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Abstract

© 2018 Della Bella 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. Background
Tuberculosis (TB) still is a major worldwide health problem, with 10.4 million new cases in 2016.
Only 5–15% of people infected with M. tuberculosis develop TB disease while others remain
latently infected (LTBI) during their lifetime. Thus, the absence of tests able to distinguish
between latent infection and active tuberculosis is one of the major limits of currently available
diagnostic tools. Methods A total of 215 patients were included in the study as active TB cases
(n = 73), LTBI subjects (n = 88) and healthy persons (n = 54). Peripheral blood mononuclear
cells (PBMCs) were isolated from each patient and the LIOSpot® TB anti-human IL-2 ELISpot
assay was performed to test their proliferative response to M. tuberculosis antigens ESAT-6,
CFP-10  and  Ala-DH.  Statistical  analysis  was  performed  to  define  the  sensitivity  and  the
specificity of the LIOSpot® TB kit for each antigen used and to set the best cut off value that
enables  discrimination  between  subjects  with  active  TB  or  latent  TB  infection.  Results
Comparing the LIOSpot® TB results for each tested antigen between uninfected and infected
subjects and between people with latent infection and active TB disease, the differences were
significant for each antigen (p< 0.0001) but the ROC analysis demonstrated a high accuracy for
the Ala-DH test only, with a cut off value of 12.5 SFC per million PBMCs and the Ala-DH ROC
curve conferred a 96% sensitivity and 100% specificity to the test. For the ESAT-6 antigen, with
a best cut off value of 71.25 SFC per million PBMCs, a sensitivity of 86% and specificity of 36%
was obtained. Finally, the best cut off value for CFP-10 was 231.25 SFC per million PBMCs, with
a sensitivity of 80% and a specificity of 54%. Thus, as for IGRA assays such as Quantiferon and
T-Spot TB tests, ESAT-6 and CFP-10 are unable to distinguish LTBI from active TB when IL-2 is
measured. On the contrary, the IL-2 production induced by Ala-DH, measured by LIOSpot® TB
kit,  shows  high  sensitivity  and  specificity  for  active  TB  disease.  Conclusions  This  study
demonstrates that  the LIOSpot® TB test  is  a  highly  useful  diagnostic  tool  to  discriminate
between latent TB infection and active tuberculosis in adults patients.
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References

[1] W o r l d  H e a l t h  O r g a n i z a t i o n .  G l o b a l  T u b e r c u l o s i s  r e p o r t  2 0 1 7 .  A v a i l a b l e  f r o m :
http: / /www.who. int / tb/publ icat ions/g lobal_report /en/

http://dx.doi.org/10.1371/journal.pone.0197825


[2] World Health Organization. Guidelines on the Management of Latent Tuberculosis Infection. Geneva, 2015.
Available from: http://www.who.int/tb/publications/latent-tuberculosis-infection/en/

[3] Dutta NK, Karakousis PC. Latent Tuberculosis Infection: Myths, Models, and Molecular Mechanisms. Microbiol
Mol Biol Rev. 2014 Sep; 78(3):343–71. https://doi.org/10.1128/MMBR.00010-14 PMID: 25184558.

[4] Getahun H, Matteelli A, Chaisson RE, Raviglione M. Latent Mycobacterium tuberculosis infection. N Engl J Med.
2015 May 28; 372(22):2127–35. https://doi.org/10.1056/NEJMra1405427 PMID: 26017823.

[5] Kahwati LC, Feltner C, Halpern M, Woodell CL, Boland E, Amick HR, et al. Screening for Latent Tuberculosis
Infection in Adults: An Evidence Review for the U.S. Preventive Services Task Force [Internet]. Rockville (MD):
Agency for Healthcare Research and Quality (US); 2016; Report No.: 14-05212-EF-1. U.S. Preventive Services
Task Force Evidence Syntheses, formerly Systematic Evidence Reviews. 27656733.

[6] Schluger NW. AJRCCM: 100-Year Anniversary. Focus on Tuberculosis. Am J Respir Crit Care Med. 2017; 195:
1112–1114. https://doi.org/10.1164/rccm.201703-0446ED PMID: 28459341.

[7] Centers for Disease Control and prevention. Interferon-Gamma Release Assays (IGRAs)—Blood Tests for TB
I n f e c t i o n .  M M W R  2 0 1 0 ;  5 9  ( N o . R R - 5 ) .  A v a i l a b l e  f r o m :
http: / /www.cdc.gov/tb/publ icat ions/ factsheets/ test ing/ IGRA.htm

[8] Pai M, Denkinger CM, Kik SV, Rangaka MX, Zwerling A, Oxlade O, et al. Gamma interferon release assays for
detection  of  Mycobacterium  tuberculosis  infection.  Clin  Microbiol  Rev.  2014  Jan;  27(1):3–20.
https://doi.org/10.1128/CMR.00034-13  PMID:  24396134.

[9] Hutter B, Singh M. Biochem J. Host vector system for high-level expression and purification of recombinant,
enzymatically active alanine dehydrogenase of Mycobacterium tuberculosis. Gene. 1998 May 28; 212(1):21–9.
PMID: 9661660.

[10] Hutter B, Singh M. Properties of the 40 kDa antigen of Mycobacterium tuberculosis, a functional L-alanine
dehydrogenase. 1999 Nov 1; 343 Pt 3:669–72. PMID: 10527947.

[11] Agren D, Stehr M, Berthold CL, Kapoor S, Oehlmann W, Singh M, Schneider G. Three-dimensional structures of
apo- and holo-L-alanine dehydrogenase from Mycobacterium tuberculosis reveal conformational changes upon
c o e n z y m e  b i n d i n g .  J  M o l  B i o l .  2 0 0 8  A p r  4 ;  3 7 7 ( 4 ) : 1 1 6 1 – 7 3 .  E p u b  2 0 0 8  F e b  1 2 .
https: / /doi .org/10.1016/ j . jmb.2008.01.091  PMID:  18304579.

[12] Dhanasekaran S, Jenum S, Stavrum R, Ritz C, Faurholt-Jepsen D, Kenneth J et al. Identification of biomarkers for
Mycobacterium tuberculosis infection and disease in BCG-vaccinated young children in Southern India.Genes
Immun. 2013 Sep; 14(6):356–64. Epub 2013 May 16. https://doi.org/10.1038/gene.2013.26 PMID: 23676757.

[13] Chiappini E, Della Bella C, Bonsignori F, Sollai S, Amedei A, Galli L, et al. Potential role of M. tuberculosis
specific IFN-gamma and IL-2 ELISPOT assays in discriminating children with active or latent tuberculosis. Plos
One. 2012; 7(9):e46041. https://doi.org/10.1371/journal.pone.0046041 Epub 2012 Sep 28. PMID: 23029377;
PubMed Central PMCID: PMC3461005.

[14] Giffin MM, Modesti L, Raab RW, Wayne LG, Sohaskey CD. ald of Mycobacterium tuberculosis encodes both the
alanine  dehydrogenase  and  the  putative  glycine  dehydrogenase.  J  Bacteriol.  2012.  194:1045–1054.
https://doi.org/10.1128/JB.05914-11 PMID: 22210765.

[15] Giffin  MM,  Shi  L,  Gennaro  ML,  Sohaskey  CD.  Role  of  Alanine  Dehydrogenase  of  Mycobacterium tuber-
culosisduring Recovery from Hypoxic Nonreplicating Persistence. PLoS One. 2016 May 20; 11(5): e0155522.
https://doi.org/10.1371/journal.pone.0155522 eCollection 2016. PMID: 27203084

[16] Mahmoudi S, Pourakbari B, Mamishi S. Interferon Gamma Release Assay in response to PE35/PPE68 proteins: a
promising diagnostic method for diagnosis of latent tuberculosis. Eur Cytokine Netw. 2017 Mar 1; 28(1):36–40.
https://doi.org/10.1684/ecn.2017.0391 PMID: 28840843.

[17] Sester U, Fousse M, Dirks J, Mack U, Prasse A, Singh M, et al.Whole-blood flow-cytometric analysis of antigen-
specific CD4 T cell cytokine profiles distinguishes active tuberculosis from non-active states. PLoS One. 2011
Mar 15; 6(3):e17813. https://doi.org/10.1371/journal.pone.0017813 PMID: 21423578.

[18] Biselli R, Mariotti S, Sargentini V, Sauzullo I, Lastilla M, Mengoni F, et al. Detection of interleukin-2 in addition to
interferon-gamma discriminates active tuberculosis patients, latently infected individuals, and controls. Clin
Microbiol Infect. 2010 Aug; 16(8):1282–4. Epub 2009 Nov 2. https://doi.org/10.1111/j.1469-0691.2009.03104.x
PMID: 19886902.

[19] Movahedi B, Mokarram P, Hemmati M, Mosavari N, Zare R, Ardekani LS, et al. IFN-γ and IL-2 Responses to
Recombinant  AlaDH  against  ESAT-6/CFP-10  Fusion  Antigens  in  the  Diagnosis  of  Latent  versus  Active
Tuberculosis Infection. Iran J Med Sci. 2017 May; 42(3):275–283. PMID: 28533576.

[20] Targeted Tuberculin Testing and Treatment of Latent Tuberculosis Infection. American Thoracic Society. MMWR
Recomm Rep. 2000; 9;49(RR-6):1–51. PubMed PMID: 10881762.

[21] Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K; IGRA Expert Committee; Centers for Disease
Control  and Prevention (CDC).  Updated guidelines for  using Interferon Gamma Release Assays to detect
Mycobacterium tuberculosis infection—United States, 2010. MMWR Recomm Rep. 2010 Jun 25; 59(RR-5):1–25.
PMID: 20577159.



[22] Hoppe  LE,  Kettle  R,  Eisenhut  M,  Abubakar  I,  on  behalf  of  the  Guideline  Development  Group.
Tuberculosis—diagnosis, management, prevention, and control: summary of updated NICE guidance. BMJ. 2016
Jan 13; 352:h6747. https://doi.org/10.1136/bmj.h6747 PMID: 26762607.

[23] Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL, Desmond E, et al.  Official American Thoracic
Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention Clinical Practice
Guidelines: Diagnosis of Tuberculosis in Adults and Children. Clin Infect Dis. 2017 Jan 15; 64(2):111–115.
https://doi.org/10.1093/cid/ciw778 PMID: 28052967; PubMed PMCID: PMC5504475.

[24] National Tuberculosis Controllers Association. Best Practice Recommendations for the use and interpretation of
Interferon-Gamma Release Assays. NSTC 2016 Annual Meeting. Available from: www.tbcontrollers.org/nstc/

[25] National  Institute  for  health  and  Care  Excellence.  NICE  guidelines.  2016;  Available  from:  nice.org.uk/
guidance/ng33.

[26] Centers for Disease Control and Prevention (CDC), developed in partnership with the New Jersey Medical
School Global Tuberculosis Institute. Latent Tuberculosis Infection: A Guide for Primary Health Care Providers.
2013. Available from: https://www.cdc.gov/tb/publications/ltbi/pdf/targetedltbi.pdf.

[27] Swet  JA.  Measuring  the  Accuracy  of  Diagnostic  Systems.  Science.  1988;  240(4857):  1285–1293.  PMID:
3287615.

[28] O’Garra A, Redford PS, McNab FW, Bloom CI, Wilkinson RJ, Berry MP. The Immune Response in Tuberculosis.
Annu  Rev  Immunol.  2013;  31:475–527.  https://doi.org/10.1146/annurev-immunol-032712-095939  PMID:
23516984.

[29] Orme IM, Robinson RT, Cooper AM. The balance between protective and pathogenic immune responses in the
TB-infected lung. Nat Immunol. 2015 Jan; 16(1):57–63. https://doi.org/10.1038/ni. 3048 PMID: 25521685.

[30] Rosenkrands I, Slayden RA, Crawford J, Aagaard C, Barry CE, Andersen P. Hypoxic response of Mycobacterium
tuberculosis studied by metabolic  labeling and proteome analysis of  cellular  and extracellular  proteins.  J
Bacteriol.  2002  Jul;  184(13):3485–91.  https://doi.org/10.1128/JB.184.13.3485-3491.  2002  PMID:  12057942;
PubMed PMCID: PMC135148.

[31] Black GF, Thiel BA, Ota MO, Parida SK, Adegbola R, Boom WH,et al. Immunogenicity of Novel DosR Regulon-
Encoded Candidate Antigens of Mycobacterium tuberculosis in Three High-Burden Populations in Africa. Clin
Vaccine Immunol. 2009 Aug; 16(8):1203–12. Epub 2009 Jun 24. https://doi.org/10.1128/CVI.00111-09 PMID:
19553548.

[32] Leyten EM, Lin MY, Franken KL, Friggen AH, Prins C, van Meijgaarden KE, et al. Human T-cell responses to 25
novel antigens encoded by genes of the dormancy regulon of Mycobacterium tuberculosis. Microbes Infect.
2006 Jul; 8(8):2052–60. Epub 2006 Jun 13. https://doi.org/10.1016/j.micinf.2006.03.018 PMID: 16931093.

[33] Goletti D, Butera O, Vanini V, Lauria FN, Lange C, Franken KL, et al. Response to Rv2628 latency antigen
associates  with  cured  tuberculosis  and  remote  infection.  Eur  Respir  J.  2010  Jul;  36(1):135–42.
https://doi.org/10.1183/09031936.00140009 Epub 2009 Nov 19. PMID: 19926735.

[34] Betts  JC,  Lukey  PT,  Robb  LC,  McAdam  RA,  Duncan  K.  Evaluation  of  a  nutrient  starvation  model  of
Mycobacterium tuberculosis persistence by gene and protein expression profiling. Mol Microbiol. 2002 Feb;
43(3):717–31. PMID: 11929527.

[35] Won EJ,  Choi  JH,  Cho YN,  Jin  HM, Kee HJ,  Park YW, et  al.  Biomarkers  for  discrimination between latent
tuberculosis  infection  and  active  tuberculosis  disease.  J  Infect.  2017  Mar;  74(3):281–293.
https://doi.org/10.1016/j.jinf.2016.11.010  Epub  2016  Nov  19.  PMID:  27871809.

[36] Sun Q, Wei W, Sha W. Potential Role for Mycobacterium tuberculosis Specific IL-2 and IFN-γ Responses in
Discriminating between Latent Infection and Active Disease after Long-Term Stimulation. PLoS One. 2016 Dec
29;  11(12):e0166501.  https://doi.org/10.1371/journal.pone.0166501  eCollection  2016.  PMID:  28033330;
PubMed PMCID: PMC5199057.

[37] Wu J, Wang S, Lu C, Shao L, Gao Y, Zhou Z, et al. Multiple cytokine responses in discriminating between active
tuberculosis  and  latent  tuberculosis  infection.  Tuberculosis  (Edinb).  2017  Jan;  102:68–75.
https://doi.org/10.1016/j.tube.2016.06.001  Epub  2016  Jun  8.  PMID:  28061954.

[38] Zhou B, Zhu M, Qiu Y, Yang P. Novel Electrochemiluminescence Sensing Platform for the Precise Analysis of
Mul t ip le  LTBI  Markers .  ACS  Appl  Mater  Inter faces.  2017  Jun  7;  9(22) :18493–18500.
https: / /doi .org/10.1021/acsami.7b03211  Epub  2017  May  24.  PMID:  28497690.

[39] Kamakia R, Kiazyk S, Waruk J,  Meyers A, Ochanda J,  Ball  TB, et al.  Potential biomarkers associated with
discrimination  between  latent  and  active  pulmonary  tuberculosis.  Int  J  Tuberc  Lung  Dis.  2017  Mar  1;
21(3):278–285. https://doi.org/10.5588/ijtld.16.0176 PMID: 28225338.

[40] Suzukawa M, Akashi S, Nagai H, Nagase H, Nakamura H, Matsui H, et al. Combined analysis of IFN-γ, IL-2, IL-5,
IL-10, IL-1RA and MCP-1 in QFT supernatant is useful for distinguishing active tuberculosis from latent infection.
PLoS One. 2016 Apr 1; 11(4):e0152483. https://doi.org/10.1371/journal.pone. 0152483 eCollection 2016. PMID:
27035669; PubMed PMCID: PMC4817970.


