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Editorial on the Research Topic
Immuno-diagnosis of active tuberculosis

Active tuberculosis (ATB) diagnosis suffers from several knowledge gaps and challenges,
including the need for newer assays with faster turn-around-time (TAT), high sensitivity and
specificity, lower costs, and the potential for Point-of-Care (POC) use assays. Towards this goal,
we need novel tests that can be used at the population level to screen and/or test high risk
populations, including household contacts of sputum positive index patients and persons living
with HIV/AIDS. In addition, tests that can be adaptable towards use in treatment follow-up (to
predict cure or relapse/reinfection), and as potential surrogate markers of tuberculosis (TB)
vaccination are important towards the global control of tuberculosis. A test using blood-based
samples would have potential for future studies to “estimate” the mycobacterial load in the body
(akin to the HIV viral load test), which would improve the treatment of ATB, and latent
tuberculosis infection (LTBI). In addition, immune-based POC tests for ATB diagnosis have the
potential for low invasiveness, being user friendly for staff and patients, minimal training needs,
greater simplicity, and low cost; making immuno-diagnosis of active tuberculosis a promising
approach. To date, a number of studies have been done in both high and low TB endemic
settings to diagnose, or even predict, the evolution towards ATB. Much as some studies have
shown high sensitivity and specificity (over 85%), there are still many challenges towards the
ideal test, and more research needs to be done.
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Studies for an Immune marker in
active tuberculosis diagnostics

Immunodiagnostic studies to diagnose and/or predict the
possibility of pulmonary tuberculosis (PTB have recently been
conducted in different non sputum specimens, including serum,
plasma, unstimulated or stimulated Quantiferon supernatants,
peripheral blood mononuclear cells (PBMC), in addition to extra-
sanguineous specimens, such as saliva, urine, pleural fluid, ascites,
cerebrospinal fluid as well as bronchio-alveolar lavage cells and
fluids, and induced sputum. The current literature still shows
limited sensitivity and specificity in the diagnosis of ATB, with
studies showing variable markers predicting ATB, despite generally
related assays and study populations; with few achieving optimal
sensitivity and specificity.

Namuganga and colleagues compared immune markers in
saliva and sputum among patients with Genexpert confirmed
ATB, and showed different significant markers between saliva and
serum, thus highlighting the potential for saliva-based ATB
diagnostic markers (1). Two multi-country studies in high ATB
endemic African sites showed potential of Mtb host response
markers in different combinations with varying levels of
sensitivity and specificity (up to 94 and 73% respectively) either
in predicting ATB compared to healthy controls, (or better still) to
Non-MTB respiratory infections (2, 3). However, these studies
required 7 and 4 host marker combinations, respectively, to attain
the high sensitivity observed, making them expensive to produce for
population based ATB triage assays. Moreover, there was little
overlap of significant host markers (only CRP and IP-10) in these
2 studies, indicating possible site, technique or individual variation,
impacts on the results obtained for particular markers.

In this collection, Luo et al. show that a single candidate marker
HLA-DR on Mtb responding specific cells could differentiate ATB
from LTBI with a high area under the ROC (receiver operating
characteristic) curve, (0.901), and high sensitivity, but moderate
specificity, a step towards a low cost potential triage test marker.
Furthermore, the same group shows that HLA-DR on Mtb-specific
cells, combined with TBAg/PHA ratio increased the ROC to 0.937.
However, not all markers are upregulated in ATB, as in the paper by
Garlant et al., where in a 6-molecule biosignature, transmembrane
protein 49 (TMEM9) was downregulated in ATB compared to LTBI
negative controls. In a meta-analysis, Meca et al. suggest that CRP
alone, above 8 mg/L has potential as a single molecule triage
diagnostic test. Related to this, high sensitivity (hs) CRP alone
may differentiate various forms of pediatric ATB compared to
healthy children, making this a potentially lower cost, variable
age, triage test (4). Another pediatric test by Tornheim et al.
suggests plasma kynurenine levels could be useful as an ATB
diagnostic marker in children, having high sensitivity (81.5), but
low ROC (0.667). It, would, however, be of interest to determine the
performance of the combined assessment ofhsCRP and kynurenine
levels in pediatric populations. Mann et al. show 4-5 high sensitivity
biomarker signatures in patients with confirmed spine ATB relative
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to control subjects, which may diagnose other forms of
extra-pulmonary tuberculosis.

In Brazil, a study by Queiroz et al. of persons with advanced
HIV disease indicates the diagnostic potential of an assay with two
cytokines, IL-15 and IL-10, in plasmathat are lower in ATB
compared to those that received early anti ATB treatment. This
emphasizes the possible role of low-level biomarkers in certain
disease states, a fact that is often overlooked, or ignored as a
“negative result” as increased levels in a biosignature are often
expected in diagnostic studies.

Among pregnant women with active tuberculosis,
Ranaivomanana et al.’s find lower IGRA responses, probably
related to the protective reduction in inflammatory immunity
during pregnancy, a finding of relevance to studies in
pregnant women.

Serology tests

Serology has over the years been considered an attractive low
cost option for the detection of ATB, with a number of products on
the market, and used in low income high endemicity countries,
despite most not being validated, or recommended for use in the
general population. However, it is thought that some serological
tests can be used as adjunctive diagnostic tests in HIV-infected
patients with smear-negative PTB or extra-PTB, despite their
current limitations (5). Although serum antibodies to ESAT-6
and CFP-10 were considered an attractive option to differentiate
between LTBI and ATB, a related study performed in high and low
ATB endemic countries, failed to show an ability to differentiate
Mtb infection from PTB (6). Another sero-diagnostic study
combining four MTB antigens ESAT-6, CFP-10, CFP-21, and
MPT-64 did not significantly differentiate PTB from LTBI (7).
However, an antibody study in South Africa shows promise when
used in combination with cytokine markers (8). Recently, a new
promising serological lateral flow assay (LFA) has entered the
market (LIODetect®TB-ST). This POC test detects IgG, IgA and
IgM antibodies against purified recombinant protein antigens PstS1
and PstS3 together with highly purified lipoglycan of Mtb cell wall
in serum, plasma or whole blood within 20 min (9). Intrestingly,
Nziza et al. show a serological multiplex assay including 7 MTB
antigens and 3 novel antibodies that is able to discern LTBI and
ATB across HIV positive and negative populations.

Other potential markers

In a 16-article meta-analysis, the ovarian cancer tumor marker
CA-125 has shown promise for detection of ATB with a pooled
sensitivity of 0.85 (10). This highlights the importance of thinking
outside the box, to identify novel biomarkers and the potential of
usingbiomarkers associated with other disease conditions to
diagnose ATB.
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Future directions

Overall, there has been extensive research towards an ideal test
for immunodiagnosis of ATB. However, there is a need for more
research with innovative approaches. These could include further
studies looking at cell-mediated responses, with various cytokine/
chemokine responses, in different combinations, and the possibility
of combining these with antibody responses. In addition, costs
should be considered by developing tests with the lowest possible
number of biomarkers, as well as considering the availability for
POC assays at a population level.

Other options could include blood transcriptomic signatures and
blood immune-profiling, immune metabolic markers (e.g. endocrine
markers, and pro-inflammatory markers), the use of novel antigens, or
combinations of different antigen stimulation responses. Also, studies
using body samples other than blood, like saliva, sputum, exudative
fluids, bronco alveolar lavage (BAL), breath condensate, urine, and
pleural, ascitic or pericardial fluids, could lead to novel immune
markers for ATB diagnosis(pulmonary and extra pulmonary). In
addition, different diagnostic approaches, such as LFA-POC tests,
and other techniques that are faster and have lower costs, diagnosis
lower cost test need to be further investigated.

References

1. Namuganga AR, Chegou NN, Mubiri P, Walzl G, Mayanja-Kizza H. Suitability of
saliva for tuberculosis diagnosis: comparing with serum. BMC Infect Dis (2017) 17
(1):600. doi: 10.1186/s12879-017-2687-z

2. Chegou NN, Sutherland JS, Malherbe S, Crampin AC, Corstjens PL, Geluk A,
et al. AE-TBC consortium. diagnostic performance of a seven-marker serum protein
biosignature for the diagnosis of active TB disease in African primary healthcare clinic
attendees with signs and symptoms suggestive of TB. Thorax (2016) 71(9):785-94.
doi: 10.1136/thoraxjnl-2015-207999

3. Awoniyi DO, Teuchert A, Sutherland JS, Mayanja-Kizza H, Howe R, Mihret A,

et al. Evaluation of cytokine responses against novel MT antigens as diagnostic markers
for TB disease. ] Infect (2016) 73(3):219-30. doi: 10.1016/j.jinf.2016.04.036

4. Kashyap B, Gupta N, Dewan P, Hyanki P, Singh NP. High sensitivity c reactive
protein: An adjunct diagnosis in ruling out pediatric tuberculosis. Indian ] Clin
Biochem (2020) 35(2):211-7. doi: 10.1007/s12291-018-0806-2

5. Achkar JM, Lawn SD, Moosa M-YS, Wright CA, Kasprowicz VO. Adjunctive
tests for diagnosis of tuberculosis: Serology, ELISPOT for site-specific lymphocytes,
urinary lipoarabinomannan, string test, and fine needle aspiration. J Infect Dis (2011)
204, Issue suppl_4:51130-41. doi: 10.1093/infdis/jir450

Frontiers in Immunology

03

10.3389/fimmu.2023.1092651

Author contributions

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it
for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

6. Achkar JM, Dong Y, Holzman RS, Belisle J, Kourbeti IS, Sherpa T, et al.
Mycobacterium tuberculosis malate synthase- and MPT51-based serodiagnostic
assay as an adjunct to rapid identification of pulmonary tuberculosis. Clin Vaccine
Immunol (2006) 13(11):1291-3. doi: 10.1128/CVL00158-06

7. Hoff ST, Abebe M, Ravn P, Range N, Malenganisho W, Rodriques DS, et al.
Evaluation of mycobacterium tuberculosis specific antibody responses in populations
with different levels of exposure from Tanzania, Ethiopia, Brazil, and Denmark. Clin
Infect Dis (2007) 45(5):575-82. doi: 10.1086/520662

8. Jacobs R, Awoniyi DO, Baumann R, Stanley K, McAnda S, Kaempfer S, et al.
Concurrent evaluation of cytokines improves the accuracy of antibodies against
mycobacterium tuberculosis antigens in the diagnosis of active tuberculosis.
Tubercul. (Edinb). (2022) 133:102169. doi: 10.1016/j.tube.2022.102169

9. LaManna MP, Tamburini B, Orlando V, Badami GD, DiCarlo P, Cascio A, et al.
LIODetect®TB-ST: Evaluation of novel blood test for a rapid diagnosis of active
pulmonary and extra-pulmonary tuberculosis in IGRA confirmed patients. Tubercul.
(Edinb) (2021), 130:102119. doi: 10.1016/j.tube.2021.102119

10. Zhao P, Yu Q, Zhang A, He F, Xu S, Chen L. Serum CA-125 for the diagnosis of
pulmonary tuberculosis: a systematic review and meta-analysis. BMC Infect Dis (2021)
21(1):1091. doi: 10.1186/s12879-021-06772-7

frontiersin.org


https://doi.org/10.1186/s12879-017-2687-z
https://doi.org/10.1136/thoraxjnl-2015-207999
https://doi.org/10.1016/j.jinf.2016.04.036
https://doi.org/10.1007/s12291-018-0806-2
https://doi.org/10.1093/infdis/jir450
https://doi.org/10.1128/CVI.00158-06
https://doi.org/10.1086/520662
https://doi.org/10.1016/j.tube.2022.102169
https://doi.org/10.1016/j.tube.2021.102119
https://doi.org/10.1186/s12879-021-06772-7
https://doi.org/10.3389/fimmu.2023.1092651
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Immuno-diagnosis of active tuberculosis; are we making progress?
	Studies for an Immune marker in active tuberculosis diagnostics
	Serology tests
	Other potential markers
	Future directions
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


