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Abstract

One-third of the world's population is infected with tuberculosis, only 10% will develop active disease and the
remaining 90% is considered to have latent TB (LTB). While active TB is contagious and can be lethal, the LTB can
evolve to active TB. The diagnosis of TB can be challenging, especially in the early stages, due to the variability in
presentation and nonspecific signs and symptoms. Currently, we have limited tools available to diagnose active TB,
predict treatment efficacy and cure of active tuberculosis, the reactivation of latent tuberculosis infection, and the
induction of protective immune responses through vaccination. Therefore, the identification of robust and accurate
tuberculosis-specific biomarkers is crucial for the successful eradication of TB. In this commentary, we summarized
the available methods for diagnosis and differentiation of active TB from LTB and their limitations. Additionally, we
present a novel peptide microarray platform as promising strategy to identify TB biomarkers.
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Introduction

Mpycobacterium  tuberculosis (Mtb), the causative agent of
tuberculosis (TB), is surrounded by a cell wall rich in waxes and lipids
which contributes to its high resistance to treatment and provides a
survival benefit under unfavorable conditions either in the
environment or in the host [1]. Mycobacteria require high oxygen
tension to grow, thus the respiratory system provides the best
environment for Mtb to grow and to spread through exhalation and
expectoration [2]. Alveolar macrophages (AMs) in the lungs are the
reservoir of Mtb. The host response to AMtb infection involves a
complex interplay between mononuclear phagocytes, T and B
lymphocytes. Initially Mtb are taken up into phagosomal
compartments of macrophages, then undergo processing and
presenting mycobacterial antigens to the surrounding T lymphocytes
[3]. Activated T cells secrete cytokines and chemokines to keep the
macrophages in an activated state and recruit other immune cells to
the site of infection [4]. CD4* T cells are considered to play an
important role in mediating a protective cellular immune response
against Mtb by secreting cytokines and also serve as cytotoxic effector
cells capable of directly lysing targeted cells. Additionally, B
lymphocytes are a prominent component of tuberculosis granulomas
and emerging evidence suggests that humoral immunity plays an
important role in modulating immune responses against Mtb [5-7].
This suggests that serum antibodies are equally important as T cell
based immunity in combating mycobacterial infections.

Tuberculosis (TB) remains the most common infectious disease and
global health problem. The World Health Organization (WHO)
estimated nine million new cases and 1.5 million deaths from TB in
2013 [8]. Based on the WHO data one-third of the world's population

is infected with Mtb complex and considered to have latent TB (LTB).
The host's immune system typically prevents the organism from
spreading beyond the primary site of infection, approximately 5 to 10%
of these latent Mtb infections progress to active disease. Active TB is
contagious and lethal with a mortality rate of greater than 50% in
untreated individuals [8]. Therefore, early diagnosis of active TB is a
crucial step in the success of treatment. The diagnosis of TB can be
challenging, especially in the early stages, due to the variability in
presentation and nonspecific signs and symptoms. In patients with
smear negative TB early detection is even more difficult because of low
numbers of bacilli in clinical samples [9]. Furthermore, there are
limited tools available to predict treatment efficacy and cure of active
tuberculosis, the reactivation of latent tuberculosis infection, and the
induction of protective immune responses through vaccination.
Therefore, the discovery of robust and accurate tuberculosis-specific
biomarkers is crucial for the successful elimination of TB.

Here we summarize the conventional approach and new
perspectives in TB detection. Additionally, we present a peptide
microarray platform as a promising strategy focusing on the
interaction between innate immunity and the humoral immune system
to identify TB serum biomarkers. This may enable us to discover
unknown epitopes targeting Mtb antigens leading to a better
understanding of host defenses against Mtb.

Direct sputum smear microscopy is most commonly used to
diagnose active TB. Microscopic examination of sputum is relatively
rapid, inexpensive, and widely available for routine diagnosis of TB in
developing countries. However, sputum smear microscopy is only
60-70% sensitive compared to the higher sensitivity of sputum culture
for active TB. The sputum culture can take up to 8 weeks to obtain
results and has a limitation in detecting extra-pulmonary TB.
Importantly, this test cannot identify individuals with latent TB
infection. Recently, the WHO endorsed the GeneXpertMTB/RIF test
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for the detection of mycobacteria in sputum [10]. This test is a
cartridge-based, automated diagnostic test that can rapidly identify
Mtb DNA and its resistance to rifampicin, by nucleic acid
amplification technique (NAAT) in less than 2 hours [10,11]. The cost
and complexity of the GeneXpert is a concern for broad based
implementation in low-resource settings. For rifampicin resistance
detection, Xpert MTB/RIF provides accurate results and can allow
rapid initiation of multidrug resistant treatment. This assay has lower
sensitivity towards smear-negative pulmonary and extrapulmonary
diseases [11-13]. However, this test cannot detect latent TB.

Cytokine Based Tests Assessing Predominantly T cell
Response

Two Interferon gamma release assays (IGRAs) approved by the U.S.
Food and Drug Administration (FDA) are the QuantiFERON-TB Gold
In-Tube test (QFT-GIT) and the T-SPOT TB Test (T-Spot) [14,15].
Both tests assess IFNy production of T cells after in vitro stimulation of
whole blood or PBMCs with Mtb specific antigens such as ESATS,
CFP10 and TB7. The results can be obtained within 24 h. Major short
comings of the QFT and T-Spot are the lack of its ability to distinguish
between latent TB and active TB as well as low performance in
endemic area in immunocompromised patients and children less than
five years of age [16]. Dual-color Reverse Transcriptase-Multiplex
Ligation dependent Probe Amplification (Dual-color RT-MLPA) is
another assay that utilizes whole blood to evaluate the quantitative
changes in gene expression profiles. This assay can differentiate
between active TB, treated TB, latent infection or healthy controls, but
needs further validation in larger prospective cohort studies [17].

Serological Biomarkers for Active Tuberculosis

Serological tests based on the detection of circulating antibodies
against Mtb-specific antigens have several theoretical advantages, as
they are simple, cheap, and feasible for point of care diagnostics. These
tests are developed using specific TB antigens. However, comparative
available studies have sensitivities ranging from 0.09% to 59.7% with
specificities from 53% to 98% [18,19]. Similarly, strategies to detect
various circulating cytokines in serum or antibodies in urine samples
as adjunctive biomarkers for the differential diagnosis of active and
latent TB as well as non-tuberculosis mycobacteria diseases (NTM)
[20-24] yielded less reliable results.

Role of B Cells and Serum Antibodies in Host Defense
Against Mtb

The protective role of B cells and humoral immune responses in
tuberculosis has been regarded as inferior to the cellular immunity
directed towards the intracellular pathogen Mtb [25]. Despite being a
facultative intracellular pathogen, Mitb is potentially susceptible to
various mechanisms of antibody-mediated immunity. Opsonization
through FcyR was shown to promote phagolysosomal fusion and
intracellular killing [26,27]. Besides the well-known role of B cells in
providing a robust T cell response against Mtb through secretion of
various cytokines and chemokines, recent studies highlight the
importance of B cells in the modulation of neutrophil function and
granuloma formation [7,28-30]. In animal models, there is increasing
evidence that mice with defective humoral immunity are more
susceptible to TB. Additionally, passive transfer of antibodies to Mtb
antigens protects mice against TB [31,32]. Interestingly, Ashenafi et al.
[30] found that BCG-specific IgG-secreting peripheral plasmablasts

could be successfully utilized as a host-specific biomarker for TB
diagnosis, even in subjects with impaired T cell function, including
HIV positive subjects, and subjects with culture negative TB. Thus, the
detection of Mtb-specific antibody responses in sera of TB patients
provides an important step not only for TB diagnosis but also for the
development of new vaccines and monitoring of the immune response
after vaccination. There is a need for a new conceptual approach to
understand the complex host immune response to Mtb, beyond cell-
mediated immunity, including the mechanisms of humoral immunity
and antibody formation.

Peptide microarray technology allows the testing of several
thousand unique epitopes displayed as linear peptides on a slide to
detect humoral immune responses in an unbiased fashion. In our lab,
we developed a high throughput method using T7 phage display cDNA
library [33]. This cDNA library was derived from mRNA isolated from
bronchoalveolar lavage (BAL) cells and leukocytes of sarcoidosis
patients. The combination of BAL cells and leukocytes likely contains
all cellular players of the immune response against pathogens
including antigen presenting cells (APC), T and B cells, and
neutrophils. Thus, this method utilizes the immune repertoire, which
can be immunoscreened using serum as the source of antibodies to
identify disease-specific antigens (Figure 1).

This library was differentially biopanned with healthy control sera
and sarcoidosis sera to enrich for sarcoidosis specific antigens. A
microarray of these antigens was constructed and then
immunoscreened with the sera of healthy controls and sarcoidosis
patients. Surprisingly, by immunoscreening the same microarray
platform with the sera of culture positive TB subjects, we identified 50
antigens that differentiated between TB, sarcoidosis and healthy
controls [33]. Sarcoidosis is a granulomatous disease with striking
clinicopathological similarities to TB [34,35].Proteomic and genomic
studies to identify sarcoidosis antigens led to identification of various
Mtb related antigens including mycobacterial catalase-peroxidase
(mKatG) indicating Mtb as a potential etiologic factor in sarcoidosis
[34-41]. The fact that immunoscreening of our T7 phage cDNA library
derived from polyA mRNA obtained from BALs and leukocytes of
sarcoidosis patients could identify a panel of specific antigens to
classify TB from sarcoidosis and healthy controls, suggests of the
presence of TB antigens in cDNA library [33].

T7 phage display method has several advantages; the life cycle of T7
phage is far faster so that the process of cloning is more rapid.
Additionally, several libraries can be pooled and screened in parallel.
We used the bar coding strategy for the identification of T7 phage
clones from a pool of T7 phage cDNA libraries [33]. Immunoscreening
requires only minimal amount of serum and it is relatively cheap and
non-invasive. Additionally, same platform can be immunoscreened
with various categories of patients, including immunocompromised
patients. In the process of immunoscreening, we have identified 164
antigens specific for smear negative but culture positive TB and
exclusively recognized by antibodies present in TB sera. These results
provide evidence that TB specific antibodies are generated and can be
detected in TB patients and this may prove to be useful in developing
biomarkers to diagnose TB as well as to differentiate between active TB
and latent TB. Our hypothesis is that latent TB versus active TB has a
different immune response profile to our T7 phage cDNA antigen
library and that it can be characterized by a reasonable small set of
biomarkers. These set of biomarkers will enable us to distinguish active
TB from latent TB and non-infected sera. Furthermore, the specific TB
antigens that were identified in our lab using T7 phage display cDNA
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library may aid to develop a TB vaccine that will generate specific
humoral response against Mzb.
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Figure 1: Schematic diagram of discovery of TB antigens. A cDNA
library was constructed from a pool of mRNA isolated from BALs
of 20 subjects and leukocytes from 36 sarcoid patients, and then
combined with mRNA extracts from cultured human monocytes
and human embryonic lung fibroblasts. After digestion, the cDNA
library was inserted into a T7 phage vector and packaged into T7
phages to generate a cDNA-phage-display library. After four rounds
of biopanning, enriched specific peptide clones were cultured onto
LB agar plates. A total of 1152 single colonies, including positive
and negative clones were randomly picked and propagated into 96-
well plates. Phage-clone lysates were then printed robotically onto
coated glass slides to create the phage-protein microarray. Cy5 (red
fluorescent dye)-labeled antihuman antibody was used to detect
IgGs in human serum that were reactive to peptide clones, and a
Cy3 (green fluorescent dye)-labeled antibody was used to detect the
phage capsid protein in order to normalize for spotting. A total of
115 sarcoid sera, 64 healthy control sera and 17 TB sera were tested
on the 1152 phage peptide microarray platform. Bioinformatically
analyzed data identified 238 TB antigens differentiating TB sera
from healthy controls sera and 380 TB antigens vs sarcoidosis. Right
side of the diagram simplifies the complex recognition and
phagocytosis of bacteria (e.g. Mtb) by antigen presenting cells
(alveolar macrophages, dendritic cells and others), followed by
antigen processing and presentation to T and B cells, formation of
memory T and B cells and finally providing T and B cell immunity
against Mtb in form of IgG. The left side of the diagram models the
technology of combining phage-display, protein microarray derived
from human APC as bait to capture immunoglobulins from human
sera. Finally, using bioinformatics to select highly specific and
sensitive panel of clones for the diagnosis of TB.

Acknowledgement

This work was supported by NIH grant R21HL104481-01A1
awarded to L.S. and with the support of the Department of Medicine,
and the Center for Molecular Medicine and Genetics, Wayne State
University School of Medicine (LS).

Disclosure

None of the authors of this manuscript had any financial

relationship with a commercial company.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gengenbacher M, Kaufmann SH (2012) Mycobacterium tuberculosis:
success through dormancy. FEMS Microbiol Rev 36: 514-532.

Lawn SD, Zumla AI (2011) Tuberculosis. Lancet 378: 57-72.

Chan J, Flynn J (2004) The immunological aspects of latency in
tuberculosis. Clin Immunol 110: 2-12.

Pieters J (2008) Mycobacterium tuberculosis and the macrophage:
maintaining a balance. Cell Host Microbe 3: 399-407.

Rao MD, Valentini T, Poiret E, Dodoo S, Parida A, et al. (2015) B in TB: B
Cells as Mediators of Clinically Relevant Immune Responses in
Tuberculosis. Clinical infectious diseases: an official publication of the
Infectious Diseases Society of America 61: $225-234.

Kozakiewicz L, Phuah ], Flynn J, Chan ] (2013) The role of B cells and
humoral immunity in Mycobacterium tuberculosis infection. Adv Exp
Med Biol 783: 225-250.

Chan J, Mehta S, Bharrhan S, Chen Y, Achkar JM, et al. (2014) The role of
B cells and humoral immunity in Mycobacterium tuberculosis infection.
Semin Immunol 26: 588-600.

Zumla AA, George V, Sharma N, Herbert I, Masham B (2013) WHO's
2013 global report on tuberculosis: successes, threats, and opportunities.
Lancet 382: 1765-1767.

Wallis RS, Pai M, Menzies D, Doherty TM, Walzl G, et al. (2010)
Biomarkers and diagnostics for tuberculosis: progress, needs, and
translation into practice. Lancet 375: 1920-1937.

Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, et al. (2010)
Rapid molecular detection of tuberculosis and rifampin resistance. N
Engl ] Med 363: 1005-1015.

Zeka AN, Tasbakan S, Cavusoglu C (2011) Evaluation of the GeneXpert
MTB/RIF assay for rapid diagnosis of tuberculosis and detection of
rifampin resistance in pulmonary and extrapulmonary specimens.
Journal of clinical microbiology 49: 4138-4141.

Steingart KR, Schiller I, Horne DJ, Pai M, Boehme CC, et al. (2014)
Xpert(R) MTB/RIF assay for pulmonary tuberculosis and rifampicin
resistance in adults. The Cochrane database of systematic reviews 1:
CD009593.

Niemz A, Ferguson TM, Boyle DS (2011) Point-of-care nucleic acid
testing for infectious diseases. Trends Biotechnol 29: 240-250.

Mori T, Sakatani M, Yamagishi F, Takashima T, Kawabe Y, et al. (2004)
Specific detection of tuberculosis infection: an interferon-gamma-based
assay using new antigens. American journal of respiratory and critical
care medicine 170: 59-64.

Simsek H, Alpar S, Ucar N, Aksu E, Ceyhan I, et al. (2010) Comparison of
tuberculin skin testing and T-SPOT. TB for diagnosis of latent and active
tuberculosis. Jpn J Infect Dis 63: 99-102.

Legesse M, Ameni G, Mamo G, Medhin G, Bjune G, et al. (2010)
Performance of QuantiFERON-TB Gold In-Tube (QFTGIT) for the
diagnosis of Mycobacterium tuberculosis (Mtb) infection in Afar
Pastoralists, Ethiopia. BMC infectious diseases 10: 354.

Joosten SA, Goeman JJ, Sutherland JS, Opmeer L, de Boer KG, et al.
(2012) Identification of biomarkers for tuberculosis disease using a novel
dual-color RT-MLPA assay. Genes Immun 13: 71-82.

Steingart KR, Henry M, Laal S, Hopewell PC, Ramsay A, et al. (2007) A
systematic review of commercial serological antibody detection tests for
the diagnosis of extrapulmonary tuberculosis. Postgraduate medical
journal 83: 705-712.

Steingart KR, Dendukuri N, Henry M, Schiller I, Nahid P, et al. (2009)
Performance of purified antigens for serodiagnosis of pulmonary
tuberculosis: a meta-analysis. Clinical and vaccine immunology 16:
260-276.

Mycobact Dis
ISSN:2161-1068 MDTL, an open access journal

Volume 6 « Issue 2 « 1000214


http://www.ncbi.nlm.nih.gov/pubmed/22320122
http://www.ncbi.nlm.nih.gov/pubmed/22320122
http://www.ncbi.nlm.nih.gov/pubmed/21420161
http://www.ncbi.nlm.nih.gov/pubmed/14986673
http://www.ncbi.nlm.nih.gov/pubmed/14986673
http://www.ncbi.nlm.nih.gov/pubmed/18541216
http://www.ncbi.nlm.nih.gov/pubmed/18541216
http://cid.oxfordjournals.org/content/61/suppl_3/S225.short
http://cid.oxfordjournals.org/content/61/suppl_3/S225.short
http://cid.oxfordjournals.org/content/61/suppl_3/S225.short
http://cid.oxfordjournals.org/content/61/suppl_3/S225.short
http://www.ncbi.nlm.nih.gov/pubmed/23468112
http://www.ncbi.nlm.nih.gov/pubmed/23468112
http://www.ncbi.nlm.nih.gov/pubmed/23468112
http://www.ncbi.nlm.nih.gov/pubmed/25458990
http://www.ncbi.nlm.nih.gov/pubmed/25458990
http://www.ncbi.nlm.nih.gov/pubmed/25458990
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62078-4/fulltext?rss%3Dyes
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62078-4/fulltext?rss%3Dyes
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)62078-4/fulltext?rss%3Dyes
http://www.ncbi.nlm.nih.gov/pubmed/20488517
http://www.ncbi.nlm.nih.gov/pubmed/20488517
http://www.ncbi.nlm.nih.gov/pubmed/20488517
http://www.ncbi.nlm.nih.gov/pubmed/20825313
http://www.ncbi.nlm.nih.gov/pubmed/20825313
http://www.ncbi.nlm.nih.gov/pubmed/20825313
http://jcm.asm.org/content/49/12/4138.short
http://jcm.asm.org/content/49/12/4138.short
http://jcm.asm.org/content/49/12/4138.short
http://jcm.asm.org/content/49/12/4138.short
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD009593.pub3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD009593.pub3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD009593.pub3/pdf
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD009593.pub3/pdf
http://www.ncbi.nlm.nih.gov/pubmed/21377748
http://www.ncbi.nlm.nih.gov/pubmed/21377748
http://www.atsjournals.org/doi/abs/10.1164/rccm.200402-179OC
http://www.atsjournals.org/doi/abs/10.1164/rccm.200402-179OC
http://www.atsjournals.org/doi/abs/10.1164/rccm.200402-179OC
http://www.atsjournals.org/doi/abs/10.1164/rccm.200402-179OC
http://www.ncbi.nlm.nih.gov/pubmed/20332570
http://www.ncbi.nlm.nih.gov/pubmed/20332570
http://www.ncbi.nlm.nih.gov/pubmed/20332570
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-10-354
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-10-354
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-10-354
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-10-354
http://www.ncbi.nlm.nih.gov/pubmed/21956656
http://www.ncbi.nlm.nih.gov/pubmed/21956656
http://www.ncbi.nlm.nih.gov/pubmed/21956656
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2734443/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2734443/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2734443/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2734443/
http://cvi.asm.org/content/16/2/260.short
http://cvi.asm.org/content/16/2/260.short
http://cvi.asm.org/content/16/2/260.short
http://cvi.asm.org/content/16/2/260.short

Citation:

Mycobact Dis 6: 214. doi:10.4172/2161-1068.1000214

Talwar H, Talreja J, Samavati L (2016) T7 Phage Display Library a Promising Strategy to Detect Tuberculosis Specific Biomarkers.

Page 4 of 4

20. Hur YG, Kang YA, Jang SH, Hong JY, Kim A, et al. (2015) Adjunctive ~ 31. Buccheri S, Reljic R, Caccamo N, Meraviglia S, Ivanyi J, et al. (2009)
biomarkers for improving diagnosis of tuberculosis and monitoring Prevention of the post-chemotherapy relapse of tuberculous infection by
therapeutic effects. ] Infect 70: 346-355. combined immunotherapy. Tuberculosis (Edinb) 89: 91-94.

21. Chegou NN, Heyckendorf J, Walzl G, Lange C, Ruhwald M (2014) 32. Guirado E, Amat I, Gil O, Diaz ], Arcos V, et al. (2006) Passive serum
Beyond the IFN-* horizon: biomarkers for immunodiagnosis of infection therapy with polyclonal antibodies against Mycobacterium tuberculosis
with Mycobacterium tuberculosis. Eur Respir J 43: 1472-1486. protects against post-chemotherapy relapse of tuberculosis infection in

22. Pottumarthy S, Wells VC, Morris AJ (2000) A comparison of seven tests SCID mice. Microbes and infection / Institut Pasteur 8: 1252-1259.
for serological diagnosis of tuberculosis. Journal of clinical microbiology =~ 33. Talwar H, Rosati R, Li ], Kissner D, Ghosh S, et al. (2015) Development of
38:2227-2231. a T7 Phage Display Library to Detect Sarcoidosis and Tuberculosis by a

23. Ben-Selma W, Harizi H, Boukadida J (2011) Immunochromatographic Panel of Novel Antigens. EBioMedicine 2: 341-350.

IgG/IgM test for rapid diagnosis of active tuberculosis. Clin Vaccine 34, Chen ES, Moller DR (2007) Expression profiling in granulomatous lung
Immunol 18: 2090-2094. disease. Proc Am Thorac Soc 4: 101-107.

24, Drain PK, Losina E, Coleman SM, Giddy J, Ross D, et al. (2014) 35. Chen ES, Wahlstrom ], Song Z, Willett MH, Wiken M, et al. (2008) T cell
Diagnostic accuracy of a point-of-care urine test for tuberculosis responses to mycobacterial catalase-peroxidase profile a pathogenic
screening among newly-diagnosed HIV-infected adults: a prospective, antigen in systemic sarcoidosis. ] Immunol 181: 8784-8796.
clinic-based study. BMC infectious diseases 14: 110. 36. Hajizadeh R, Sato HH, Carlisle J, Nadaf MT, Evans W, et al. (2007)

25. Maglione PJ, Chan ] (2009) How B cells shape the immune response Mycobacterium tuberculosis Antigen 85A induces Th-1 immune
against Mycobacterium tuberculosis. Eur ] Immunol 39: 676-686. responses in systemic sarcoidosis. ] Clin Immunol 27: 445-454.

26. Malik ZA, Denning GM, Kusner DJ (2000) Inhibition of Ca(2+) signaling  37. Song Z, Marzilli L, Greenlee BM, Chen ES, Silver RF (2005)
by Mycobacterium tuberculosis is associated with reduced phagosome- Mycobacterial catalase-peroxidase is a tissue antigen and target of the
lysosome fusion and increased survival within human macrophages. The adaptive immune response in systemic sarcoidosis. The Journal of
Journal of experimental medicine 191: 287-302. experimental medicine 201: 755-767.

27. Achkar JM, Casadevall A (2013) Antibody-mediated immunity against 38, Dubaniewicz A, Dubaniewicz-Wybieralska M, Sternau A, Zwolska Z,
tuberculosis: implications for vaccine development. Cell host & microbe Izycka-Swieszewska E, et al. (2006) Mycobacterium tuberculosis complex
13: 250-262. and mycobacterial heat shock proteins in lymph node tissue from

28. Kozakiewicz L, Chen Y, Xu J, Wang Y, Dunussi-Joannopoulos K, et al. patients with pulmonary sarcoidosis. Journal of clinical microbiology 44:
(2013) B cells regulate neutrophilia during Mycobacterium tuberculosis 3448-3451.
infection and BCG vaccination by modulating the interleukin-17  39. Koth LL, Solberg OD, Peng JC, Bhakta NR, Nguyen CP, et al. (2011)
response. PLoS Pathog 9: €1003472. Sarcoidosis blood transcriptome reflects lung inflammation and overlaps

29. du Plessis W], Walzl G, Loxton AG (2016) B cells as multi-functional with tuberculosis. Am J Respir Crit Care Med 184: 1153-1163.
players during Mycobacterium tuberculosis infection and disease. 40. Maertzdorf J, Weiner J , Mollenkopf HJ, TBornot TB Network, Bauer T,
Tuberculosis 97: 118-125. Prasse A, et al. (2012) Common patterns and disease-related signatures in

30. Ashenafi S, Aderaye G, Zewdie M, Ragib R, Bekele A, et al. (2013) BCG- tuberculosis and sarcoidosis. Proc Natl Acad Sci U S A 109: 7853-7858.
specific IgG-secreting peripheral plasmablasts as a potential biomarker of 41, Brownell I, Ramirez-Valle F, Sanchez M, Prystowsky S (2011) Evidence
active tuberculosis in HIV negative and HIV positive patients. Thorax 68: for mycobacteria in sarcoidosis. Am J Respir Cell Mol Biol 45: 899-905.
269-276.

Mycobact Dis Volume 6 « Issue 2 « 1000214

ISSN:2161-1068 MDTL, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/25452040
http://www.ncbi.nlm.nih.gov/pubmed/25452040
http://www.ncbi.nlm.nih.gov/pubmed/25452040
http://www.ncbi.nlm.nih.gov/pubmed/24311770
http://www.ncbi.nlm.nih.gov/pubmed/24311770
http://www.ncbi.nlm.nih.gov/pubmed/24311770
http://jcm.asm.org/content/38/6/2227.short
http://jcm.asm.org/content/38/6/2227.short
http://jcm.asm.org/content/38/6/2227.short
http://www.ncbi.nlm.nih.gov/pubmed/21994352
http://www.ncbi.nlm.nih.gov/pubmed/21994352
http://www.ncbi.nlm.nih.gov/pubmed/21994352
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-14-110
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-14-110
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-14-110
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-14-110
http://www.ncbi.nlm.nih.gov/pubmed/19283721
http://www.ncbi.nlm.nih.gov/pubmed/19283721
http://jem.rupress.org/content/191/2/287.abstract
http://jem.rupress.org/content/191/2/287.abstract
http://jem.rupress.org/content/191/2/287.abstract
http://jem.rupress.org/content/191/2/287.abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3759397/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3759397/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3759397/
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003472
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003472
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003472
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1003472
http://www.sciencedirect.com/science/article/pii/S1472979215301219
http://www.sciencedirect.com/science/article/pii/S1472979215301219
http://www.sciencedirect.com/science/article/pii/S1472979215301219
http://thorax.bmj.com/content/68/3/269.short
http://thorax.bmj.com/content/68/3/269.short
http://thorax.bmj.com/content/68/3/269.short
http://thorax.bmj.com/content/68/3/269.short
http://www.ncbi.nlm.nih.gov/pubmed/18986840
http://www.ncbi.nlm.nih.gov/pubmed/18986840
http://www.ncbi.nlm.nih.gov/pubmed/18986840
http://europepmc.org/abstract/med/16702016
http://europepmc.org/abstract/med/16702016
http://europepmc.org/abstract/med/16702016
http://europepmc.org/abstract/med/16702016
http://www.ncbi.nlm.nih.gov/pubmed/26086036
http://www.ncbi.nlm.nih.gov/pubmed/26086036
http://www.ncbi.nlm.nih.gov/pubmed/26086036
http://www.ncbi.nlm.nih.gov/pubmed/17202298
http://www.ncbi.nlm.nih.gov/pubmed/17202298
http://www.jimmunol.org/content/181/12/8784.short
http://www.jimmunol.org/content/181/12/8784.short
http://www.jimmunol.org/content/181/12/8784.short
http://link.springer.com/article/10.1007/s10875-007-9080-4
http://link.springer.com/article/10.1007/s10875-007-9080-4
http://link.springer.com/article/10.1007/s10875-007-9080-4
http://jem.rupress.org/content/201/5/755.short
http://jem.rupress.org/content/201/5/755.short
http://jem.rupress.org/content/201/5/755.short
http://jem.rupress.org/content/201/5/755.short
http://jcm.asm.org/content/44/9/3448.short
http://jcm.asm.org/content/44/9/3448.short
http://jcm.asm.org/content/44/9/3448.short
http://jcm.asm.org/content/44/9/3448.short
http://jcm.asm.org/content/44/9/3448.short
http://www.ncbi.nlm.nih.gov/pubmed/21852540
http://www.ncbi.nlm.nih.gov/pubmed/21852540
http://www.ncbi.nlm.nih.gov/pubmed/21852540
http://www.ncbi.nlm.nih.gov/pubmed/22547807
http://www.ncbi.nlm.nih.gov/pubmed/22547807
http://www.ncbi.nlm.nih.gov/pubmed/22547807
http://www.ncbi.nlm.nih.gov/pubmed/21659662
http://www.ncbi.nlm.nih.gov/pubmed/21659662

	Contents
	T7 Phage Display Library a Promising Strategy to Detect Tuberculosis Specific Biomarkers
	Abstract
	Keywords:
	Introduction
	Cytokine Based Tests Assessing Predominantly T cell Response
	Serological Biomarkers for Active Tuberculosis
	Role of B Cells and Serum Antibodies in Host Defense Against Mtb
	Acknowledgement
	Disclosure
	References


