@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Bao L, Li T, Diao N, Shen Y, Shao L, Zhang
Y, et al. (2015) Fluctuating Behavior and Influential
Factors in the Performance of the QuantiFERON-TB
Gold In-Tube Assay in the Diagnosis of Tuberculosis.
PLoS ONE 10(8): €0103763. doi:10.1371/journal.
pone.0103763

Editor: T. Mark Doherty, Glaxo Smith Kline,
DENMARK

Received: March 24, 2014
Accepted: July 1,2014
Published: August 19, 2015

Copyright: © 2015 Bao et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: Due to ethical
restrictions related to protecting patient confidentiality,
all relevant data is available upon request to the
Ethics Committee of Huashan Hospital at Fudan
University.

Funding: This study was supported by a research
grant from The National Natural Science Foundation
(30901277). The funders had no role in study design,
data collection and analysis, decision to publish, or
preparation of the manuscript.

Fluctuating Behavior and Influential Factors
in the Performance of the QuantiFERON-TB
Gold In-Tube Assay in the Diagnosis of
Tuberculosis

Lei Bao'®, Tao Li"®, Ni Diao'®, Yaojie Shen', Lingyun Shao', Ying Zhang®, Shuihua Lu?*,
Wenhong Zhang'**

1 Department of Infectious Diseases, Huashan Hospital, Fudan University, Shanghai, China, 2 Department
of Tuberculosis Disease, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China,

3 Department of Molecular Microbiology and Immunology, Bloomberg School of Public Health, Johns
Hopkins University, Baltimore, Maryland, United States of America, 4 Institutes of Biomedical Sciences,
Fudan University, Shanghai, China

® These authors contributed equally to this work.
* zhangwenhong @fudan.edu.cn (WZ); tubercle @shaphc.org (SL)

Abstract

Background

The QuantiFERON-TB Gold In-Tube (QFT-GIT) is a newly developed but widely used inter-
feron-y release assay for diagnosing tuberculosis (TB). However, research has not deter-
mined whether age or the use of an immune suppressive or anti-TB treatment influences
this assay’s ability to detect TB. We assessed the QFT-GIT diagnostic performance for
active tuberculosis (ATB) in children and adults in an endemic country and explored the
effects of glucocorticoids and anti-TB therapy on the diagnostic value of the QFT-GIT.

Methods

A total of 60 children and 212 adults with suspected ATB were evaluated with the QFT-GIT.
The association between the QFT-GIT diagnostic value and pretreatment factors was quali-
tatively and quantitatively assessed.

Results

The sensitivity of the QFT-GIT was 83.9% (95% Cl 66.3%-94.6%) in children, and 73.7%
(95% CI 57.8%-85.2%) in adults. Glucocorticoids affected the mitogen-stimulated response
in both children and adults. In subjects undergoing glucocorticoid pretreatment, 25.0% of
the children presented with false-negative QFT-GIT results, 28.6% of adults presented with
indeterminate results. For subjects pre-treated with anti-TB drugs, 44.4% presented with
false-negative QFT-GIT results.
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Conclusions

The QFT-GIT has higher sensitivity and specificity in children than adults. Glucocorticoid
treatment negatively impacts the diagnostic value of the QFT-GIT in all age groups. Anti-TB
treatment decreases the sensitivity of the QFT-GIT. Therefore, we recommend that the
QFT-GIT assay be performed before TB-specific treatment is initiated and the test should
not be used on people undergoing immunosuppression treatment, regardless of their age.
A quantitative analysis of the QFT-GIT could be useful for assessing and monitoring TB-
specific and non-specific immunity during conversion of the disease.

Introduction

Tuberculosis (TB) remains a serious public health threat. According to the latest World Health
Organization report, there were 8.6 million new TB cases and 1.3 million deaths in 2012 [1].
Childhood TB has become more prevalent, with 490,000 new childhood cases of TB and
64,000 deaths reported in 2011 [2]. In all age groups, global prevalence of TB illustrates the
importance of TB diagnosis and surveillance, especially for countries that have a high burden
of TB, such as China.

However, the high use of the Bacillus Calmette-Guerin (BCG) vaccination and the preva-
lence of latent TB infection (LTBI) can interfere with accurately diagnosing active TB (ATB).
There are currently no optimal diagnostic criteria for ATB; each diagnostic method has limita-
tions. The various clinical symptoms for ATB can lead to atypical chest X-ray presentations
[3]. Bacterial cultures must be incubated for at least two weeks before they yield results, and an
estimated 20% of all TB patients have negative sputum-smear and culture tests [4]. The tuber-
culin skin test (TST) has a low specificity in the BCG-vaccinated population due to the cross-
reactivity of the diagnostic antigens that are used in the TST for BCG vaccine strains [5, 6].
Additional, collecting biopsy tissues is traumatic. Xpert MTB/RIF is a molecular diagnostic test
which has been approved by WHO and are applied in many countries in the detecting of TB
and rifampin-resistant TB [1]. Studies have shown that sensitivity of this test was high in
smear-positive patients [7]. However, the sensitivity was much lower in smear negative patients
or patients with non-respiratory samples [7, 8]. Therefore, new diagnostic methods for TB are
urgently needed.

T-cell-based IFN-y release assays (IGRAs) have recently been developed. The two commer-
cially available IGRA approaches are the whole blood-based QuantiFERON-TB Gold In-Tube
(QFT-GIT) and the peripheral blood mononuclear cell (PBMC)-based T-SPOT.TB assay.
ELISA (enzyme-linked immunosorbent assay) or ELISPOT (enzyme-linked immunospot
assay) are used in IGRAs to detect Mycobacterium tuberculosis (MTB)-specific antigen-stimu-
lated IFN-y production. MTB-specific antigens early secreted antigenic target 6 (ESAT-6) and
culture filtrate protein 10 (CFP-10), both of which are encoded by the RD1 (region of differ-
ence 1) of MTB, are absent from BCG strains and most non-TB mycobacteria, so the specificity
of IGRAs for detecting MTB infections is superior to that of the TST [9, 10].

While there have been numerous studies performed in adults, few studies have been con-
ducted on the use of IGRAs in children. In an early study conducted in Germany, a country
that stopped using BCG vaccination in 1998, the authors found that QFT-GIT sensitivity for
diagnosing childhood TB disease is as high as 93% (95% CI, 77%-99%) [3]. The authors of one
review reported that QFT-GIT sensitivity for diagnosing ATB ranges from 62% to 94% [10].
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To investigate the diagnostic value of the QFT-GIT, we compared the performance of the
QFT-GIT in consecutive hospitalized children and adults with suspected ATB. To evaluate the
factors that influence the diagnostic value of the QFT-GIT, we assessed the effects of common
clinical factors, such as the use of glucocorticoids and anti-TB therapies, on the performance of
the QFT-GIT.

Materials and Methods
Study population

A total of 272 subjects with clinically suspected ATB were enrolled in this study, including 60
children younger than 16 years of age who were admitted to the Shanghai Public Health Clini-
cal Center and Children’s Hospital of Fudan University from December 2010 to August 2011,
and 212 adults who were admitted to the Huashan Hospital of Fudan University between
December 2010 and December 2011. The inclusion criteria are summarized in Table 1. Patients
with confirmed ATB at enrollment, and patients with an indefinite diagnosis before analysis
were excluded, as well as patients who were positive for HIV or who were treated in an outpa-
tient setting. Patient demographic information, clinical symptoms, imaging presentations,
pathological findings and treatment history were collected. The study was approved by the
Huashan Institutional Review Board at Fudan University (approval number KY2009-309). All
children were recruited after their guardians provided written informed consent, and all adult
patients provided written informed consent.

Definition and classification

All subjects with suspected ATB at enrollment were classified into the following four groups
according to their diagnosis after enrollment: 1) confirmed TB; 2) highly probable TB; 3) possi-
ble TB; 4) not TB [11]. The category definitions are summarized in Table 2. The diagnosing cli-
nicians were blind to the QFT-GIT outcome.

QuantiFERON-TB Gold In-Tube

The QFT-GIT assay (Cellestis, Australia) was performed according to the manufacturer’s
instructions. A nil control tube, TB antigen (ESAT-6, CFP-10, TB7.7) tube and mitogen tube
(positive control) were used to collect whole blood from each subject (1ml/tube). All tubes

Table 1. Inclusion and exclusion criteria for the study population.

Inclusion Criteria

One or more of the following criteria:
. T of more than 37.5°C, with or without weakness and night sweat.
. Cough, expectoration, hemoptysis or chest pain.
. Abdominal distension, abdominal pain, diarrhea, or hematochezia.
. Frequent micturition, urgent micturation, odynuria or hemauria.
. Headache, vomiting or unconsciousness.

o O A W N =

. Arthralgia, lumbar and back pain, with or without pathological fractures, and movement disorders.
7. Rash, subcutaneous mass, or lymphadenectasis.
Exclusion Criteria:
1. HIV test positive.
2. Already confirmed active tuberculosis
3. Outpatients with an indefinite final diagnosis because of transfers to outpatient treatment.

doi:10.1371/journal.pone.0103763.t001
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Table 2. Diagnostic classification of the patients.

Clinical Diagnostic Definition of the Case Categories
Groups

Confirmed tuberculosis Patients with clinical specimens (e.g., sputum, urine, cerebrospinal fluid, pus
and biopsy tissue) that are positive for mycobacterium tuberculosis in culture,
acid-fast stain or PCR.

Highly probable Patients with at least one of the following symptoms:
tuberculosis 1. Chest X-ray presentations suspected for active tuberculosis:
a. Miliary findings or tuberculoma in the lung.
b. Nonpyogenic pleural effusion.
c. Cavitation associated with subacute or chronic pneumonia.
2. Caseating granuloma in histology or biopsy tissue.
3. Diarrhea, hematochezia or ascites with abdominal lymphadenopathy.

4. Destruction or compression fracture of the vertebral bodies or paravertebral
abscess.

5. Clinical improvement with anti-tuberculosis treatment.

Possible tuberculosis  Patients who do not qualify for the two aforementioned diagnoses for whom
tuberculosis has not been ruled out.

Not tuberculosis Clinical improvement without anti-tuberculosis treatment or definite evidence of
other diseases

doi:10.1371/journal.pone.0103763.t002

were transferred to a 37°C incubator within 16 hours of collection. After a 16- to 24- hour incu-
bation, the tubes were centrifuged, the plasma was removed and an ELISA was used to measure
the IFN-y (IU/mL) level. The level of IFN-y release in response to MTB-specific antigens was
calculated by subtracting the nil control tube from the TB antigen tube. The result was consid-
ered positive if the calculated result was at least 0.35 IU/mL and at least 25% more than the nil
control value for any mitogen tube value. The result was considered negative if the positive
control IFN-y level minus nil control level was at least 0.5 IU/ml, and the calculated result was
atleast 0.35 IU/mL and less than 25% more than the nil control value, or no more than an
additional 0.35 IU/ml. Indeterminate results were defined as those with a calculated result of
less than 0.35 IU/ml, those with at least 0.35 IU/mL and less than 25% more than the nil con-
trol level and a positive control minus nil control value less than 0.5 IU/ml and those for which
the nil tube value was more than 8.0 IU/ml. According to the instrument limitations, the upper
limit of the test was 16 IU/ml and the lower limit was 0 IU/ml.

Statistical Analysis

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
were calculated to evaluate the QFT-GIT assay. For sensitivity and specificity calculations,
indeterminate results were included in the sum. The % test was used to compare proportions,
and the Mann Whitney test was used to compare the IFN-v level in different groups. P-values
of less than 0.05 were considered to be statistically significant. All data were analyzed with
SPSS 19.0 and GraphPad Prism 5.

Results
Characteristics of the study subjects

The ‘possible TB’ group, including 3 children and 15 adults, was excluded from the data analy-
sis (Fig 1). The demographic and clinical information of the remaining 3 groups are listed in
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272 children and adults

Blood sample for QFT-GIT*

Information collection and
diagnostic classification

Confirmed TB
23 (38.3%) children
7 (3.3%) adults

Highly probable TB
8 (13.3%) children
31 (14.6%) adults

Not TB
26 (43.3%) children
159 (75.0%) adults

Possible TB
3 (5.0%) children
15 (7.1%) adults

Included for data analysis

Excluded from

data analysis

Fig 1. Recruitment and diagnostic classification of the participants. *QFT-GIT: QuantiFERON-TB Gold In-Tube.

doi:10.1371/journal.pone.0103763.g001

Table 3. Thirty-one children and 38 adults were diagnosed with confirmed or highly probable
TB, and 26 children and 159 adults were diagnosed with other diseases.

Performance of the QFT-GIT assay

The qualitative results of the QFT-GIT assay for three diagnostic groups are listed in Table 4.
The positive test rates were comparable in the adults with confirmed and highly probable TB
(71.4% vs. 74.2%), but the positive test rate was higher in children with confirmed TB than in
children with highly probable TB (87.0% vs. 75.0%). For the sensitivity and specificity calcula-
tions, confirmed and highly probable TB cases were considered true ATB cases. The sensitivity
(83.9% vs. 73.7%), specificity (88.5% vs. 70.4%) and PPV (92.9% vs. 47.5%) were all higher in
children than in adults, respectively, and only the NPV (82.1% vs. 93.3%) was lower in children
than in adults. In patients with only extrapulmonary TB (5 children and 29 adults), positive
rate of QFT-GIT was 80% (4/5) in children and 65.5% (19/29) in adults. In comparison, in
patients with only pulmonary TB (9 children and 5 adults), positive rate was 88.9% (8/9) in
children and 100% (5/5) in adults. Additional diagnostic values for children and adults are
summarized in Table 5.
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Table 3. Demographic and clinical details of the study subjects.

Clinical Feature

Mean age (children: months; adults: years)
Male (n, %)
Chest radiographs (n, %)

Normal

Abnormal*

Not performed/unavailable
Tuberculosis type (n, %)

PTBt only

EPTB% only

Both PTB and EPTB
HIV-infected (n)
TB history
Close contact history
Glucocorticoid treatment(n,%)*
Anti-tuberculosis treatment(n,%)**

Confirmed TB Highly probable TB Not TB
Children Adults Children Adults Children Adults
N=23 N=7 N=8 N =31 N =26 N =159
56 4.7 42.4 49.5 57.2 47.8
12 (52.2) 4 (57.1) 4 (50.0) 17 (54.8) 13 (50.0) 98 (61.6)
0 (0.0) 1(14.3) 1 (12.5) 5(16.1) 8 (30.8) 44 (27.7)
23 (100.0) 6 (85.7) 7 (87.5) 22 (71.0) 16 (61.5) 105 (66.0)
0 (0.0) 0 (0.0) 0 (0.0) 4 (12.9) 2(7.7) 10 (6.3)
5(21.7) 1(14.3) 4 (50.0) 4 (12.9) 0 (0.0) 0 (0.0)

2 (8.7) 6 (85.7) 3(37.5) 23 (74.2) 0 (0.0) 0(0.0)
16 (69.6) 0 (0.0) 1(12.5) 4 (12.9) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0)
0 (0.0) 0 (0.0) 0 (0.0) 1(3.2) 0 (0.0) 16 (10.1)
5(21.7) 1(14.3) 2 (25.0) 2 (6.5) 0 (0.0) 7 (4.4)
11 (47.8) 3 (42.9) 1 (12.5) 11 (85.5) 0 (0.0) 67 (42.1)
0 (0.0) 2 (28.6) 0 (0.0) 14 (45.2) 0 (0.0) 14 (8.8)

YcAbnormal chest radiograph included miliary findings, tuberculoma, pleural effusion, cavitation, inflammatory infiltrations, calcification, lymphadenectasis

and other abnormal findings.
TPTB: pulmonary tuberculosis.
FEPTB: extra-pulmonary tuberculosis.

* Glucocorticoids treatment within one month preceding the QFT-GIT assay. The dose was converted as prednisolone: at least 1 mg/kg/d for children and

5 mg/d for adults.

** Anti-tuberculosis treatment within three months preceding the QFT-GIT assay

doi:10.1371/journal.pone.0103763.t003

The effects of glucocorticoids and anti-TB therapy on the QFT-GIT
assay

Of the patients with confirmed and highly probable TB, 38.7% (12/31) of the children and
36.8% (14/38) of the adults had been treated with glucocorticoids before the QFT-GIT test.
Additionally, 16 adults (and no children) had received anti-TB therapy within 3 months before
they were recruited; of these, 7 were also treated with glucocorticoids. To eliminate confound-
ing factors in evaluating the effect of the two interventions on the assay performance, we
removed the data from the 7 adults who underwent double interventions. Additionally, we
stratified the remaining ATB patients into “no treatment”, “glucocorticoid therapy” and “anti-
TB therapy” subgroups, and we recalculated the true positive and false negative rates for each
subgroup. Compared to the “no treatment” subgroup, both therapy interventions had a nega-
tive effect on the test performance (Fig 2A).

Table 4. Qualitative result of the QFT-GIT for each diagnostic classification.

Test Resuit Confirmed TB Highly probable TB Not TB
Children Adults Children Adults Children Adults
N =23 N=7 N=38 N =31 N =26 N =159
Positive (%) 20 (87.0) 5(71.4) 6 (75.0) 23 (74.2) 2(7.7) 31 (19.5)
Negative (%) 3(13.0) 1(14.3) 2 (25.0) 7 (22.6) 23 (88.5) 112 (70.4)
Indeterminate (%) 0 (0.0) 1(14.3) 0 (0.0) 1(3.2) 1(3.8) 16 (10.1)

doi:10.1371/journal.pone.0103763.t004
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Table 5. The evaluation index for children and adults.

Sensitivity Specificity PPV NPV Positive Negative
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) LR LR
Children 88.5 92.9 82.1 7.3 0.2
(66.3-94.6) (70.2-96.8) (76.5-99.1) (63.1-93.9)
Adults 70.4 47.5 93.3 25 0.4
(57.8-85.2) (62.9-77.0) (35.3-60.0) (87.2-96.8)

PPV: Positive predictive value.
NPV: Negative predictive value.
LR: Likelihood ratio.

doi:10.1371/journal.pone.0103763.t005

A o

Percentage of each result
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No specific features 5.3%
(n=1)
Age less than 5 years old ﬂ 5.3%
(=1)
Treated with both glucocorticoids and anti-TB drugs
Sl = 5.3%
d within 1 month (n=1)
Treated with only glucocorticoids more than 1
% . 10.5%
month earlier (n=2)
Treated with only glucocorticoids within 1 month ‘ 73.7%
(n=14)
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Glucosorticoid therapy

There were a total of 19 indeterminate results. Of these, 73.7% (14/19) had therapy with glu-
cocorticoids within the month preceding the QFT-GIT, 10.5% (2/19) were treated with gluco-
corticoids more than 1 month before the QFT-GIT, 5.3% (1/19) received both glucocorticoids
and anti-TB treatment in the month preceding the QFT-GIT, 5.3% (1/19) were children, and
5.3% (1/19) lacked specific features (Fig 2B). Low IFN-y release in response to mitogen stimu-
lation was responsible for all 18 indeterminate adult results. T-SPOT.TB was tested for the
indeterminate adults; the T-SPOT.TB test recognized 2 of 2 ATB patients, 15 of 16 non-TB
patients and only one false positive case (Table 6).

Quantitative analysis of the QFT-GIT

We found a significant difference (P<0.05) in the mitogen tube IFN-y levels between patients
treated with and without glucocorticoids in both adults and children (Fig 3A). In the ATB
cases, the average level of mitogen-stimulated IFN-y release was 19.4% lower in adult patients
treated with glucocorticoids than in the untreated patients (5.0 IU/ml vs. 6.2 IU/ml); the aver-
age mitogen-stimulated IFN-y release was also 31.3% lower in children treated with glucocorti-
coids than in the untreated patients (5.5 IU/ml vs. 8.0 IU/ml). Glucocorticoid treatment also
decreased the TB antigen-stimulated IFN-vy release by 6.5% in adults (4.3 IU/ml vs. 4.6 IU/ml)

Ad\ll!s 0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0%
Anti- TB Ahcnp\ Percentage of each condition

Fig 2. (A) The effects of glucocorticoids and anti-TB treatment on the QFT-GIT performance in children and adults with ATB. (B) The distribution of

the indeterminate cases.

doi:10.1371/journal.pone.0103763.9g002
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Table 6. Results of the T-SPOT.TB for adults with indeterminate QFT-GIT results.

Patient T-SPOT.TB
Positive Negative
Confirmed and highly probable TB (N = 2) 2 0
Not TB (N = 16) 1 15

doi:10.1371/journal.pone.0103763.t006

and 25.9% in children (4.0 IU/ml vs. 5.4 IU/ml). Anti-tuberculosis treatment increased the
mitogen-stimulated lymphocyte response in ATB cases but not in non-ATB cases (Fig 3B).
After eliminated the cases treated with glucocorticoids or anti-TB therapy, we found that the
mitogen-stimulated IFN-y level was lower in both children and adults with ATB than in non-
ATB patients (Fig 4).

Discussion

MTB and its components are potent inducers of monocyte cytokine production [12-14]. T
lymphocytes activate and proliferate after antigens are processed and presented to them, and
macrophage activation by the products of sensitized T lymphocytes, such as IFN-y, constitutes
TB-specific cell-mediated immunity (CMI). IGRAs can be used to examine IFN-v release that
is due to antigen-stimulated T lymphocyte activation. Our previous study revealed that anti-
TB drugs have a negative conversion effect on IGRAs, which is consistent with the finding that
approximately 38.5% of patients with ATB have negative T-SPOT.TB readings after 6 months
of treatment with anti-TB drugs [15]. In this study, 44.4% of patients with ATB converted to a
negative reading after less than 3 months of anti-TB treatment. The bactericidal effect on MTB
reduces antigen production and subsequently reduces antigen-stimulated IFN-y production.
The best timing for performing IGRAs is before empirical treatment against MTB is initiated.
Various factors affect the performance of the QFT-GIT (Table 5; Fig 2A). Our finding that
glucocorticoids lower the sensitivity of the QFT-GIT in both children and adults is consistent
with previous studies [16-18]. Moreover, anti-TB treatment increases the false-negative rate,
which decreases the test sensitivity in adults (83.9% vs. 73.7%). The higher sensitivity in chil-
dren than in adults may be due to the higher rate of extrapulmonary TB patients and a higher

(o8]

A. Children treated with glucocorticoids

B. Children with no therapy P=0.003

N
o
)

C. Adults treated with glucocorticoids

-
wn
1

D. Adults with no therapy

IFN-y in mitogen tube (IU/ml)
s
1

(n=8)

T
-TB therapy No therapy

(n=101) (n=9) (n=15)

Fig 3. Comparison of the IFN-y level in mitogen tubes in patients with different therapy regimens. (A) The effect of glucocorticoids on the mitogen-
stimulated IFN-y level between patients with and without ATB. ATB = active tuberculosis. non-ATB = diseases other than active tuberculosis. (Mean+SEM:
column A: 5.45+2.09; column B: 10.44+1.41; column C: 6.06+0.71; column D: 8.42+0.58). (B) The effect of anti-TB therapy on IFN-y in the mitogen tube in
adults with ATB (Mean+SEM: Anti-TB therapy: 13.31+1.17; No therapy: 6.21£1.17).

doi:10.1371/journal.pone.0103763.9g003
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ATB
(n=12) (n=8) (n=15) (n=86)

Children Adults

ATB Non-TB

Fig 4. Comparison of mitogen-stimulated IFN-y release between patients with and without ATB in the
absence of treatment. (MeantSEM: ATB children: 7.97+1.70; Non-TB children: 14.16+1.84; ATB adults:
6.21+1.17; Non-TB adults: 8.80+0.65).

doi:10.1371/journal.pone.0103763.g004

percentage of patients receiving either glucocorticoids or anti-TB therapy in adults than in chil-
dren. Positive rate was lower in adults with extrapulmonary TB (65.5%) and drugs can impact
negatively on QFT-GIT. The comparative specificity between children and adults indicates a
higher incidence of LTBI in the adult population. There was a much lower PPV in adults than
in children (47.5% vs. 92.9%) for the following two reasons: the rate of LTBI was higher in
adults than in children, and the incidence of ATB was lower in adults than in children (17.9%
vs. 51.7%)., The ATB incidence may also cause a higher NPV in adults than in children (93.3%
vs. 82.1%). In a high-burden setting, a recent study demonstrated that the T-SPOT.TB does
not add incremental diagnostic value to other clinical and laboratory evidence for active TB in
children [19]. Similarly, in our two cohorts, the positive likelihood ratios for children and
adults were less than 10, and the negative likelihood ratios were greater than 0.1. This suggested
that, regardless of age, the QFT-GIT did not increase the probability of confirming or ruling
out ATB.

In the experiment, mitogen was used to activate all naive and effector T cells in the tested
blood. A significant decline in mitogen-stimulated IFN-vy release was found in both children
and adults undergoing glucocorticoid therapy (Fig 3A), suggesting that glucocorticoids trigger
non-specific suppression of T cell proliferation and activation. In ATB cases undergoing gluco-
corticoid therapy, mitogen-stimulated IFN-y release decreased by 31.3% in children and 19.4%
in adults. Simultaneously, the decline in the TB antigen-stimulated IFN-vy release was 25.9% in
children and 6.5% in adults. Non-specific CMI defects may delay the establishment of TB-spe-
cific CMI in children. TB-specific CMI may be much stronger for adult patients than for chil-
dren because adult patients have a higher risk of infection with MTB before developing ATB.
Accordingly, TB-specific immunity may remain relatively active and may not be inhibited in a
parallel with suppressed non-specific CML.

After removing subjects treated with either interventions (glucocorticoids or anti-TB ther-
apy) from the analysis, mitogen-stimulated IFN-vy release was lower in the ATB patients for
both age groups (Fig 4). The direction of causality between immunosuppression and ATB
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merits discussion. On the one hand, insufficient non-specific CMI delays the establishment of
TB-specific CMI or attenuates established TB-specific CMI, which leads to active disease. On
the other hand, a downturn in CMI may result from the constantly consumption of circulating
T cells in the clearance of MTB. During active disease, T lymphocytes are systemically mobi-
lized, and the fluctuating range of mitogen-stimulated T cell activation in the bloodstream rep-
resents a dynamic interplay of T cell development, migration and consumption. When T cell
consumption is faster than replenishment, the size of the “circulating T cell pool” shrinks.
With increased bactericidal action of drugs, the reservoir of circulating T cells is gradually
restored (Fig 3B). Because anti-TB drugs do not directly target a host’s CMI and subjects lack-
ing ATB do not showed an elevated response after anti-TB therapy, the elevated mitogen-stim-
ulated response may be a consequence of the lower effector T cell consumption in response to
fewer microbial antigens.

Young age has been correlated with indeterminate QFT-GIT results in several studies [20-
22]. However, of our 19 indeterminate cases, only one was a young patient (younger than 5
years old), and 90% of the cases were linked to glucocorticoid therapy (Fig 2B). Interestingly,
glucocorticoid therapy does not seem to affect mitogen-stimulated IFN-y release in the
T-SPOT.TB assay as much as in the QFT-GIT (Table 6). The QFT-GIT is a whole blood IFN-y
release assay, and any changes in the function or the number of antigen-stimulated T cells
would influence the QFT-GIT measurement of the total IFN-y production. However, as for
IGRAs, the T-SPOT.TB assay counts the number of antigen-specific T cells in 2.5X10” of the
PBMCs. Even in the presence of down-regulation in either the average activation level or the
number of activated T lymphocytes, as long as the number of mitogen panel spots is more than
20, T-SPOT.TB does not yield indeterminate results. With the low mitogen-stimulated IFN-y
production in the QFT-GIT, our data suggests that even in the case of immunosuppression due
to glucocorticoids or other unknown reasons, there are rarely fewer than 20 mitogen-stimu-
lated T cells. The insensitivity of the T-SPOT.TB for detecting fluctuations in the proliferation
and activation of PBMCs reduces indeterminate results, favoring interpretations for immuno-
compromised patients.

This study consecutively enrolled hospitalized patients; therefore, bias could result from the
unbalanced number of patients and the non-matched clinical characteristics that were com-
pared between groups, including age, immune status, and therapeutic regimen. The small sam-
ple size for each group may have biased the analysis factors influencing the QFT-GIT. The
preliminary findings in this study will be further validated in future randomized controlled
trials.

Conclusions

Both the MTB load and the T lymphocyte function influenced the QFT-GIT diagnostic value.
IGRAs should be performed as early as ATB is suspected because the diagnostic value of these
tests deceases as soon as anti-TB drugs are administered. In immunocompromised individuals
with a higher likelihood of indeterminate results, the T-SPOT.TB is an alternative to the
QFT-GIT. According to our quantitative analysis, the QFT-GIT can detect non-specific and
TB-specific CMI in the development and progression of TB.

Acknowledgments

The authors would like to thank the staff at the Department of Infectious Diseases at Huashan
Hospital, Department of Tuberculosis Disease at Shanghai Public Health Clinical Center and
Department of Respiratory at the Childrens’ Hospital of Fudan University, Shanghai, China;
without their assistance and support, this work wouldn’t have been possible.

PLOS ONE | DOI:10.1371/journal.pone.0103763 August 19, 2015 10/12



@’PLOS ‘ ONE

QFT-GIT in the Diagnosis of Tuberculosis

Author Contributions

Conceived and designed the experiments: WZ SL LS YZ. Performed the experiments: TL YS.
Analyzed the data: LB TL. Contributed reagents/materials/analysis tools: LB TL. Wrote the
paper: LB TL ND.

References

1.
2
3.

10.

11.

12

13.

14.

15.

16.

Organization WH. Global Tuberculosis Control:WHO Report 2013. Genava: WHO; 2013 May.
Organization WH. Global Tuberculosis Control: WHO Report 2012. Genava: WHO; 2012. 258 p.

Detjen AK, Keil T, Roll S, Hauer B, Mauch H, Wahn U, et al. Interferon-gamma release assays improve
the diagnosis of tuberculosis and nontuberculous mycobacterial disease in children in a country with a
low incidence of tuberculosis. Clinical infectious diseases: an official publication of the Infectious Dis-
eases Society of America. 2007; 45(3):322-8. doi: 10.1086/519266 PMID: 17599309.

Ashenafi S, Aderaye G, Zewdie M, Ragib R, Bekele A, Magalhaes |, et al. BCG-specific IgG-secreting
peripheral plasmablasts as a potential biomarker of active tuberculosis in HIV negative and HIV positive
patients. Thorax. 2013; 68(3):269-76. doi: 10.1136/thoraxjnl-2012-201817 PMID: 22923457; PubMed
Central PMCID: PMC3585487.

Cruz AT, Geltemeyer AM, Starke JR, Flores JA, Graviss EA, Smith KC. Comparing the tuberculin skin
testand T-SPOT.TB blood test in children. Pediatrics. 2011; 127(1):e31-8. doi: 10.1542/peds.2010-
1725 PMID: 21135009.

Burl S, Adetifa UJ, Cox M, Touray E, Whittle H, McShane H, et al. The tuberculin skin test (TST) is
affected by recent BCG vaccination but not by exposure to non-tuberculosis mycobacteria (NTM) dur-
ing early life. PloS one. 2010; 5(8):e12287. doi: 10.1371/journal.pone.0012287 PMID: 20808814;
PubMed Central PMCID: PMC2924396.

Sohn H, Aero AD, Menzies D, Behr M, Schwartzman K, Alvarez GG, et al. Xpert MTB/RIF testing in a
low tuberculosis incidence, high-resource setting: limitations in accuracy and clinical impact. Clinical
infectious diseases: an official publication of the Infectious Diseases Society of America. 2014; 58
(7):970-6. doi: 10.1093/cid/ciu022 PMID: 24429440.

Bunsow E, Ruiz-Serrano MJ, Lopez Roa P, Kestler M, Viedma DG, Bouza E. Evaluation of GeneXpert
MTB/RIF for the detection of Mycobacterium tuberculosis and resistance to rifampin in clinical speci-
mens. The Journal of infection. 2014; 68(4):338—43. doi: 10.1016/}.jinf.2013.11.012 PMID: 24296493.

Kobashi Y, Mouri K, Yagi S, Obase Y, Miyashita N, Okimoto N, et al. Clinical utility of the QuantiFERON
TB-2G test for elderly patients with active tuberculosis. Chest. 2008; 133(5):1196—202. doi: 10.1378/
chest.07-1995 PMID: 18263689.

Sester M, Sotgiu G, Lange C, Giehl C, Girardi E, Migliori GB, et al. Interferon-gamma release assays
for the diagnosis of active tuberculosis: a systematic review and meta-analysis. The European respira-
tory journal: official journal of the European Society for Clinical Respiratory Physiology. 2011; 37
(1):100-11. doi: 10.1183/09031936.00114810 PMID: 20847080.

Rachow A, Clowes P, Saathoff E, Mtafya B, Michael E, Ntinginya EN, et al. Increased and expedited
case detection by Xpert MTB/RIF assay in childhood tuberculosis: a prospective cohort study. Clinical
infectious diseases: an official publication of the Infectious Diseases Society of America. 2012; 54
(10):1388-96. doi: 10.1093/cid/cis190 PMID: 22474220.

Ernst JD. The immunological life cycle of tuberculosis. Nature reviews Immunology. 2012; 12(8):581—
91. doi: 10.1038/nri3259 PMID: 22790178.

Wang X, Barnes PF, Huang F, Alvarez IB, Neuenschwander PF, Sherman DR, et al. Early secreted
antigenic target of 6-kDa protein of Mycobacterium tuberculosis primes dendritic cells to stimulate Th17
and inhibit Th1 immune responses. Journal of immunology. 2012; 189(6):3092—103. doi: 10.4049/
jimmunol.1200573 PMID: 22904313; PubMed Central PMCID: PMC3436987.

YuY,ZhangY, Hu S, Jin D, Chen X, Jin Q, et al. Different Patterns of Cytokines and Chemokines Com-
bined with IFN-gamma Production Reflect Mycobacterium tuberculosis Infection and Disease. PloS
one. 2012; 7(9):e44944. doi: 10.1371/journal.pone.0044944 PMID: 23028695; PubMed Central
PMCID: PMC3441719.

Zhang S, Shao L, Mo L, Chen J, Wang F, Meng C, et al. Evaluation of gamma interferon release assays
using Mycobacterium tuberculosis antigens for diagnosis of latent and active tuberculosis in Mycobac-
terium bovis BCG-vaccinated populations. Clinical and vaccine immunology: CVI. 2010; 17(12):1985—
90. doi: 10.1128/CV1.00294-10 PMID: 20943878; PubMed Central PMCID: PMC3008201.

Helwig U, Muller M, Hedderich J, Schreiber S. Corticosteroids and immunosuppressive therapy influ-
ence the result of QuantiFERON TB Gold testing in inflammatory bowel disease patients. Journal of
Crohn's & colitis. 2012; 6(4):419-24. doi: 10.1016/j.crohns.2011.09.011 PMID: 22398067.

PLOS ONE | DOI:10.1371/journal.pone.0103763 August 19, 2015 11/12


http://dx.doi.org/10.1086/519266
http://www.ncbi.nlm.nih.gov/pubmed/17599309
http://dx.doi.org/10.1136/thoraxjnl-2012-201817
http://www.ncbi.nlm.nih.gov/pubmed/22923457
http://dx.doi.org/10.1542/peds.2010-1725
http://dx.doi.org/10.1542/peds.2010-1725
http://www.ncbi.nlm.nih.gov/pubmed/21135009
http://dx.doi.org/10.1371/journal.pone.0012287
http://www.ncbi.nlm.nih.gov/pubmed/20808814
http://dx.doi.org/10.1093/cid/ciu022
http://www.ncbi.nlm.nih.gov/pubmed/24429440
http://dx.doi.org/10.1016/j.jinf.2013.11.012
http://www.ncbi.nlm.nih.gov/pubmed/24296493
http://dx.doi.org/10.1378/chest.07-1995
http://dx.doi.org/10.1378/chest.07-1995
http://www.ncbi.nlm.nih.gov/pubmed/18263689
http://dx.doi.org/10.1183/09031936.00114810
http://www.ncbi.nlm.nih.gov/pubmed/20847080
http://dx.doi.org/10.1093/cid/cis190
http://www.ncbi.nlm.nih.gov/pubmed/22474220
http://dx.doi.org/10.1038/nri3259
http://www.ncbi.nlm.nih.gov/pubmed/22790178
http://dx.doi.org/10.4049/jimmunol.1200573
http://dx.doi.org/10.4049/jimmunol.1200573
http://www.ncbi.nlm.nih.gov/pubmed/22904313
http://dx.doi.org/10.1371/journal.pone.0044944
http://www.ncbi.nlm.nih.gov/pubmed/23028695
http://dx.doi.org/10.1128/CVI.00294-10
http://www.ncbi.nlm.nih.gov/pubmed/20943878
http://dx.doi.org/10.1016/j.crohns.2011.09.011
http://www.ncbi.nlm.nih.gov/pubmed/22398067

@’PLOS ‘ ONE

QFT-GIT in the Diagnosis of Tuberculosis

17.

18.

19.

20.

21.

22,

Ramos JM, Masia M, Rodriguez JC, Lopez C, Padilla S, Robledano C, et al. Negative effect of immuno-
suppressive therapy in the performance of the QuantiFERON Gold In-Tube test in patients with
immune-mediated inflammatory diseases. Clinical and experimental medicine. 2012. doi: 10.1007/
510238-012-0192-7 PMID: 22736247.

Belard E, Semb S, Ruhwald M, Werlinrud AM, Soborg B, Jensen FK, et al. Prednisolone treatment
affects the performance of the QuantiFERON gold in-tube test and the tuberculin skin test in patients
with autoimmune disorders screened for latent tuberculosis infection. Inflammatory bowel diseases.
2011;17(11):2340-9. doi: 10.1002/ibd.21605 PMID: 21319275.

Ling DI, Nicol MP, Pai M, Pienaar S, Dendukuri N, Zar HJ. Incremental value of T-SPOT.TB for diagno-
sis of active pulmonary tuberculosis in children in a high-burden setting: a multivariable analysis. Tho-
rax. 2013; 68(9):860-6. doi: 10.1136/thoraxjnl-2012-203086 PMID: 23674550.

Banfield S, Pascoe E, Thambiran A, Siafarikas A, Burgner D. Factors associated with the performance
of a blood-based interferon-gamma release assay in diagnosing tuberculosis. PloS one. 2012; 7(6):
€38556. doi: 10.1371/journal.pone.0038556 PMID: 22701664; PubMed Central PMCID: PMC3373489.

Critselis E, Amanatidou V, Syridou G, Spyridis NP, Mavrikou M, Papadopoulos NG, et al. The effect of
age on whole blood interferon-gamma release assay response among children investigated for latent
tuberculosis infection. The Journal of pediatrics. 2012; 161(4):632—8. doi: 10.1016/j.jpeds.2012.04.007
PMID: 22632878.

Rose MV, Kimaro G, Nissen TN, Kroidl I, Hoelscher M, Bygbjerg IC, et al. QuantiFERON(R)-TB gold in-
tube performance for diagnosing active tuberculosis in children and adults in a high burden setting.
PloS one. 2012; 7(7):e37851. doi: 10.1371/journal.pone.0037851 PMID: 22808002; PubMed Central
PMCID: PMC3395691.

PLOS ONE | DOI:10.1371/journal.pone.0103763 August 19, 2015 12/12


http://dx.doi.org/10.1007/s10238-012-0192-7
http://dx.doi.org/10.1007/s10238-012-0192-7
http://www.ncbi.nlm.nih.gov/pubmed/22736247
http://dx.doi.org/10.1002/ibd.21605
http://www.ncbi.nlm.nih.gov/pubmed/21319275
http://dx.doi.org/10.1136/thoraxjnl-2012-203086
http://www.ncbi.nlm.nih.gov/pubmed/23674550
http://dx.doi.org/10.1371/journal.pone.0038556
http://www.ncbi.nlm.nih.gov/pubmed/22701664
http://dx.doi.org/10.1016/j.jpeds.2012.04.007
http://www.ncbi.nlm.nih.gov/pubmed/22632878
http://dx.doi.org/10.1371/journal.pone.0037851
http://www.ncbi.nlm.nih.gov/pubmed/22808002

