
Original Article
Mycobacterium tuberculosis latenc
y-associated antigen Rv1733c SLP
improves the accuracy of differential diagnosis of active tuberculosis
and latent tuberculosis infection
Lifan Zhang1,2,3, Huimin Ma1, Shijun Wan1, Yueqiu Zhang1, Mengqiu Gao4, Xiaoqing Liu1,2,3

1Division of Infectious Diseases, Department of Internal Medicine, State Key Laboratory of Complex Severe and Rare Disease, Peking Union Medical College Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100730, China;

2Clinical Epidemiology Unit, Peking Union Medical College, International Clinical Epidemiology Network, Beijing 100730, China;
3Center for Tuberculosis Research, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100730, China;
4Department of Tuberculosis, Beijing Chest Hospital, Capital Medical University/Beijing Tuberculosis and Thoracic Tumor Research Institute, Beijing 101149, China.
Abstract
Background: Differential diagnosis of active tuberculosis (ATB) and latent tuberculosis infection (LTBI) has been a challenge for
clinicians in high TB burden countries. The purpose of this study was to improve the accuracy of differential diagnosis of ATB and
LTBI by using fluorescent immunospot (FluoroSpot) assay to detect specific Th1 cell immune responses. The novel mycobacterium
tuberculosis (MTB) latency-associated antigens Rv1733c and synthetic long peptides derived from Rv1733c (Rv1733c SLP) were
used based on virulence factors early secreting antigen target-6 (ESAT-6) and culture filtrate protein-10 (CFP-10).
Methods: Fifty-seven ATB cases, including 20 pathogen-confirmed ATB and 37 clinically diagnosed ATB, and 36 LTBI cases, were
enrolled between January and December 2017. FluoroSpot assay was used to detect the interferon g (IFN-g) and interleukin 2 (IL-2)
secreted by the specific T cells after being stimulated with MTB virulence factors ESAT-6 and CFP-10, MTB latency-associated
antigens Rv1733c and Rv1733c SLP. The receiver operating characteristic (ROC) curve was used to define the best cutoff value of
latency-associated antigens in the use of differentiating ATB and LTBI. The sensitivity, specificity, predictive value, and likelihood
ratio of ESAT-6 and CFP-10-FluoroSpot combined with latency-associated antigen in the differential diagnosis of ATB and LTBI
were also calculated.
Results: Following the stimulation with Rv1733c and Rv1733c SLP, the frequency of single IL-2-secreting T cells stimulated by
Rv1733c SLP had the largest area under the ROC curve, which was 0.766. With a cutoff value of 1 (spot-forming cells [SFCs]/
2.5� 105 peripheral blood mononuclear cells) for frequency, the sensitivity and specificity of distinguishing ATB from LTBI were
72.2% and 73.7%, respectively. ESAT-6 and CFP-10-FluoroSpot detected the frequency and proportion of single IFN-g-secreting T
cells; the sensitivity and specificity of distinguishing ATB from LTBI were 82.5% and 66.7%, respectively. Combined with the
frequency of single IL-2-secreting T cells stimulated by Rv1733c SLP on the basis of ESAT-6 and CFP-10-FluoroSpot, the sensitivity
and specificity increased to 84.2% and 83.3%, respectively.
Conclusion: Rv1733c SLP, combined with ESAT-6 and CFP-10, might be used as a candidate antigen for T cell-based tuberculosis
diagnostic tests to differentiate ATB from LTBI.
Keywords:Mycobacterium tuberculosis latency-associated antigens; Active tuberculosis; Latent tuberculosis infection; Differential
diagnosis
Introduction

Tuberculosis (TB), caused by mycobacterium tuberculosis
(MTB) infection, remains one of the leading causes of
death from a single infectious agent and one of the
most critical public health problems worldwide.[1] Accord-
ing to the 2020 Global Tuberculosis Report, there were
10 million new cases of TB in 2019. After India (26%) and
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Indonesia (8.5%), China has the highest number of TB
patients accounting for 8.4%.[1]

The TB skin test (TST) and TB blood tests are the most
common diagnostic methods for TB. Other methods
include chest radiographs and diagnostic microbiology.
Yet, all these methods have certain limitations. For
example, smear antacid staining detection sensitivity is
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poor, and the bacterial culture procedure is often time-
consuming. The Xpert MTB/Rifampicin (RIF) assay is a
novel and revolutionizing TB control approach. The Xpert
MTB/RIF results can be obtained within hours; neverthe-
less, this approach cannot be applied in 30% to 50% of
cases due to the lack of qualified samples. Moreover, our
previous study showed that <30% of active tuberculosis
(ATB) diagnoses were confirmed by the pathogen.[2]

Therefore, new and accurate methods are urgently needed
to aid clinicians in diagnosing patients suspected of ATB
without available etiological evidence.

In the past 20 years, interferon-g release assays (IGRAs)
that use early secreting antigen target-6 (ESAT-6) and
culture filtrate protein-10 (CFP-10) as specific antigens
have been widely used in the diagnosis of TB infection,
especially in the immunosuppressive population and
global regions where Bacillus Calmette-Guerin (BCG)
vaccines are included in the neonatal vaccination plan. The
accuracy of IGRAs in the diagnosis of TB infection has
been shown to be superior to that of the TST test.[3-5]

However, IGRAs fail to distinguish ATB from latent
tuberculosis infection (LTBI). Compared to ATB patients,
persons with LTBI do not feel sick, do not have any
symptoms, and are not infectious (cannot spread TB
infection to others). In China, there are many large number
of LTBI.[6] Therefore, when the IGRAs result is positive,
differentiating ATB from LTBI is of extreme importance.

Rv1733c is a hypoxia-related latent antigen, which can
induce the expression of different cytokine lineages in ATB
and LTBI.[7,8] Previous studies suggested a preferential
recognitionofRv1733cbyTcells in subjectswithLTBI.[9,10]

Moreover, after stimulationwithRv1733c antigen, the level
of interferon g (IFN-g) in the peripheral blood of LTBI
increases.[11] Animal experiments showed that the synthetic
long peptides derived fromRv1733c (Rv1733c SLP) caused
a stronger immune response and produced higher levels of
IFN-g in mice compared to animals treated with
Rv1733c.[12] Thus, it is worth assessing whether
Rv1733c and Rv1733c SLP can be used as an alternative
antigen for the differential diagnosis of ATB and LTBI.

As an improvement of the traditional enzyme-linked
immunospot assay, the FluoroSpot assay can simultaneous-
ly detect multiple cytokines at the single-cell level without
causing spotted colormixing.[13] In our previous studies, we
confirmed that by using ESAT-6 and CFP-10 peptides as
stimulators, the Fluorospot might be used to detect the
secretion of IFN-g and interleukin 2 (IL-2), which, in turn, is
helpful for the differential diagnosis of ATB and LTBI.[14,15]

In this study, we further improved the diagnostic accuracy
by combining theMTB latency-associated antigenRv1733c
and Rv1733c SLP based on ESAT-6 and CFP-10-Fluo-
roSpot to differentiate ATB from LTBI.
Methods

Ethics approval

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of Peking Union Medical College Hospital
64
(PUMCH) (No: S-715). Informed written consent was
obtained from all patients prior to their enrollment in this
study.
Study design and subjects

The study enrolled pathogen-confirmed ATB and clinically
diagnosed ATB cases admitted to the PUMCH and Beijing
Chest Hospital between January and December 2017,
whereas those with LTBI were used as a control group. The
inclusion criteria for pathogen-confirmed ATB groupwere:
(1) age 18 to 75 years; (2) subjects with ATB manifes-
tations, such as fever, cough; (3) positive results of smear
acid-fast stain or culture of MTB, MTB nucleic acid, or
Xpert MTB/RIF; (4) no anti-TB treatment at enrollment.
The inclusion criteria for the clinically diagnosed ATB
group were: (1) age 18 to 75 years; (2) subjects with ATB
manifestations, such as fever, cough; (3) laboratory results
and radiologic features suggesting ATB; (4) anti-TB
treatment is effective. The inclusion criteria for the LTBI
group were: (1) age 18 to 75 years; (2) no clinical
manifestations of ATB; (3) no history of TB, no manifes-
tations of the previous TB in the chest radiogram; (4)
positive results of T-cell spot test for tuberculosis infection
(T-SPOT.TB). Subjects who were pregnant or lactating or
were HIV-positive were excluded from the study.
Synthetic peptides

Jill Biochemical (Shanghai) Co., Ltd. (China) synthesized
and purified MTB hypoxia-associated latency antigens
Rv1733c and Rv1733c SLP. Rv1733c contains 19
peptides, and each peptide has 20 amino acids, with both
ends overlapping on ten amino acids. Rv1733c SLP
contains 19 peptides, and each peptide has 28 amino acids
with 14 amino acids overlapping on both ends. Homoge-
neity and purity were confirmed by analytical high-
pressure liquid chromatography and by mass spectrome-
try. The purity of all peptides was ≥80%.
IFN-g/IL-2 FluoroSpot assay

Four milliliters of peripheral blood were collected from
each patient. IFN-g/IL-2 FluoroSpot (AID, Straßberg,
Germany) assays were performed within 4 h according to
the manufacturer instructions. Peripheral blood mononu-
clear cells (PBMCs) were firstly isolated by gradient
centrifugation. The AIM-V medium (GibcoTM AIM V
Medium liquid, Invitrogen, USA) was used to prepare a cell
suspension with a concentration of 2.5� 106 PBMCs/mL.
A 96-well plate was then pre-coated with monoclonal
antibodies against IFN-g and IL-2. A 50 mL AIM-V cell
culture mediumwas used as a negative control and 5mg/mL
phytohemagglutinin as a positive control; ESAT-6 peptides,
CFP-10 peptides, Rv1733c peptides, and Rv1733c SLP
peptides as antigens, respectively.

A 2.5� 105 PBMCs and anti-CD28 (0.5 mg/mL, AID)
were added to each well. The plates were then incubated
for 16 to 20 h at 37°C in 5% CO2. The plates were
incubated with IFN-g-FITC and IL-2-biotin tagged with
fluorescein and further incubated with fluorophore-labeled
secondary antibodies and fluorescent enhancer. The
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frequencies of IFN-g-, IL-2- and dual IFN-g/IL-2-secreting
T cells were counted by an automated fluorescence plate
reader (AID-iSpot, Straßberg, Germany).
Data analysis

Statistical analysis was performed using SPSS 26.0 (IBM,
Armonk, NY, USA). The Kolmogorov–Smirnov test was
adopted to examine whether the variable data followed a
normal distribution. The variables with normal distribu-
tion were denoted as the mean ± standard deviation,
whereas the variables with non-normal distribution were
denoted as the median and interquartile range. The
enumeration data were presented as percentages and
95% confidence intervals (95%CIs). The number of T cells
between groups was compared using an independent
sample rank-sum test. To evaluate the diagnostic accuracy
of Rv1733c SLP combined with ESAT-6 and CFP-10
to differentiate ATB from LTBI, the sample size was
determined by the following formula. We assumed that the
sensitivity of IFN-g/IL-2 FluoroSpot to differentiate ATB
from LTBI was 85%, the specificity was 90%, the type I
error was 0.05, and the power was 0.90. According to
these assumptions, the ATB group and LTBI group
minimum sample sizes were 50 and 35, respectively.

The cutoff of ESAT-6 and CFP-10-FluoroSpot in the
differential diagnosis of ATB and LTBI was defined
according to our previous research results. The frequency
of single IFN-g-secreting T cells was 25 (SFCs/2.5� 105

PBMCs), and the proportion of single IFN-g-secreting T
cells was 43.6%.[15] Receiver operating characteristic
(ROC) was used to define the best cutoff value of Rv1733c
(SLP)-FluoroSpot in the differential diagnosis of ATB and
LTBI. Binary logistic regression model was used for fitting
joint diagnostic parameters. The sensitivity, specificity,
predictive value, likelihood ratio, and 95% CI of ATB
and LTBI were calculated by medcalc software (MedCalc
Software Ltd., Ostend, Belgium). A P< 0.05 (two-sided)
was considered to be statistically significant.
Table 1: Demographic and characteristics of the study subjects.

Pathogen-confirmed AT
Characteristics (n= 20)

Age (years) 46± 18
Gender
Male 12 (60.0)
Female 8 (40.0)

Site
Lung TB 18 (90)
Lung TB and intestinal TB 2 (10)
Lung TB and lymphatic TB 0
Lung TB and joint TB 0
Bone TB 0
Unknown 0

Method
Acid-fast stain positive 1 (5)
Culture positive 19 (95)

Values are presented as n (%) or mean± SD.ATB: Active tuberculosis; LTBI: L
No data.
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Results

Demographic and clinical characteristics

Ninety-three subjects were included in the study, including
57 patients with ATB and 36 patients with LTBI. Among
ATB patients, 20 cases were pathologically confirmed, and
37 cases were clinically diagnosed. The average age of the
subjects was 46 ± 18 years, and males represented 65.6%
of total cases. The basic information of the subjects is
shown in [Table 1].
Comparison of frequencies of MTB IFN-g/IL-2-secreting T
cells in each group

Following stimulation by the MTB-specific ESAT-6 and
CFP-10 peptides, the frequency (P= 0.003) and propor-
tion (P< 0.001) of single IFN-g-secreting T cells were
significantly higher in the ATB group than those noted in
the LTBI group. By contrast, the frequency (P= 0.004) and
proportion (P< 0.001) of single IL-2-secreting T cells were
significantly lower in the ATB group than that in the LTBI
group [Table 2].

Following stimulation by the MTB latency-associated
antigen Rv1733c (P= 0.008 and P= 0.010) and Rv1733c
SLP (P< 0.001 and P< 0.001) peptides, the frequencies of
single and total IL-2-secreting T cells were all higher in the
LTBI group than those noted in the ATB group [Table 3].
Diagnostic accuracy of the IFN-g/IL-2 FluoroSpot assay of
MTB latency-associated antigen for distinguishing ATB
from LTBI

The ROC curves were drawn by the frequencies of single
IL-2-, total IL-2-secreting T cell stimulated by Rv1733c
and Rv1733c SLP peptides. The AUROC of 0.766 (95%
CI, 0.662–0.870), drawn by the frequency of single IL-2-
secreting T cells stimulated by Rv1733c SLP, was the
largest. When the cutoff was 1 (SFCs/2.5� 105 PBMCs),
B Clinically diagnosed ATB LTBI
(n= 37) (n= 36)

43± 19 48± 15

28 (75.7) 21 (58.3)
9 (24.3) 15 (41.7)

31 (83.8) –

0 –

2 (5.4)
1 (2.7)
1 (2.7)
2 (5.4)

– –

– –

atent tuberculosis infection; SD: Standard deviation; TB: Tuberculosis; –:
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Table 2: Comparisons of the frequency and proportion of IFN-g-, IL-2-secreting T cells when stimulated by ESAT-6 and CFP-10 (iSFCs/250,000
PBMC).

Parameters Cytokines ATB LTBI Statistics P value
∗

Frequency Single-IL-2 3 (1–6) 7 (3–21) 659.0 0.004
Single-IFN-g 55 (11–138) 14 (5–39) 647.5 0.003
Total-IL-2 13 (7–46) 26 (10–76) 809.5 0.088
Total-IFN-g 79 (18–157) 32 (13–91) 809.0 0.087
Dual IFN-g/IL-2 9 (4–40) 19 (7–57) 872.0 0.224

Proportion (%) Single-IL-2 4.2 (1.6–10.3) 14.4 (9.1–27.9) 503.5 <0.001
Single-IFN-g 72.2 (50.9–85.3) 34.0 (20.8–58.5) 431.5 <0.001
Dual IFN-g/IL-2 20.8 (8.3–30.2) 42.9 (30.0–56.4) 466.0 <0.001

Values are presented as median (range).
∗
P values were calculated by Mann-Whitney U test.ATB: Active tuberculosis; CFP-10: Culture filtrate protein-

10; ESAT-6: Early secreting antigen target-6; IFN-g: Interferon g; IL-2: Interleukin 2; IQR: Interquartile range; LTBI: Latent tuberculosis infection;
PBMC: Peripheral blood mononuclear cell.

Table 3: Comparisons of frequencies of IFN-g-, IL-2-secreting T cells when stimulated by Rv1733c, Rv1733c SLP (iSFCs/250,000 PBMC).

Antigens Cytokines ATB LTBI Statistics P value
∗

Rv1733c SLP Single-IL-2 0 (0–1) 1 (0–4) 480.0 <0.001
Single-IFN-g 0 (0–1) 0 (0–3) 989.5 0.731
Total-IL-2 0 (0–1) 2 (0–4) 563.0 <0.001
Total-IFN-g 0 (0–2) 0 (0–3) 940.5 0.430
Dual IFN-g/IL-2 0 (0–0) 0 (0–0) 896.5 0.110

Rv1733c Single-IL-2 0 (0–3) 3 (0–6) 687.0 0.004
Single-IFN-g 0 (0–0) 0 (0–0) 981.5 0.611
Total-IL-2 0 (0–3) 3 (0–7) 722.5 0.010
Total-IFN-g 0 (0–0) 0 (0–0) 1011.5 0.873
Dual IFN-g/IL-2 0 (0–0) 0 (0–0) 1018.5 0.912

Values are presented as median (range).
∗
P values were calculated by Mann-Whitney U test.ATB: Active tuberculosis; IFN-g: Interferon g; IL-2:

Interleukin 2; IQR: Interquartile range; LTBI: Latent tuberculosis infection; PBMC: Peripheral blood mononuclear cell; Rv1733c SLP: Synthetic long
peptides derived from Rv1733c.
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the sensitivity and specificity of the differential diagnosis of
ATB and LTBI were 72.2% (95% CI 54.8–85.8%) and
73.7% (95% CI 60.3–84.5%), respectively [Figure 1].
Diagnostic accuracy of ESAT-6 and CFP-10-FluoroSpot
combined with Rv1733c SLP for distinguishing ATB from
LTBI

After stimulation by the MTB-specific antigen ESAT-6 and
CFP-10 peptides, combined with the frequency and
proportion of single IFN-g-secreting T cells stimulated
by ESAT-6 and CFP-10, the sensitivity and specificity of
ESAT-6 and CFP-10-FluoroSpot for differential diagnosis
of ATB and LTBI were 82.5% (95% CI 70.1–91.3%) and
66.7% (95% CI 49.0–81.4%), respectively. Based on the
basis of ESAT-6 and CFP-10-FluoroSpot, the combination
with Rv1733c SLP could increase sensitivity to 84.2%
(95% CI 72.1–92.5%) and specificity to 83.3% (95% CI
67.2–93.4%) [Figures 2 and 3; Table 4].

Discussion

In the present study, we conducted a preliminary
investigation of the diagnostic value of the MTB laten-
cy-associated antigen Rv1733c and Rv1733c SLP, com-
bined with the EAST-6 and CFP-10-FluoroSpot, for
differentiating ATB from LTBI.
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In LTBI, MTB is usually present in macrophages as
dormant bacteria. Inflammatory cells are recruited at the
infected site, where they gather and form granuloma. The
microenvironment of granuloma tissue with hypoxia,
insufficient nutrition, and low pH inhibits the growth of
MTB encapsulated in it.[16,17] Similarly, MTB can adapt to
the host internal environment by changing its own
characteristics and metabolic pathways, escaping the body
immune response, and surviving in the body for a long
time, thus making the body enter the latent infection state.
However, when the host immunity or the signals
maintaining granuloma structure are reduced, dormant
MTB is activated, followed by proliferation and dissemi-
nation, eventually resulting in ATB.[18,19] Although
bacterial and host factors that induce and maintain latent
MTB infection are ill-defined, recent studies have revealed
that during the dormancy of MTB, dormancy survival
regulon (DosR) expression is upregulated. Through the
interaction of dormancy-associated proteins with macro-
phages, the formatting and maintenance of the granuloma
structure are necessary to allowMTB to transit into a stage
of dormancy.[20] Interestingly, the immune response to the
DosR regulon-encoded antigens have been associated with
the containment during latent phases of MTB infection
since the antigens encoded by several DosR regulons can be
preferentially recognized by the T cells of LTBI subjects in
order to induce the activation of T cells associated with the
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Figure 1: ROC curve of IFN-g/IL-2 FluoroSpot assay of Rv1733c and Rv1733c SLP for
differentiating ATB from LTBI. LTBI is the State variable. The blue line is drawn with the
frequency of single IL-2-secreting T cells when stimulated by Rv1733c SLP, and the AUC is
0.766 (95% CI, 0.662–0.870). The red line is drawn with the frequency of total IL-2-
secreting T cells when stimulated by Rv1733c SLP, and the AUC is 0.726 (95% CI, 0.617–
0.834). The green line is drawn with the frequency of single IL-2-secreting T cells when
stimulated by Rv1733c, and the AUC is 0.665 (95% CI, 0.549–0.782). The black line is
drawn with the frequency of total IL-2-secreting T cells when stimulated by Rv1733c, and
the AUC is 0.648 (95% CI, 0.530–0.765). ATB: Active tuberculosis; IFN-g: Interferon g; IL-
2: Interleukin 2; LTBI: Latent tuberculosis infection; Rv1733c SLP: Synthetic long peptides
derived from Rv1733c.

Figure 2: ROC curve of IFN-g/IL-2 FluoroSpot assay of ESAT-6 and CFP-10 and Rv1733c
SLP for differentiating ATB from LTBI. ATB is the State variable. The red line is drawn with
the frequencies of single IFN-g-secreting T cells stimulated by EAST-6 and CFP-10, and the
AUC is 0.699 (95% CI, 0.592–0.805). The blue line is drawn with the proportion of single
IFN-g-secreting T cells stimulated by EAST-6 and CFP-10, and the AUC is 0.746 (95% CI,
0.638–0.853). The green line is drawn with the frequency of single IL-2-secreting T cells
when stimulated by Rv1733c SLP, and the AUC is 0.234 (95% CI, 0.130–0.338). The black
line is drawn with the combination of the above three parameters, and the AUC is 0.874
(95% CI, 0.799–0.948). ATB: Active tuberculosis; CFP-10: Culture filtrate protein-10; ESAT-
6: Early secreting antigen target-6; IFN-g: Interferon g; IL-2: Interleukin 2; LTBI: Latent
tuberculosis infection; ROC: Receiver operating characteristic; Rv1733c SLP: Synthetic long
peptides derived from Rv1733c.

Figure 3: The ROC curve for differentiating ATB from LTBI. ATB was the State variable. The
blue line is drawn with a combination of the frequency and proportion of single IFN-
g-secreting T cells when stimulated by ESAT-6 and CFP-10, and the AUC is 0.790 (95% CI,
0.693–0.887). The blue line is drawn with a combination of the frequency of single IL-2-
secreting T cells when stimulated by Rv1733c SLP with ESAT-6 and CFP-10-FluoroSpot,
and the AUC is 0.874 (95% CI, 0.799–0.948). ATB: Active tuberculosis; CFP-10: Culture
filtrate protein-10; ESAT-6: Early secreting antigen target-6; IFN-g: Interferon g; IL-2:
Interleukin 2; LTBI: Latent tuberculosis infection; ROC: Receiver operating characteristic;
Rv1733c SLP: Synthetic long peptides derived from Rv1733c.
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control of MTB infection. This process promotes various
cytokine production, such as IFN-g, TNF, and IL-2, thus
preventing the progression of ATB.[21,22] Similarly, a
preventive vaccine against DosR regulon-encoded antigens
could alleviate the MTB infection in the lung.[23]

Therefore, the immune response against these antigens
may contribute to control latent MTB infection and
preventing the reactivation of TB.[24,25] Previous studies
have reported that while responsiveness to ESAT-6 is an
optimal indicator of MTB infection, a strong response to
the dormant antigen is largely restricted to latently infected
individuals, offering the possibility of differential immu-
nodiagnosis of TB and making it a potential vaccine
candidate against TB.[26]

Rv1733c has been identified as the most common latency
antigen in household contacts exposed to MTB in South
Africa, Gambia, and Uganda.[9] Leyten et al[21] stimulated
human PBMCs with 25 types of proteins expressed by
DosR regulators, reporting that Rv1733c-stimulated LTBI
subjects produced higher levels of IFN-g compared to
those of ATB patients. In the context of therapeutic
vaccination, SLPs have been proven to induce better
response and protection against tumors compared to short
peptides.[27] Furthermore, Coppola et al[12] synthesized the
SLP derived from Rv1733c (Rv1733c SLP) and observed
that Rv1733c SLP caused a stronger immune response and
could induce specific CD4+T cells to produce higher levels
of IFN-g in mice than Rv1733c.
67
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Table 4: Diagnostic value of FluoroSpot method to differentiate ATB and LTBI.

Parameters
Sensitivity
(%, 95% CI)

Specificity
(%, 95% CI)

PLR
(%, 95% CI)

NLR
(%, 95% CI)

PPV
(95% CI)

NPV
(95% CI)

Frequencies of single
IFN-g-secreting T cells
stimulated by EAST-6
and CFP-10

50.9 (37.3–64.4) 88.9 (73.9–96.9) 4.58 (1.76–11.94) 0.55 (0.41–0.74) 87.8 (71.8–96.6) 53.3 (40.0–66.3)

Proportion of single
IFN-g-secreting T cells
stimulated by EAST-6
and CFP-10

82.5 (70.1–91.3) 62.2 (43.6–76.1) 2.97 (1.73–5.09) 0.24 (0.13–0.44) 82.5 (70.1–91.3) 64.2 (46.8–75.6)

Frequencies of single
IL-2-secreting T cells
stimulated by Rv1733c
SLP

72.2 (54.8–85.8) 73.7 (60.3–84.5) 2.65 (1.53–4.59) 0.36 (0.23–0.59) 80.8 (67.5–90.4) 63.4 (46.9–77.9)

EAST-6 and CFP-10-
FluoroSpot

82.5 (70.1–91.3) 66.7 (49.0–81.4) 2.47 (1.53–3.99) 0.26 (0.14–0.48) 79.7 (67.2–89.0) 70.6 (52.5–84.9)

Combined Rv1733c SLP
with EAST-6 and
CFP-10-FluoroSpot

84.2 (72.1–92.5) 83.3 (67.2–93.4) 5.05 (2.41–10.58) 0.19 (0.10–0.35) 88.9 (77.4–95.8) 76.9 (60.7–88.9)

ATB: Active tuberculosis; CFP-10: Culture filtrate protein-10; ESAT-6: Early secreting antigen target-6; IFN-g: Interferon g; IL-2: Interleukin 2; IQR:
Interquartile range; LTBI: Latent tuberculosis infection; NLR: Negative likelihood ratio; NPV: Negative predictive value; PLR: Positive likelihood ratio;
PPV: Positive predictive value; Rv1733c SLP: Synthetic long peptides derived from Rv1733c.
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The present study compared the difference of cytokines
secreted by ATB and LTBI groups after stimulation by
MTB latency-associated antigens Rv1733c and Rv1733c
SLP peptides. The obtained results revealed that Rv1733c
and Rv1733c SLP could induce more T cells to produce
higher levels of IL-2 in LTBI than ATB. In addition, we
found that Rv1733c SLP caused more extensive immune
responses than Rv1733c, and the diagnostic accuracy of
differentiating ATB from LTBI was better. SLP may
prolong the epitope expression of antigen in vivo,
increasing the clonal expansion and cytokine production
by effector T cells.[28] The significant difference of IL-2
secretion between the ATB group and LTBI group
stimulated by latency-associated Rv1733c SLP may be
helpful for differentiation.

The results of the ESAT-6 andCFP-10-Fluorospot revealed
that the frequency and proportion of single IFN-g-secret-
ing T cells in the ATB group were significantly higher than
those in the LTBI group (P = 0.003 and P< 0.001),
whereas the frequency and proportion of single IL-2-
secreting T cells in the ATB group were significantly lower
than those in the LTBI group (P= 0.004 and P< 0.001),
which is consistent with our previous results.[15] The study
demonstrated that the combination of the ESAT-6 and
CFP-10-FluoroSpot with the Rv1733c SLP resulted in the
specificity increased from 66.7% to 83.3%, the positive
likelihood ratio increased from 2.47 to 5.05, and the
positive predictive value increased from 79.7% to 88.9%.
Rv1733c SLP combined with ESAT-6 and CFP-10-
FluoroSpot could improve the accuracy of differential
diagnosis between ATB and LTBI. Therefore, for patients
who are IGRA positive and suspected ATB, the latency-
associated antigen Rv1733c SLP based on ESAT-6 and
CFP-10-FluoroSpot could be used to provide clues for the
differential diagnosis of ATB and LTBI. It has been
reported that Rv1733c and Rv1733c SLP can be applied to
the development of vaccines and has broad application
prospects.[12,29] Therefore, it is worth noting that if this
68
vaccine becomes widely used in the future, the discrimina-
tion ability of Rv1733c SLP will be affected by this vaccine,
which means that Rv1733c SLP detection may not be used
for the differential diagnosis of ATB and LTBI.

The advantages of our study can be summed as follows: (1)
based on the virulence factor ESAT-6 and CFP-10, MTB
latency-associated antigens Rv1733c and Rv1733c SLP
can be added as stimulators to improve the accuracy of
differential diagnosis; (2) the IFN-g/IL-2 FluoroSpot
method was used to simultaneously detect the secretion
of IFN-g and IL-2 at the single-cell level, saving workforce
and blood samples to the greatest extent.

The limitations of our study can be summarized as follows:
(1) In this study, the differential diagnosis was based on the
difference of specific Th1 cytokine secretion spectrum in
different TB infection states. There is still overlapping in
cytokine responses, which may inevitably reduce the
accuracy of differential diagnosis. (2) This study adopted a
case–control study design and probably overestimated the
accuracy of differential diagnosis. This is only a prelimi-
nary study on the diagnostic value of latency-associated
antigen, and our conclusions must be verified by further
prospective cohort studies.

In conclusion, the latency-associated antigen Rv1733c SLP
can be used as an alternative antigen for the TB diagnostic
test based on the T-cell immune reaction. Based on the
MTB-specific antigens ESAT-6 and CFP-10, the combina-
tion with Rv1733c SLP may be helpful for the differential
diagnosis of ATB and LTBI. However, this conclusion
needs to be further verified by prospective studies with a
larger sample size.
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