Piro R, Meacci M, Meccugni
B, Dori IM, Andreani A, Bergamini BM, Mussini C, Rumpianesi F, Fab-
bri LM, Richeldi L: Use in routine clinical practice of two com-
mercial blood tests for diagnosis of infection with
Mycobacterium tuberculosis: a prospective study. Lancet
2006, 367:1328-1334.

Liebeschuetz S, Bamber S, Ewer K, Deeks ], Pathan AA, Lalvani A:
Diagnosis of tuberculosis in South African children with a T-
cell-based assay: a prospective cohort study. Lancet 2004,
364:2196-2203.

Munk ME, Arend SM, Brock |, Ottenhoff THM, Andersen P: Use of
ESAT-6 and CFP-10 antigens for diagnosis of extrapulmo-
nary tuberculosis. Journal of Infectious Diseases 2001, 183:175-176.
Sohn Y, Yang D, Huh J, Lee S, Son C, Lee M, Kim Y, Song E, Chang C:
Usefulness of quantiferon-TB as a diagnostic tool to detect
pleural tuberculosis. Chest 2005, 128:396S-397S.

Wilkinson KA, Wilkinson R, Pathan A, Ewer K, Prakash M, Klener-
man P, Maskell N, Davies R, Pasvol G, Lalvani A: Ex vivo character-
ization of early secretory antigenic target é-specific T cells at
sites of active disease in pleural tuberculosis. Clinical Infectious
Diseases 2005, 40:184-187.

Sharma SK, Banga A: Diagnostic utility of pleural fluid IFN-
gamma in tuberculosis pleural effusion. Journal of Interferon and
Cytokine Research 2004, 24:213-217.

Gopi A, Madhavan SM, Sharma SK, Sahn SA: Diagnosis and treat-
ment of tuberculous pleural effusion in 2006. Chest 2007,
131:880-889.

Treatment of Tuberculosis: Guidelines for National Pro-
grammes World Health Organization Global Tuberculosis
Programme, 3rd edition 2003. WHO/CDS/TB/2003.313.
2007.

Blake J, Berman P: The use of adenosine deaminase assays in
the diagnosis of tuberculosis. S Afr Med | 1982, 62:19-21.
Hengge UR, Ruzicka T, Tyring SK, Stuschke M, Roggendorf M,
Schwartz RA, Seeber S: Update on Kaposi's sarcoma and other
HHV8 associated diseases. Part 2: pathogenesis, Castle-
man's disease, and pleural effusion lymphoma. Lancet Infectious
Diseases 2002, 2:344-352.

Kony SJ, Hane AA, Larouze B, Samb A, Cissoko S, Sow PS, Sane M,
Maynart M, Diouf G, Murray JF: Tuberculosis-associated severe
CD4+T-lymphocytopenia in HIV-seronegative patients from
Dakar. Journal of Infection 2000, 41:167-171.

Chapman ALN, Munkanta M, Wilkinson KA, Pathan AA, Ewer K,
Ayles H, Reece WH, Mwinga A, Godfrey-Faussett P, Lalvani A: Rapid
detection of active and latent tuberculosis infection in HIV-
positive individuals by enumeration of Mycobacterium
tuberculosis-specific T cells. Aids 2002, 16:2285-2293.

Pai M, Riley LW, Colford |M: Interferon-gamma assays in the
immunodiagnosis of tuberculosis: a systematic review. Lancet
Infectious Diseases 2004, 4:761-776.

Pinching AJ, McManus T), Jeffries DJ, Moshtael O, Donaghy M, Parkin
JM, Munday PE, Harris JR: Studies of cellular immunity in male
homosexuals in London. Lancet 1983, 2:126-130.

Luzze H, Elliott AM, Joloba ML, Odida M, Oweka-Onyee ], Nakiyingi
J, Quigley M, Hirsch C, Mugerwa RD, Okwera A, Johnson JL: Evalu-
ation of suspected tuberculous pleurisy: clinical and diagnos-
tic findings in HIV-l-positive and HIV-negative adults in
Uganda. International Journal of Tuberculosis and Lung Disease 2001,
5:746-753.

Baughman RP, Solinger A, Hurtubise P, Dohn MN, Walzer PD,
Rashkin MC, Dortin D: Bronchoalveolar lavage in patients with
the acquired immune deficiency syndrome (AIDS). AIDS Res
1983, 1:91-97.

Dyrhol-Riise AM, Voltersvik P, Olofsson |, Asjo B: Activation of
CDB8 T cells normalizes and correlates with the level of infec-
tious provirus in tonsils during highly active antiretroviral
therapy in early HIV-1 infection. Aids 1999, 13:2365-2376.
Montes S), Gambon DF, Pacheco CM, Cerda MT: [Cellular
immune response in tuberculosis: analysis of T-lymphocytes
and their subsets, B-lymphocytes and natural cytotoxic cells
in different tuberculosis states and body fluids]. Rev Clin Esp
1996, 196:223-227.

37.

38.

39.

http://www.biomedcentral.com/1471-2334/8/35

Okamoto M, Hasegawa Y, Hara T, Hashimoto N, Imaizumi K,
Shimokata K, Kawabe T: T-helper type 1/T-helper type 2 bal-
ance in malignant pleural effusions compared to tuberculous
pleural effusions. Chest 2005, 128:4030-4035.

Jiang J, Shi HZ, Liang QL, Qin SM, Qin X]: Diagnostic value of
interferon-gamma in tuberculous pleurisy: a metaanalysis.
Chest 2007, 131:1133-1141.

Connell T, Bar-Zeev N, Curtis N: Early detection of perinatal
tuberculosis using a whole blood interferon-gamma release
assay. Clinical Infectious Diseases 2006, 42:E82-E85.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2334/8/35/prepub

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16579856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16579856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16579856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16631911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16631911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16631911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11106545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15614710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15614710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15614710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17356108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17356108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7089774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7089774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12144897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12144897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12144897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11023763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11023763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11023763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12441800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12441800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12441800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15567126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15567126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6134980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6134980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6336265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6336265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10597778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10597778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10597778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8701060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8701060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8701060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16354877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16354877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16354877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17426220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17426220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652300
http://www.biomedcentral.com/1471-2334/8/35/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study participants
	Specimen preparation and culture
	QuantiFERON® TB Gold In-Tube assay
	Statistics

	Results
	Clinical and laboratory characteristics
	QuantiFERON® TB Gold In-Tube results

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

