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Abstract
Background: Discriminating latent tuberculosis infection 
(LTBI) from active TBI may be challenging. The objective of this 
study was to produce the recombinant L-alanine dehydrogenase 
(AlaDH) antigen and evaluate individuals with LTBI, those 
with active TBI, and uninfected individuals by enzyme-linked 
immunospot assay (ELISPOT) in order to distinguish LTBI 
from active TBI.
Methods: This exploratory study was performed in the Iranian 
city of Shiraz from 2014 to 2015. The study population (N=99) 
was divided into 3 groups: individuals with newly diagnosed 
active TBI (n=33), their household contacts (n=33), and 
controls (n=33). AlaDH was produced through PCR and cloning 
methods. The diagnostic characteristics of AlaDH vs. ESAT-6/
CFP-10 were evaluated in responses to interferon-γ (IFN-γ) 
and interleukin-2 (IL-2) with ELISPOT. Differences between 
the groups were assessed with the Kruskal–Wallis and Mann–
Whitney tests for nonparametric data analysis. The statistical 
analyses were performed with SPSS, version 16.
Results: IFN-γ responses to both ESAT-6/CFP-10 (P=0.81) 
and AlaDH (P=0.18) revealed that there were no significant 
differences between the individuals with LTBI and those with 
active TBI. The same results were determined for IL-2 responses 
to ESAT-6/CFP-10 between the 2 groups, while significantly 
higher IL-2 responses to AlaDH were observed in LTBI than 
in active TBI. According to the ROC curve analysis, a cutoff 
value of 275 SFC showed sensitivity of 75.8% and specificity 
of 78.8% for distinguishing LTBI from active TBI by IL-2 
responses to AlaDH.
Conclusion: The current study suggests that it may be possible 
to discriminate LTBI from active TBI by IL-2 responses to 
AlaDH.
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Introduction

An estimated one-third of the world’s population is currently 
infected with Mycobacterium tuberculosis (M. tuberculosis). 

Original Article

What’s Known

• Distinguishing latent tuberculosis 
(LTBI) from active TB is important. Tuberculin 
skin test for several years was the only but 
inaccurate way to distinguish LTBI. Some 
studies have shown that IFN-γ and IL-2 
responses to TB antigens such as AlaDH 
cannot discriminate the 2 kinds of infection.

What’s New

• We are the 1st to demonstrate the 
diagnostic characteristics of the recombinant 
AlaDH antigen for the distinction between 
latent and active TB infection in adults.
•  ELISPOT responses of IL-2 to AlaDH 
between active and latent TB infections are 
significantly different, which in turn could 
detect individuals recently infected with LTBI.
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Iran is located in a tuberculosis (TB) endemic 
region in which there are 2 countries with a high 
prevalence of TB.1 The majority of people harbor 
the bacteria as a latent tuberculosis infection 
(LTBI), and even though they do not show the 
symptoms of active TBI, they are potentially 
vulnerable to progression to TB disease.2 The 
tuberculin skin test (TST) for several years was 
the only way to diagnose LTBI. Nonetheless, 
because the TST had low specificity and 
sensitivity and was difficult to perform, it was 
necessary that a more accurate method be 
devised.3

The M. tuberculosis genome was sequenced 
in the late 1990s and it later became clear 
that the section of the BCG genome was 
deleted. Two antigens of this part, namely 
early secretory antigenic target-6 (ESAT-6) 
and culture filtrate protein-10 (CFP-10), are 
good candidates for stimulating T cells in 
persons who are infected with M. tuberculosis 
in order to stimulate the production of 
interferon-γ (IFN-γ) and other cytokines such 
as interleukin-2 (IL-2).4,5 IFN-γ is measured by 
methods such as enzyme-linked immunospot 
assay (ELISPOT) and is drawn upon to invent 
new methods for diagnosing TBI.6,7 Almost 30% 
of individuals in contact with patients suffering 
from active TBI exhibit some symptoms of this 
infection, and half of them will develop the 
disease in the first 2 years.8 Previous studies 
have shown that LTBI is more prevalent in 
persons in close contact with patients suffering 
from active TBI. Thus, the identification and 
treatment of individuals with LTBI can prevent 
the progression of the disease to active 
TBI.9-11 Since the distinction between LTBI 
and active TBI is impossible,12 a test that 
could distinguish between LTBI and active 
TBI will be very useful.13,14 Several antigens 
of M. tuberculosis in addition to ESAT-6 and 
CFP-10 are currently used for this purpose.15,16 
L-alanine dehydrogenase (AlaDH) is one 
of these antigens, and it is involved in the 
metabolism of nitrogen and the adaptation of 
M. tuberculosis in anaerobic conditions.17 In a 
research performed in our laboratory, ESAT-6, 
CFP-10, and ESAT-6/CFP-10 fusion antigens 
were produced. It has been shown that 
ESAT-6/CFP-10 fusion antigens are valuable 
for the diagnosis of active TBI.18,19 Also, recent 
research has demonstrated that the analysis of 
IL-2 might help to distinguish active TBI from 
LTBI.20,21 Therefore, in the current study, we 
aimed to analyze IFN-γ and IL-2 responses to 
AlaDH and ESAT-6/CFP-10 fusion antigens in 
the diagnosis of LTBI vs. active TBI.

Patients and Methods

Specimen Collection
This exploratory study was performed in 

the Iranian city of Shiraz from 2014 to 2015. 
The study population (N=99) was divided into 
3 groups. The 1st group (n=33) contained 
patients diagnosed with active TBI. They had a 
positive TST, confirmed by the examination of 
the sputum for acid-fast bacilli and/or culturing. 
Patients who had started treatment were 
excluded from the study. All the blood samples 
were obtained from the TB Center of Shiraz 
University of Medical Sciences. The mean age 
was 33 years (range=21–59 y), and there were 
16 male individuals in this group. The 2nd group 
(n=33) comprised individuals with LTBI who 
were selected from the household contacts of 
the 1st group and had a positive TST with no 
clinical or radiographic evidence of active TBI. 
The mean age was 31 years (range=20–60 y), 
and there were 16 male individuals in this group. 
The 3rd group (n=33) was made up of healthy 
controls with a negative TST and without 
known contact with patients suffering from 
M. tuberculosis. The mean age was 34 years 
(range=19–56 y), and there were 17 male 
individuals in this group. HIV-positive persons 
were excluded from the analysis. Sex and age 
were matched in these groups. All the patients 
and normal subjects gave written informed 
consent ahead of participation in the study. The 
details of the 3 groups are given in table 1.

Cloning of the AlaDH Gene
The gene of the AlaDH protein was amplified 

by polymerase chain reaction (PCR) from 
M. tuberculosis H37Rv chromosomal DNA, 
which was obtained from Razi Vaccine Institute 

Table 1: Demographic characteristics of the total study 
population

n (%)
Control LTBI Active TBI

Age (median) 34 (19-56) 31 (20-60) 33 (21-59)
Emigrants 5 (15.1) 6 (18.2) 5 (15.1)
Male 17 (51.5) 16 (48.5) 16 (48.5)
Female 16 (48.5) 17 (51.5) 17 (51.5)
BCG vaccinated 29 27 28
TST (mm)
<5 32 0 0
5-9 1 1 0
10-14< 0 5 3
≥15 0 27 30
TBI: Tuberculosis infection; LTBI: Latent tuberculosis 
infection; TST: Tuberculin skin test
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and Serum Research Institute in Tehran. The 
2 primers used were upper: 5′-CGG GGT 
ACC ATG CGC GTC GGT ATT C -3′ and 
down: 5′-CCC AAG CTT ACA GGC CAG 
CAC -3′. PCR amplification was performed with 
35 cycles at 94 °C for 45 seconds, 66 °C for 
45 seconds, 72 °C for 45 seconds, and 72 °C for 
10 minutes. The expression and purification of 
the recombinant protein were performed under 
standard protocols. The PCR product was ligated 
to the PET32a vector, which is commercially 
available from Novagen. This vector permits the 
genes of interest to be fused to the thioredoxin 
fusion protein, trxA, for high levels of expression 
with good solubility and it also contains 
cleavable His-tag sequences for detection and 
purification. It was thereafter transferred into 
Escherichia coli (E. coli) strain DH5α, which was 
grown in a Luria–Bertani (LB) medium (Gibco 
Life Technologies PA, UK) containing ampicillin 
(Gibco Life Technologies PA, UK) (100 µg/mL). 
The recombinant plasmids were purified from 
the positive clones, and the PCR constructs were 
sequenced to verify their integrity. E. coli BL21 
was transformed by PET32a and plated on an 
LB solid medium. An overnight culture (600 mL) 
of the resulting strain was used to inoculate 12 L 
of LB, and when it was in the mid-log phase 
(absorbance 600 reached 0.7), it was induced 
by isopropyl-D-thiogalacto-pyranoside (IPTG, 
0.5 mM) (Fermentas AB, VL, Lithuania). The 
bacterial cells were harvested by centrifugation, 
and the cell pellets were frozen at -70 °C.22

SDS–PAGE and Western Blotting
The expression of the recombinant protein 

was investigated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS–
PAGE) and western blotting. The cell pellets 
were re-suspended with a lysis buffer containing 
phosphate-buffered saline, 1 mM of EDTA 
(pH=8.0), and 1% (v/v) Triton X-100. The cell 
lysates were sonicated (30-s pulses at 20-s 
intervals for 6 times), and the suspension 
was centrifuged. Next, 12.5% SDS–PAGE 
analysis was performed by utilizing Mini Format 
Vertical Electrophoresis (Bio-Rad, Hercules, 
CA, USA). Western blotting was done based 
on the recognition of His-tag. Accordingly, 
the SDS–PAGE-separated proteins were 
electrotransferred into nitrocellulose membranes 
(Millipore, Bedford, MA USA) using a Mini Trans-
Blot Cell (Bio-Rad, Hercules, CA, USA). The 
membranes were incubated with horseradish 
peroxidase-conjugated anti-poly-His antibody 
(Santa Cruz, Dallas, TX, USA). The detection 
of the specific protein was facilitated using an 
enhanced chemiluminescence solution. Light 

emissions were captured by exposing the 
membranes to X-ray films.5

Purification of the AlaDH Recombinant Protein
PET32a supports the His-tag cloning system; 

therefore, the recombinant protein was purified 
by the Ni-NTA affinity column (Qiagen GmbH, 
Hilden, Germany) under denaturing and native 
conditions. After the sample was loaded on 
the column and extensive washing steps were 
performed with 8-M urea (Sigma, St. Louis, MO, 
USA) (pH=7.4), elution by using a linear 10–500 
mM gradient of imidazole (Sigma, St. Louis, 
MO, USA) was performed. Then, the His-
tagged protein was dialyzed against phosphate-
buffered saline for 48 hours, while the buffer was 
changed every 12 hours to remove the urea and 
imidazole. The bicinchoninic acid method was 
used to assay the protein concentration (Pierce, 
Rockford, IL, USA).23

IFN-γ and IL-2 ELISPOT Assays
IFN-γ and IL-2 ELISPOT assays were 

performed for the quantification of the responses 
of the T cells to recombinant AlaDH and ESAT-6/
CFP-10 antigens, which were produced in our lab 
previously,18 by utilizing a commercially available 
ELISPT kit (U-CyTech, Utrecht, Netherlands). 
A 6-mL blood sample from each participant was 
collected. Subsequently, the peripheral blood 
mononuclear cells (PBMCs) of the samples were 
separated with Ficoll (Sigma, St. Louis, MO, 
USA), and the number of the cells was quantified. 
MultiScreen 96-well plates (Millipore, Bedford, 
MA, USA) were individually pre-coated with anti-
IFN-γ and anti-IL-2 antibodies (10 µg/mL) and 
incubated overnight at 4 °C. The mycobacterial 
antigens (1 µg/mL) and PBMCs (2×105 cells/well) 
were added to each well. The plain medium as a 
negative control and phytohemagglutinin (Sigma, 
St. Louis, MO, USA) as a positive control were 
applied and incubated for 24 hours for IFN-γ 
and 72 hours for IL-2 at 37 °C. The wells were 
washed, and biotinylated anti-IFN-γ, anti-IL-2, 
and φ-labeled goat anti-biotin antibodies were 
added separately. Finally, the spots were revealed 
by activators I and II, which display IFN-γ and 
IL-2 secreting cells, followed by the quantification 
of the spots using a stereomicroscope. The 
number of the spots from the unstimulated wells 
was subtracted from the number in each well. The 
mean of the duplicates was applied, and all the 
results were expressed as the number of spot-
forming cells (SFC) per million PBMCs.24,25

Data Analysis
All the experiments were repeated 

independently twice. The results of the 
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Shapiro–Wilk test for all the groups showed that 
the variables did not have a normal distribution. 
Accordingly, the differences between the groups 
were assessed with the Kruskal–Wallis and 
Mann–Whitney tests for nonparametric data 
analysis. A P≤0.05 was considered significant. 
The statistical analyses were performed using 
SPSS, version 16 (SPSS Inc., Chicago, IL, 
USA). The receiver operating characteristic 
(ROC) curve was plotted in order to find out the 
optimum cutoff for the ELISPOT assays of IL-2 
and IFN-γ responses in discriminating individuals 
with active TBI from those with LTBI and also to 
determine the sensitivity and the specificity of 
these assays.

Ethical Approval
Ethical approval for the study was granted 

by the Research Ethics Committees of Shiraz 
University of Medical Sciences, and informed 
consent was obtained from all the participants.

Results

Cloning, Expression, and Purification of the 
AlaDH Recombinant Antigen

The amplification of the AlaDH gene was 
performed by PCR. The PCR product (1100 bp) 
(figure 1) was successfully cloned into the 
PET32a expression vector. DNA sequencing 
confirmed the accurate integrity and orientation 
of the gene. The Ni–NTA column was used 
to purify the AlaDH protein, and SDS–PAGE 
analysis was performed to indicate the molecular 
weight of the desired protein around 40 kDa. In 
order to achieve a pure recombinant protein, we 
removed thioredoxin, trxA, by thrombin cleavage 
(figure 2). However, since this process reduces 
the yield of the protein, we utilized recombinant 
proteins with and without thrombin cleavage 
for ELISPOT to observe the differences. When 
similar results were obtained, recombinant 
protein without thrombin cleavage was applied. 
The AlaDH His-tag protein was recognized by 
the mouse anti-His-tag monoclonal antibody 
using western blotting, as is shown in figure 3.

IFN-γ and IL-2 Responses to AlaDH vs. 
ESAT-6/CFP-10 by ELISPOT

ELISPOT assays were performed in the 
study groups for IFN-γ and IL-2 responses to 
AlaDH and ESAT-6/CFP-10 fusion antigens. 
The data were presented as SFC and shown in 
table 2. The responses of IFN-γ and IL-2 to the 
aforementioned antigens were compared between 
the 3 groups. The ELISPOT assays of IFN-γ 
responses to AlaDH (P=0.18) and ESAT-6/CFP-10 
(P=0.81) and IL-2 responses to ESAT-6/CFP-10 

Figure 1: 100-bp marker (lane 1), agarose gel analysis for 
the L-alanine dehydrogenase (AlaDH) gene (lane 2).

Figure 2: Expression and purification of L-alanine 
dehydrogenase (AlaDH) antigen samples, (lanes 1–5) 
resolved in a 12% (w/v) polyacrylamide gel, under reducing 
conditions followed by Coomassie blue staining. Escherichia 
coli (E. coli) extracts before isopropyl D-thiogalacto-
pyranoside (IPTG) induction (lane 1). E. coli extracts 4 hours 
after induction with 0.1 mM of IPTG (lane 2). Washed Ni-NTA 
resin (lanes 3 and 4). Recombinant proteins purified by 
affinity chromatography using Ni-NTA resin with thrombin 
cleavage (lane 5). Molecular weight standards are shown to 
the left of lane 1.

Figure 3: Western blot assay of the recombinant protein with 
His-tag monoclonal antibody.
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(P=0.99) were not significantly different between 
LTBI and active TBI, while IL-2 responses to AlaDH 
(P=0.001) were different significantly. The ROC 
curve analysis was performed, and the optimum 
cutoff for IL-2 responses to AlaDH was 275 SFC 
and LTBI was identified with sensitivity of 75.8% 
and specificity of 78.8%. As is shown in figure 4, 
the ROC curve analysis demonstrated that IL-2 
responses to AlaDH were the most sensitive 
and specific indicator of LTBI (area under the 
curve=0.820), while the ROC curve analysis for IL-2 
responses to ESAT-6/CFP-10, IFN-γ responses to 

ESAT-6/CFP-10, and IFN-γ responses to AlaDH 
showed much weaker responses.

Discussion

In the present study, we demonstrated that 
AlaDH might be a promising marker for 
distinguishing LTBI from active TBI. The aims 
of the present study were cloning, expressing, 
and purifying the AlaDH recombinant antigen in 
order to evaluate the diagnostic characteristics 
of AlaDH and ESAT-6/CFP-10 in the distinction 
between adults with LTBI and adults with active 
TBI. It has been found that CFP-10 and ESAT-6 
antigens distinguish individuals with active TBI 
from healthy individuals with high diagnostic 
sensitivity and specificity, whereas they are 
inadequate for the discrimination of active TBI 
from LTBI. In our previous study, ESAT-6/CFP-
10 fusion was used to detect active TBI with 
100% sensitivity and 100% specificity. In the 
current study, the ELISPOT assays of IFN-γ 
and IL-2 responses to ESAT-6/CFP-10 between 
individuals with active TBI and healthy controls 
were significantly different, which is consistent 
with previous reports.18,26,27 Nonetheless, the 
results were not significant considering the 
ELISPOT assays of IFN-γ and IL-2 responses 
to ESAT-6/CFP-10 and IFN-γ responses to 
AlaDH between the individuals with active TBI 
and those with LTBI. The SFC values of IL-2, 
induced by AlaDH, were significantly higher 
in LTBI than in active TBI, considering the 
number of individuals with LTBI-identified AlaDH 
compared with the patients with active TBI. 
Since this protein is involved in the adaptation 
of M. tuberculosis in anaerobic conditions, it is 
expected that antigens are exposed to more T 
cells and as a result more cytokine responses 
occur in persons with LTBI.17,28 AlaDH may play 
a role in cell wall synthesis as L-alanine is an 
important constituent of the peptidoglycan layer. 

Table 2: Diagnostic performance of ELISPOT results in active TB patients, LTBI and healthy control groups
Control 
median  
(IQR)

LTBI 
median (IQR)

Active TBI 
median (IQR)

P value 
control 
vs. active 
TB

P value 
LTBI vs. 
active 
TB

Area 
under 
the 
curve

Cutoff Sensitivity% Specificity%

IFN-γ ELISPOT 
result*

ESAT-6/CFP-10 25 (15-40) 265 (190-333) 275 (190-368) 0.001 0.65 0.532 65 33.3 84.8
AlaDH 20 (15-25) 85 (65-130) 105 (78-150) 0.001 0.11 0.612 245 48.5 63.6

IL-2 ELISPOT 
result*

ESAT-6/CFP-10 45 (35-65) 200 (130-310) 180 (138-323) 0.001 0.93 0.494 235 69.7 42.4
AlaDH 25 (15-38) 380 (270-580) 185 (103-270) 0.001 0.0001 0.820 275 75.8 78.8

ELISPOT: Enzyme-linked immunospot assay; TBI: Tuberculosis infection; LTBI: Latent tuberculosis infection; *Results 
are illustrated as medians and interquartile ranges of spot forming colonies per million peripheral blood mononuclear 
cells (PBMCs)

Figure 4: A receiver operating characteristic (ROC) plot is 
shown, illustrating sensitivity and specificity of the enzyme-
linked immunospot (ELISPOT) assays of interferon-γ (IFN-γ) 
and interleukin-2 (IL-2) responses to AlaDH and ESAT-6/
CFP-10 fusion antigens in discriminating latent tuberculosis 
infection (LTBI) from active TBI. Area under the ROC curve 
was 0.820 for AlaDH IL-2 ELISPOT, 0.612 for AlaDH IFN-γ 
ELISPOT, 0.494 for ESAT-6/CFP-10 IL-2 ELISPOT and 
0.532 for ESAT-6/CFP-10 IFN-γ ELISPOT.



Movahedi B, Mokarram P, Hemmati M, Mosavari N, Zare R, Safaee Ardekani L, et al.

280 Iran J Med Sci May 2017; Vol 42 No 3

Agren et al.17 (2008) demonstrated that AlaDH 
could alter the expression profile for adaptation 
to a state of latent infection. The authors also 
showed that the conformation and crystal 
structure of AlaDH was changed from open 
to closed ternary forms in the phase of latent 
infection, which indicated the different host 
immune responses of LTBI.

In a study conducted in Italy by Chiappini 
et al.29 (2012), the antibody responses of 6 
antigens in children with LTBI and active TBI 
were compared, and their data revealed that 
IL-2 responses to the AlaDH antigen were 
significantly different between the children 
with active TBI and the healthy control group, 
whereas there was no difference between 
active TBI and LTBI in their study. The authors 
showed that AlaDH was not capable of 
discriminating active TBI from LTBI, which is 
in contrast to the results of our study, in which 
significant differences were observed between 
these 2 infections. The discrepancies between 
our findings may be due to actual differences 
in the immune responses between adults and 
children, which in turn indicates that the potency 
of AlaDH in the diagnosis of LTBI from active 
TBI is greater in our study.

We also showed that IL-2 responses to AlaDH 
were higher than IFN-γ responses to AlaDH 
in LTBI. It has been previously revealed that a 
higher response of IL-2 in LTBI was achieved 
after 72 hours’ incubation time, whereas 
24 hours’ incubation time for IFN-γ had the same 
response. Thus, a prolonged incubation period 
seems to be essential to indicate an increased 
number of central memory T cells in adults with 
LTBI.30,31 Accordingly, we used the aforesaid 
experimental conditions. Given that IL-2-positive 
ELISPOT was related to ancient exposure, the 
increase in IL-2-secreting memory T cells may 
explain the high response of IL-2 compared with 
IFN-γ in our study.21

In the past few years, a large number of 
studies, systematic reviews, and meta-analyses 
have been conducted to evaluate ELISPOT in 
distinguishing individuals with LTBI.32-34 Some 
of these studies have used different antigens. 
For instance, Hougardy et al.35 (2007) showed 
that heparin-binding-hemagglutinin antigen had 
higher sensitivity than ESAT-6 for the detection of 
LTBI. Nevertheless, their study was carried out in 
a country with a low TB prevalence and as such 
cannot be generalized to other communities. In 
another study, Martinez et al.36 (2007) evaluated 
the cellular immune response of the Erp antigen 
and demonstrated that IFN-γ responses were 
higher in patients with LTBI than in those with 
active TBI. Be that as it may, Erp is present in 

the other species of mycobacteria and vaccine 
strain Mycobacterium bovis BCG. Chen and 
colleagues16 (2009) conducted a study that 
examined the 6 antigens and found that IFN-γ 
responses to the Rv1978 antigen were higher 
in individuals with LTBI than in those with active 
TBI, although this antigen was not sensitive 
enough.

The ROC curve analysis between the 2 
antigens demonstrated that the ELISPOT assay 
for IL-2 responses to AlaDH had a greater 
discriminatory power. Our data revealed that 
IL-2 responses to the AlaDH antigen were 
significantly different between the individuals 
with LTBI and those who suffered from active 
TBI. As a result, the sequential usage of ESAT-6/
CFP-10 and AlaDH ELISPOT assays could be 
useful for the detection of TBI and LTBI. For 
instance, when these 2 tests are positive for a 
person, the result could be considered as LTBI. 
If IL-2 responses to ESAT-6/CFP-10 are positive 
and the same responses to AlaDH are negative, 
the result may indicate a person with active TBI. 
When IL-2 responses to both ESAT-6/CFP-10 
and AlaDH are negative, the result may indicate 
an uninfected person.

Our study has several limitations that should 
be mentioned. First, there is no gold standard for 
LTBI. Indeed, the only one currently available is 
for the detection of the later developmental stage 
of active TBI. The assumption of the diagnosis 
of LTBI in our study was based on a mixture of 
background exposure, which is an unavoidable 
limitation. Therefore, the definition of LTBI is 
probabilistic, based on the duration of exposures 
and history of contact with a patient suffering 
from active TBI. Second, the design of our study 
does not permit any valuation of conversion 
over time. In order to do that, we would need 
an additional assessment of the diagnostic value 
of ESAT-6/CFP-10 and AlaDH by ELISPOT in a 
large-scale study.

Conclusion

A diagnostic method that can specifically identify 
LTBI would allow more targeted therapy, which 
in turn could significantly reduce active TBI 
development. To that end, our study suggests 
that the ELISPOT assay of IL-2 responses to 
AlaDH can detect individuals with LTBI who 
have recently been infected. Accordingly, AlaDH 
has diagnostic value for individuals with active 
TBI. However, further prospective studies are 
needed to monitor the ELISPOT assay of IL-2 
responses to AlaDH among patients exposed to 
TBI.
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