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Abstract
Background: We performed a prospective multicentre diagnostic study to evaluate the combined interferon-γ (IFNγ) and interleukin-2 (IL-2) release assay for detect active pulmonary tuberculosis (TB) in China.
Methods: Adult patients presenting symptoms suggestive of pulmonary TB were consecutively enrolled in three TBspecialized hospitals. Sputum specimens and blood sample and were collected from each participant at enrolment.
The levels of Mycobacterium tuberculosis (MTB)-specific antigen-stimulated IFN-γ and IL-2 were determined using
enzyme-linked immunosorbent assay (ELISA).
Results: Between July 2017 and December 2018, a total of 3245 patients with symptoms suggestive of pulmonary
TB were included in final analysis. Of 3245 patients, 2536 were diagnosed as active TB, consisting of 1092 definite TB
and 1444 clinically diagnosed TB. The overall sensitivity and specificity of IFN-γ were 83.8% and 81.5%, respectively. In
addition, compared with IFN-γ, the specificity of IL-2 increased to 94.3%, while the sensitivity decreased to 72.6%. In
addition, the highest sensitivity was achieved with parallel combination of IFN-γ/IL-2, with a sensitivity of 87.9%, and
its overall specificity was 79.8%. The sensitivity of series combination test was 68.5%. Notably, the sensitivity of series
combination test in definite TB (72.1%) was significantly higher than that in clinically diagnosed TB (65.8%).
Conclusion: In conclusion, we develop a new immunological method that can differentiate between active TB and
other pulmonary diseases. Our data demonstrates that the various IFN-γ/IL-2 combinations provides promising alternatives for diagnosing active TB cases in different settings. Additionally, the diagnostic accuracy of series combination
correlates with severity of disease in our cohort.
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Background
Tuberculosis (TB), caused by infection with the bacterium Mycobacterium tuberculosis (MTB) complex,
remains a major cause of mortality and morbidity worldwide, especially in developing countries [1, 2]. According
to recent estimates, there were 10.0 million incident TB
cases and 1.4 million TB deaths in 2018, raising a global
public health concern [2]. Early and accurate diagnosis
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of TB is essential to initiate timely and proper treatment,
and reduce TB transmission in the community [3]. However, of the estimated 10.0 million new TB cases, only
7.2 million were diagnosed [2]. The diagnostic gap is
majorly caused by the lack of highly sensitive and accessible methods [4]. Recently, WHO recommended use of
molecular diagnostics as the initial test for tuberculosis
to increase case detection, such as GeneXpert MTB/
RIF and TB-LAMP [5, 6]. Despite their promising efficacy in detecting culture-positive TB patients, they have
insufficient sensitivity to provide confirmed evidence for
culture-negative patients that account for half of TB burden [4]. In view of the paucibacillary nature of most culture-negative cases, this rigorous challenge highlights the
urgent need to develop novel immunological diagnostics
based on blood test rather than direct detection of the
bacteria or nucleic acids [4].
Over the past decade, advances in host immune
mechanisms against tubercle bacilli have facilitated the
development of new immunological tests [7]. Of these,
interferon-γ (IFN-γ) release assays (IGRAs), immunebased blood tests that measure T-cell responses to
MTB-specific antigens, are widely used for detecting
MTB infection [8]. The high accuracy of these assays
relies upon detection of IFN-γ, which is considered as
the most important cytokine secreted by type 1 (Th-1) T
cell response in host to effectively control the infection
with MTB [9]. Although IGRAs have been established
as the gold standard for diagnosing latent tuberculosis
infection (LTBI), they are not endorsed for differentiating active TB from LTBI [10]. Recently, besides ESAT-6
and CFP-10, the new generation of IGRA includes the
new MTB-specific secreted protein TB 7.7 as antigen
that boosts the host cellular immune response, thereby
achieving the increased sensitivity for identifying LTBI
[11]. However, the unvarying detection principle hinders
its application in diagnosing of active cases or predicting
the risk of developing active disease. Discovery of other
immunological biomarkers thus presents an opportunity
to develop the novel diagnostics to discriminate between
active TB and LTBI [3].
Besides IFN-γ, interleukin-2 (IL-2) is additional
cytokine produced by Th1 cells, which stimulates both
Th1 cells and cytotoxic T lymphocytes [9]. Evidence
from previous studies suggests that the IL-2 plays important roles in protective immune responses against MTB
infection, and increasing concentrations of IL-2 were
observed in the body fluids of active TB individuals compared with control individuals [12]. However, discordant
results concerning the role of IL-2 in predicting the active
TB development from LTBI have been reported by various researchers [13, 14]. It’s worth noting that the previous conclusions were drawn based on small samples,
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which could weaken their reliability. Therefore, more
clinical data is urgently required to elucidate the role of
IL-2 to differentiate active TB from LTBI and other respiratory diseases. To address this concern, we performed
a prospective multicentre diagnostic study to evaluate the
combined IFN-γ and IL-2 release assay for detect active
pulmonary tuberculosis in China.

Materials and methods
Participants

We conducted a prospective multicenter study in three
TB-specialized hospitals in China, including Guangzhou
Chest Hospital, Hunan Chest Hospital, and Xinjiang
Uyghur Chest Hospital. Adult patients presenting symptoms suggestive of pulmonary TB were consecutively
enrolled in the pilots, whereas those aged < 18 years and
unwilling to provide informed consent were excluded
from our study. Participants were first interviewed by
clinical physicians at enrolment. Then a baseline blood
sample was drawn and demographic data were collected
by completion of a case report form. Participants were
followed up for 6 months thereafter, in order to monitor the response to anti-TB treatment if initiated. For
patients affected by non-TB disease, the final diagnosis
was made by hospital clinicians according to medical
record. The study was approved by the Ethical Committee of the Guangzhou Chest Hospital, and all participants
gave their written informed consent.
Definitions

Diagnoses of all participants were categorized into four
groups on the basis of physical examination, laboratory
results and the response to medications: (i) definite tuberculosis: microbiological culture or positive molecular
test of MTB, clinical symptoms and radiological findings
suggestive of TB; (ii) clinically diagnosed tuberculosis:
clinical symptoms and radiological findings suggestive
of TB plus appropriate response to anti-TB therapy; (iii)
latent tuberculosis infection: positive IGRA results and
no clinical evidence of active TB cases; (iv) Others: negative IGRA results and final diagnosis of other respiratory
diseases. Active TB cases included definite and clinically
diagnosed TB cases, while non-TB cases included LTBI
and other diseases.
Laboratory procedures

Sputum specimens and blood sample (8 mL) and were
collected from each participant at enrolment. Sputum
was stained with auramine O and examined for acid-fast
bacilli using fluorescent microscopy according to guidelines of the National Tuberculosis Programme in China
[15]. Specimens were processed immediately with the
NALC method. After neutralization with PBS buffer,
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each suspension was centrifuged for 15 min at 3000×g.
The resuspension of pellet was inoculated into a BACTEC MGIT tube (BD Microbiology Systems, USA) [16].
All positive cultures underwent species identification for
MTB with the MPT64 antigen method, and the positive
cultures without MPT64 expression were further identified by molecular method as previously reported [16].
Additionally, 1.0 mL of sputum specimen was digested
with 2.0 mL of Xpert sample reagent. After incubation at
room temperature for 15 min, 2.0 mL of inactivated mixture was pipetted into a Xpert MTB/RIF cartridge.
For blood sample, 3 mL was detected with QuantiFERON-TB Gold according to the manufacturer’s instructions. In addition, the peripheral blood mononuclear
cells (PBMCs) of the remaining 4 mL blood sample were
separated using lymphocyte cell separation media (TBD,
Tianjin, China) within 4 h of blood withdrawal. Then the
PBMCs with a density of 2.5 × 106 cells/mL were stimulated with an ESAT-6–CFP-10-Rv1985c fusion protein
(T), positive control phytohemagglutinin (PHA) (P),
and negative control AIM-V medium (N) at 37 °C for
16–20 h. Cell culture supernatants were collected after
16–20 h of incubation for cytokine determination. The
supernatant was stored at 20 °C until assays were performed. The levels of IFN-γ and IL-2 were determined
using enzyme-linked immunosorbent assay (ELISA). The
values of MTB-specific antigen-stimulated cytokines
were calculated from TB antigen (T) minus negative control (N).
Statistical analysis

The original data were entered into a computer by a double data entry method using the EpiData Entry data entry
program (http://www.epidata.dk/). The input database
was exposed to SPSS 20.0 for analysis. The Chi-square
analysis was performed to investigate the distribution
of TB cases stratified to different demographic characteristics across different groups. Student’s t-test were
conducted for continuous demographic variables. In
addition, the cut-off values were determined by the
receiver operating characteristic (ROC) curve analysis. P
values less than 0.05 were interpreted as statistically significant. All statistical calculations were conducted using
SPSS version 15.0 (SPSS, Chicago, IL).

Results
Participants

Between July 2017 and December 2018, a total of 3547
patients with symptoms suggestive of pulmonary TB
were enrolled in the study. Of them, 293 (8.3%) were
excluded from analysis on the basis of exclusion criteria, including 85 with a history of TB diagnosis, 152
lost to follow-up, 12 withdrew consent, 3 deaths, and
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48 without available laboratory results. Finally, 3245
patients were included in final analysis (Fig. 1). Demographic and clinical characteristics of the study population are summarized in Table 1. The median age of the
cohort was 52.0 years (IQR 33.0–65.0), and 61.1% of the
patients were male. Of 3245 patients, 2536 were diagnosed as active TB, consisting of 1092 definite TB and
1444 clinically diagnosed TB. The reaming 718 non-TB
cases were subclassified according to their final diagnosis. The pneumonia and lung cancer were the most
frequently observed diseases, accounting 84.8% of nonTB cases. In addition, 223 (31.1%) out of 718 cases were
classified as LTBI.
Diagnostic utility of IFN‑γ and IL‑2 release assay

The ROC curves of IFN-γ and IL-2 release assay for
diagnosing active TB cases were shown in Fig. 2. The
area under ROC curve was 0.859 [95% confidence
interval (95% CI) 0.842–0.875] for IFN-γ and 0.865
(95% CI 0.851–0.879) for IL-2. The optimal cut-off values for IFN-γ and IL-2 were determined as 7.38 ng/L
and 20.19 ng/L, respectively. Based on these cutoff
values, the corresponding sensitivity, specificity, positive predictive value and negative predictive value
were summarized in Table 2. The overall sensitivity
and specificity of IFN-γ were 83.8% (95% CI 82.2–85.2)
and 81.5% (95% CI 78.4–84.2), respectively. In addition,
compared with IFN-γ, the specificity of IL-2 increased
to 94.3% (95% CI 92.3–95.8), while the sensitivity
decreased to 72.6% (95% CI 70.8–74.3).
Diagnostic utility of combined use of IFN‑γ and IL‑2

We further analyzed the diagnostic utility of combined use of IFN-γ and IL-2 for diagnosis of active TB
cases. As shown in Table 3, the highest sensitivity was
achieved with parallel combination that included IFN-γ
and IL-2, with a sensitivity of 87.9% (95% CI 86.5–89.1),
and its overall specificity was 79.8% (95% CI 76.6–82.6).
When the series combination of IFN-γ and IL-2, 689
out of 718 non-TB were correctly identified, giving as
specificity of 96.0% (95% CI 94.2–97.2). In addition, the
overall sensitivity of series combination test was 68.5%
(95% CI 66.6–70.3). Notably, the sensitivity of series
combination test in definite TB (72.1%, 95% CI 69.3–
74.8) was significantly higher than that in clinically
diagnosed TB (65.8%, 95% CI 63.3–68.2; P = 0.001). Of
the 1,055 definite TB patients, 579 (54.9%) had smearnegative results. Sensitivity of various combinations
in this population were: 73.1% (95% CI 68.8–77.0) for
series combination, and 90.1% (95% CI 87.0–92.6) for
parallel combination.
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Fig. 1 Enrolment of patients with symptoms suggestive of pulmonary tuberculosis

Table 1 Demographic and clinical characteristics of participants
enrolled in this study
Characteristica

No. of
participants (%)
(N = 3254)

Median age (IQR)—year

52.0 (33.0–65.0)

Male sex—no. (%)

1989 (61.1%)

Region
Guangzhou

901 (27.7)

Hunan

1044 (32.1)

Xinjiang

1309 (40.2)

Classification

a

Active TB

2536 (77.9)

  Definite TB

1055 (33.6)

  Clinically diagnosed TB

1481 (44.4)

Non-TB

718 (22.1)

  Pneumonia

382 (11.7)

  Lung cancer

227 (7.0)

  Bronchiectasis

82 (2.5)

  NTM

27 (0.8)

IQR inter quartile range, TB tuberculosis, NTM nontuberculous mycobacteria

Fig. 2 ROC curve of IFN-γ/IL-2 for differentiating active TB from
non-TB

Discussion
Current diagnostic tests for tuberculosis remains challenging despite years of development [3]. The poor sensitivity of conventual culture and molecular tests highlights
the requirement of novel diagnostics that providing an
opportunity to diagnose active tuberculosis patients,
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Table 2 Diagnostic accuracy of the MTB antigen-stimulated INF-γ and IL-2 for diagnosis of active tuberculosis
Cytokine

AUC (95% CI)

Cut-off value Sensitivity (%, 95% CI)
(pg/mL)

IFN-γ

0.859 (0.842–0.875)

7.38

IL-2

0.865 (0.851–0.879)

20.19

Specificity (%, 95% CI)

PPV (%, 95% CI)

NPV (%, 95% CI)

83.8 (82.2–85.2)

81.5 (78.4–84.2)

94.1 (93.0–95.0)

58.7 (55.5–61.7)

72.6 (70.8–74.3)

94.3 (92.3–95.8)

97.8 (97.0–98.4)

49.3 (46.6–52.0)

AUCarea under curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value

Table 3 Diagnostic accuracy of the combined INF-γ and IL-2 for diagnosis of active tuberculosis cases
Classification

Series combination of INF-γ and IL-2

Parallel combination of INF-γ and IL-2

n/N

n/N

Estimate (95% CI)

Estimate (95% CI)

Sensitivity for active tuberculosis
All active tuberculosis

1736/2536

68.5 (66.6–70.3)

2228/2536

87.9 (86.5–89.1)

Definite tuberculosis

761/1055

72.1 (69.3–74.8)

942/1055

89.3 (87.2–91.1)

  Smear-positive tuberculosis

413/579

71.3 (67.4–74.9)

513/579

88.6 (85.7–91.0)

  Smear-negative tuberculosis

348/476

73.1 (68.8–77.0)

429/476

90.1 (87.0–92.6)

Clinically diagnosed tuberculosis

975/1481

65.8 (63.3–68.2)

1286/1481

86.8 (85.0–88.5)

Specificity for active tuberculosis
Active tuberculosis excluded

689/718

96.0 (94.2–97.2)

573/718

79.8 (76.6–82.6)

Active tuberculosis and LTBI excluded

495/495

100.0 (99.0–100.0)

470/495

94.9 (92.5–96.6)

Predictive values for all tuberculosis
Positive predictive value

1736/1765

98.4 (97.6–98.9)

2228/2373

93.9 (92.8–94.8)

Negative predictive value

689/1489

46.3 (43.7–48.8)

573/881

65.0 (61.8–68.2)

especially those with paucibacterial specimens [17]. In
this study, we develop a new immunological method that
can differentiate between active TB and other pulmonary diseases. In a recent meta-analysis, Erascella et al.
found that the asymptomatic TB accounted for a substantial proportion of disease burden [18]. These patents
always had negative or paucibacillary sputum samples,
highlighting the incapability to conventional methods to
diagnose them. As an alternative, this TB-specific immunologic assay may provide more benefit for these asymptomatic individuals, thereby facilitating early diagnosis
and timely initiation of appropriate therapy for pulmonary TB.
The sensitivity achieved 87.9% by the parallel use of TBspecific antigen stimulated the IFN-γ and IL-2, compared
with 83.8% by the single use of IFN-γ. The increase in the
sensitivity was majorly due to the introduction of IL-2 as
the parallel diagnostic marker, indicating that approximate 16% of active TB cases have negative IFN-γ results,
whereas one of quarter of these cases have positive IL-2
results. Similarly, in a recent systematic review, a pooled
sensitivity of 81% was estimated for the active TB cases
of the QFT-GIT [8]. Previous studies have proposed
various aetiologies affecting the immunosuppression for
false-negative IGRA test results, and therefore reduced
reactivity to the assays [8]. In contrast, when setting the

positive control (PBMCs stimulated with phytohemagglutinin) of our assays as indicators for the individual
immune response, we could not identify the immunosuppression as risk factor for false-positive results (data not
shown). A potential explanation for the negative IGRA
results may be due to the compartmentalization of T cells
[19]. Considering that the peripheral blood T cells are
isolated for measuring IFN-γ levels in IGRA assays, the
recruitment of the TB antigen-specific T cells at the sites
of infections during the initial course of TB diseases may
be associated with negative IGRA results.
Of note, despite failure to detect the excretion of IFN-γ,
a small proportion of MTB-specific T cells only secreted
IL-2 in our population. In line to our observation, an
experimental study on dynamic relationship between
IFN-γ and IL-2 profile during the nature of human tuberculosis demonstrated that newly detectable IL-2-only
secreting CD4+ T cells during and after treatment [20],
indicating its potential role for the differential diagnosis between active tuberculosis and LTBI. Our detailed
analysis of MTB-specific cytokine excretion confirmed
that IL-2 is more specific for active TB cases than IFNγ. During the course of TB infection, the MTB-specific
T cells express high level of PD-1 at the late phase of
chronic infection, thus limiting their capacity to excrete
IL-2 rather than IFN-γ [21], and this may be a plausible
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explanation for high specificity of IL-2 in TB diagnosis.
When series combination of IFN-γ and IL-2, the specificity further increased to 96.0%, which was comparable
to molecular diagnostics for culture-positive cases, but it
could even produce reliable results for culture-negative
cases.
In view of the diagnostic utility of combined IFN-γ
and IL-2 release assay, we modeled the false positive and
false negative values for diagnosis of active TB with varying prevalence of active TB (Fig. 3), and proposed two
diagnostic algorithms suitable for different hospital settings. For general hospitals in China which are in charge
of screening tuberculosis suspects, approximate 10% of
patients with symptoms suggestive of TB these TB suspects are finally diagnosed as having active TB [22]. The

Fig. 3 Positive predictive value and negative predictive value for
TB detection using parallel and series combination of IFN-γ/IL-2
according to varying proportions of active TB among individuals with
symptoms suggestive of TB
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use of parallel combination with higher sensitivity could
help clinicians identify more patients at high risk of active
TB compared with the conventional smear microscopy.
For TB-specialized hospitals, the proportion of active TB
among TB suspects arrives at 50% [23]. Thus, the series
combination is endorsed to facilitate earlier diagnosis of
active TB patients, thereby preventing empiric treatment
that might undermine clinical effect.
Another interesting finding of our study is the correlation the diagnostic accuracy and severity of disease in the population. The sensitivity of series IFN-γ/
IL-2 combination in definite TB cases was significantly
higher than that in clinically diagnosed cases. Chee and
colleagues reported that quantitative T cells response is
associated with mycobacterial burden and disease activity [24], whereas the conflicting results were observed in
another experimental study that suggested lack of a clear
correlation between antigen burden and T cell response
[25]. Our results are consistent with the former that the
enhanced stimulation with the increasing MTB-specific
antigens results in stronger immunoregulatory cytokine
production among active TB patients. Further research
is needed to investigate the dynamic of MTB-specific
IFN-γ/IL-2 secretion during anti-TB treatment.
There were several obvious limitations to the present
study. First, despite using strict criteria, some patients
affected with respiratory illness may be improperly diagnosed as active TB due to lack of laboratory support.
The underlying classification error would have a negative impact on the reliability of our study conclusions.
Second, there is strong evidence that the comorbidities,
such as diabetes and immunosuppression status, are considered risk factors for negative immune response. However, the data of these patients were not collected, thus
we could not evaluate their role on clinical performance
of our immunological assay. Third, we evaluated only its
diagnostic utility in pulmonary TB cases. Therefore, it is
meaningful to confirm its performance among extrapulmonary TB cases in the future.

Conclusions ant potential impact
In conclusion, we develop a new immunological method
that can differentiate between active TB and other pulmonary diseases. Our data demonstrates that the various
IFN-γ/IL-2 combinations provides promising alternatives
for diagnosing active TB cases in different settings. More
efforts should be paid to improve the operational convenience and cost effectiveness of this assay, which is essential for its scale-up in countries with a high TB burden.
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