
PERSPECTIVE
published: 11 February 2019

doi: 10.3389/fped.2019.00027

Frontiers in Pediatrics | www.frontiersin.org 1 February 2019 | Volume 7 | Article 27

Edited by:

Dimitri Van der Linden,

Cliniques Universitaires Saint-Luc,

Belgium

Reviewed by:

Danilo Buonsenso,

Catholic University of Sacred Heart,

Italy

Ben J. Marais,

University of Sydney, Australia

*Correspondence:

Ulrich von Both

Ulrich.von.Both@

med.uni-muenchen.de

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Pediatric Infectious Diseases,

a section of the journal

Frontiers in Pediatrics

Received: 19 September 2018

Accepted: 22 January 2019

Published: 11 February 2019

Citation:

Ahmed MIM, Ziegler C, Held K,

Dubinski I, Ley-Zaporozhan J,

Geldmacher C and von Both U (2019)

The TAM-TB Assay—A Promising TB

Immune-Diagnostic Test With a

Potential for Treatment Monitoring.

Front. Pediatr. 7:27.

doi: 10.3389/fped.2019.00027

The TAM-TB Assay—A Promising TB
Immune-Diagnostic Test With a
Potential for Treatment Monitoring

Mohamed I. M. Ahmed 1,2,3, Christian Ziegler 4, Kathrin Held 1,2, Ilja Dubinski 5,

Julia Ley-Zaporozhan 6, Christof Geldmacher 1,2† and Ulrich von Both 1,5,7*†

1German Center for Infection Research (DZIF), Partner Site Munich, Munich, Germany, 2Department of Tropical Medicine

and Infectious Diseases, University Hospital, Ludwig-Maximilians-University, Munich, Germany, 3CIHLMU Center for

International Health, University of Munich, Munich, Germany, 4Division of Orthopaedics, Ludwig-Maximilians-University,

Munich, Germany, 5Division of Paediatric Infectious Diseases, Dr. von Hauner Children’s Hospital, University Hospital,

Ludwig-Maximilians-University, Munich, Germany, 6Department of Radiology, Paediatric Radiology, University Hospital,

Ludwig-Maximilians-University, Munich, Germany, 7 Section of Paediatric Infectious Diseases and Allergy, Department of

Medicine, Imperial College London, London, United Kingdom

Tuberculosis (TB) epidemiology is changing in Western and Central Europe due to the

rise in immigration and refugees fleeing high-TB-burden areas of war and devastation.

The change in local demography and the lack of sensitive and specific TB diagnostic and

monitoring tools, especially for cases of childhood TB, leads to either missed cases or

over-treatment of this group. Here we present a promising new diagnostic approach, the

T cell activationmarker (TAM)-TB assay, and its performance in a case of extra-pulmonary

TB occurring in a 16 year old refugee from Afghanistan. This assay is based on the

characterization of 3 activation markers (CD38, HLA-DR, and Ki67) and one maturation

marker (CD27) on M. tuberculosis-specific CD4T cells. It was performed at time-points

T0 (10 days), T1 (1 month), T2 (6 months), and T3 (12 months) post-treatment initiation.

All markers were able to detect active tuberculosis (aTB) within this patient at T0 and

reverted to a healthy/LTBI phenotype at the end of treatment. Tantalizingly, there was a

clear trend toward the healthy/LTBI phenotype for the markers at T1 and T2, indicating

a potential role in monitoring anti-TB treatment in the future. This assay may therefore

contribute to improved TB diagnostic algorithms and TB treatment monitoring, potentially

allowing for individualization of TB treatment duration in the future.

Keywords: extra-pulmonary tuberculosis, treatment monitoring, TAM-TB assay, TB diagnostics, pediatric

tuberculosis

INTRODUCTION

Childhood TB, particularly in its extra-pulmonary form, is very challenging to diagnose, let alone
to monitor treatment response (1, 2). Predictive markers that would allow clinicians to differentiate
between ongoing active disease and cure as well as specific correlates for protection are lacking (3).
Thus, there is an urgent need for improved diagnostic tests. Traditional diagnostic tests such as
the Tuberculin Skin Test (TST) or the Interferon Gamma Release Assays (IGRAs) are primarily
detecting Mycobacterium tuberculosis (MTB) infection, however their inability to differentiate
between aTB, LTBI and successfully treated TB makes them an unsatisfactory tool for diagnosis
of active TB. Only two diagnostic methods in use form the current “gold standard,” the liquid
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culture method, and the PCR technique (GeneXpert MTB/RIF R©,
Cepheid) both of which involve the detection of MTB in sputum
or other clinical samples. However, the reliance on sputum
samples makes the liquid culture susceptible to contamination
(4). Furthermore, obtaining sputum samples from pediatric
patients, especially in infants, is difficult. Another, group of
patients where microbiological detection of MTB tends to be
difficult consists of extra-pulmonary cases who do not necessarily
produce sputum containing MTB. In addition to the described
sampling issues the liquid culture method is a long process,
requiring weeks for results to be available, Furthermore, a major
limitation of all currently available diagnostic tools is their
inability to monitor treatment response. Liquid culture methods
require weeks for results to be available, and as treatment
progresses the production of sputum and detection of live
MTB in sputum becomes more difficult (5). The GeneXpert
MTB/RIF R© method, though being a very sensitive method is
hampered by its inability to differentiate between live and dead
bacilli, thus not allowing for evaluating success of treatment
(6). This has led to a presumed overtreatment of a majority
of pulmonary TB patients, shown in previous studies reporting
that at least 80% of pulmonary TB patients had been cured
within 4 month of anti-TB treatment not showing any signs
of relapse within the defined study period (7–9). An optimal
monitoring tool would be rapid and dynamic to allow in vivo
measurement of changes of biomarkers to mirror treatment
progress in each individual patient, this opens the avenue toward
a personalized medicine approach in TB care—particularly in
children and adolescents.

AN EXEMPLARY CASE

A 16 year-old male refugee fromAfghanistan with a self-reported
unremarkable past medical history presented to our tertiary care
hospital complaining of a 3 months history of worsening left-
sided hip pain, while otherwise being clinically well without signs
of fever. Four weeks prior to presenting to our institution he had
been seen in a private surgical practice. An ultrasound of the hip
revealed significant effusion and joint fluid aspirate obtained via
subsequent puncture was sent for conventional bacterial cultures.
The patient was discharged home on ibuprofen; conventional
microbiological culture showed no growth of bacteria. On
presentation to our A&E department he was unable to walk due
to severe left-sided hip pain, while being otherwise clinically
well. His routine bloods showed a mildly raised CRP (26 mg/l),
normal FBC and chemistry. Conventional radiography and a
subsequent MRI scan of the left hip showed blurring of cortical
margins of the femoral head and acetabulum, hyper intensity
of the left hip and acetabulum (oedema of the bone marrow)
and marked joint effusion on the T2 weighted image with fat
suppression as well as synovial thickening and enhancement on
the post-contrast T1 weighted image (Figures 1A–C). A chest
x-ray showed signs of adult-type TB, but the patient did not
display any clinical evidence of active pulmonary tuberculosis
(data not shown). Hence, this result was not followed up by a
CT scan of the chest. In view of the prolonged, non-acute clinical

course, and his background of being born and raised in a TB
high-endemic country (national incidence, including HIV+TB:
189 per 100.000; source: http://www.who.int/tb/country/data/
profiles/en/), work-up for suspected tuberculosis of the hip
was initiated. IGRA testing (QuantiFeronGold R©, Qiagen) was
positive; AFBs were seen on microscopy from joint fluid
aspirate, subsequently confirmed asM. tuberculosis (MTB) using
PCR (GeneXpert MTB/RIF R©, Cepheid) and culture. Since we
were able to diagnose this patient on his joint fluid aspirate
(microscopy results available on the same day), we deliberately
refrained from a synovial biopsy, a more invasive diagnostic
approach, generally recommended to obtain the gold standard
specimen if joint involvement is suspected in tuberculosis.
An HIV test was negative. The patient reported that he had
never received any treatment for TB previously. He was started
on isoniazid, rifampicin, pyrazinamide, and ethambutol for
2 months, followed by an additional 10 months period on
rifampicin and isoniazid. Drug resistance testing showed a fully
sensitive MTB isolate. Treatment was well tolerated and during
the 12 months course, the patient showed continuous clinical
improvement with regular ibuprofen required until month 3
of treatment. During this phase, treatment was supplemented
by pantoprazole. Follow-up clinical visits revealed no signs of
side effects and radiological assessment documented gradual
improvement on MRI imaging but also unavoidable long-term
damage to the left hip joint on conventional x-ray in terms
of severe narrowing of the joint space, osteophytes and severe
deformity of the femoral head was evident (Figures 1D,E).
Though the patient was able to move slowly without support
and almost free of pain from month 9 of anti-tuberculosis
treatment, regaining his full range of movement was impossible
due to extensive destruction of the left hip. Thus, almost 2 years
following TB diagnosis he underwent hip-replacement surgery
and is currently in perfect health having regained full mobility.

TAM-TB ASSAY RESULTS

After obtaining written informed consent from the patient, we
tested a novel, rapid, sputum independent diagnostic approach,
now referred to as the T cell activation marker (TAM)-
TB assay. The TAM-TB assay has been shown to accurately
differentiate between active pulmonary TB (aTB) and latent TB
infection (LTBI) in different age groups by determination of the
phenotypic and functional characteristics of MTB-specific CD4T
cells via flow cytometry (10–12); detection of high frequencies
of activated (CD38+, HLA-DR+, and Ki67+), CD27low effector
memory MTB-specific CD4T cells is indicative of active TB.
Furthermore, results using this approach have been shown
to correlate with disease severity and lung tissue destruction
(13). Sequential blood samples were obtained from the time
of diagnosis (T0, day 10 after treatment initiation), 1 month
(T1), 6 months (T2) post-treatment initiation, and at end of
treatment (12 months, T3) in order to determine expression
levels of the T cell activation markers CD38, HLA-DR, and Ki67
and thematurationmarker CD27 on IFNy+ MTB-specific CD4T
cells. As previously described (14), the assay was performed
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FIGURE 1 | Initial X-ray of the left hip showed blurring of the cortical margins of the femoral head and acetabulum, slight demineralization, and a bulging fat pad

surrounding the hip suggesting a joint effusion (A). On the initial MRI scans there was a hyper intensity of the left hip and acetabulum (=oedema of the bone marrow)

as well as marked joint effusion on the T2 weighted image with fat suppression (B), synovial thickening and enhancement on the post-contrast T1 weighted image

with fat suppression (C). These MRI findings were receding following 13 months of anti-TB treatment (T2 weighted image with fat suppression, D) on the one hand,

but on the other hand a severe narrowing of the joint space, osteophytes and severe deformity of the femoral head became present. These findings of secondary

osteoarthrosis were also demonstrated on the follow-up X-ray few months later (E).

by stimulation of PBMCs with ESAT-6/CFP-10, PPD, and
Staphylococcal enterotoxin B (SEB), as a positive control, or
no added peptide, as a negative control. PBMCs were surface
stained with anti-CD4, anti-CD38, anti-CD27, and anti-HLA-
DR, fixed and permeabilized, then stained intracellularly with
anti-CD3, anti-IFNy, and anti-Ki67. Data from subjects with
active pulmonary TB and LTBI from our previous study to define

the cut-offs for each marker to differentiate aTB and LTBI were
used (14). Remarkably, at T0 all four markers assessed in the
TAM-TB assay classified our patient as aTB, while at T3 they
showed a similar phenotype to the healthy IGRA+ group of
patients, confirming its potential use in the diagnosis of extra-
pulmonary TB (Figure 2). For ESAT-6/CFP-10 stimulated cells,
the frequency of activated MTB-specific CD4T cells expressing
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FIGURE 2 | Marker expression on MTB-specific CD4T cells. Values are provided at the start, during and at the end of treatment. Frequency of ESAT-6/CFP-10

stimulated MTB-specific CD4T cells expressing the markers CD38 (A), CD27 (B), HLA-DR (C), Ki67 (D), and PPD stimulated MTB-specific CD4T cells expressing

CD38 (E), CD27 (F), HLA-DR (G), Ki67 (H) are displayed as red dots at 10 days (T0), 1 month (T1), 6 months (T2), and 12 months (T3) after TB treatment initiation;

data from subjects with acute pulmonary tuberculosis and healthy/latent TB infection were included as reference (box and whisker plots). Red area represents the

region considered to show an active TB profile with cut-offs based on ROC analysis; ROC cut-off values for ESAT-6/CFP-10, CD38 = 44.9, CD27 = 22.1, HLA-DR =

33.15, Ki67 = 2.43 and for PPD, CD38 = 31.55, CD27 = 18.35, HLA-DR = 35.7, Ki67 = 3.67 (14).

CD38 and HLA-DR declined rapidly within the first month
after treatment initiation from 51.4% at T0 to 24.3% at T1 and
from 49 to 31.6%, respectively (Figures 2A,C). Unlike the other

two markers (CD27 and Ki67), these markers seem to have
provided an LTBI phenotype within a short period (1 month).
The frequency of MTB-specific CD4T cells expressing the cell
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cycle marker Ki67 showed a gradual decrease and was still
within the range observed for aTB at T2 post-treatment, but
eventually indicated “LTBI or cure” at the end of treatment (T3)
(Figure 2D). A substantial increase in the frequency of CD27+

MTB-specific CD4T cells was only observed between T2 and
T3 (Figure 2D). It is particularly noteworthy that at the end
of treatment (T3), the patient showed a TAM-TB assay profile
consistent with “LTBI or cure” for all four markers. Unlike the
ESAT-6/CFP-10 stimulated cells, the frequency of activated PPD
stimulated MTB-specific CD4T cells expressing the activation
markers showed the strongest percentage decline between T2
and T3 (Figures 2E–H). Two of the markers (CD27 and CD38)
seem to show a borderline LTBI phenotype at T2, with all the
markers indicating an “LTBI or cure” at the end of treatment (T3)
(Figures 2E–H).

Future studies will be needed to determine whether TAM-TB
assay results could have guided earlier discontinuation of anti-
TB therapy in patients before the defined 12 months period. Of
note, an additional TAM-TB result obtained from the patient 2
months after discontinuation of anti-TB treatment (14M) was
still consistent with “LTBI or cure” (data not shown).

DISCUSSION/CONCLUSION

Central and Western Europe, Germany in particular, has seen
an increase in TB incidence rate in recent years changing
from 5.2/100.000 (2012) to 7.2/100.000 (2015) (15). This change
in epidemiology has primarily been attributed to an increase
in migration activity from low/intermediate-income, high TB
burden settings as a consequence of people fleeing areas of war
and devastation. Reactivation of latent tuberculosis infection
(LTBI) in the high-income, low TB burden countries has thus
become a challenge for clinicians both in adult and pediatric
care (16). The adolescent case described in this report is a
perfect example of how wildly adapted national diagnostics and
treatment guidelines are often limited in the way they are tailored
to the local population. Almost any youth of German descent
presenting with a painful left hip would have most likely been
diagnosed and treated sufficiently according to those guidelines.
But pediatric or adolescent tuberculosis, especially in its extra-
pulmonary form, is such a rare event in the German setting, that
this differential diagnosis was missed initially. It is important
to highlight the changes in TB epidemiology and to be aware
of TB in patients having moved to central Europe from high
TB burden settings. Although a good outcome was achieved
following hip replacement, this still remains a problematic long-
term solution in someone who is 16 years of age and will
inevitably be requiring additional revision-interventions in the
future. This again underscores the importance of early accurate
diagnosis and treatment.

With this perspective we aim to highlight that the TAM-TB
assay is a promising new tool with great potential to improve
TB diagnostics, particularly in difficult-to-diagnose cases of
extra-pulmonary TB or children and adolescents in whom
conventional tests are frequently unsuccessful. Immunological
biomarkers have already demonstrated to be very promising to

indirectly diagnose TB; and they are highly likely to play an
even more prominent role in TB diagnostics in the years and
decades to come (3, 17, 18). Several studies have shown the
benefit of using flow cytometric techniques to distinguish aTB
from LTBI, the earliest reporting the CD27 marker (19). This was
followed by a plethora of markers such as HLA-DR, CD38, Ki67,
or caspase-3 (12, 20). Other methods using cytokine secretion
in whole blood may allow diagnosis of aTB (21), however these
methods do not seem to be reliable in monitoring TB treatment
(22). Another approachmakes use of whole blood transcriptional
profiling to identify diagnostic RNA signatures for aTB and
LTBI, respectively (2, 23, 24). These studies are extremely
interesting and yielded very promising results. However, they
have not been shown to be of use for treatment monitoring.
Furthermore, until the respective diagnostic signatures have been
transformed into a simpler diagnostic test that could be used
in daily routine, their use appears impractical due to the highly
sophisticated resources required (i.e., running microarrays or
RNA sequencing).

Sali et al. was able to show that combined use of the
QuantiFeronGold R© with a heparin-binding hemagglutinin
antigen (HBHA)-based IGRA helped to differentiate
Quantiferon-positive children with LTBI from those with aTB
(25). While further validation on larger cohorts of MTB-infected
children will be necessary to describe the potential of this method
for treatment monitoring, issues in identifying asymptomatic
children with aTB appears to be its main disadvantage.

In flow cytometry-based assays it has been noted that while
CD38, HLA-DR, and Ki67 appeared to be useful markers
for monitoring of treatment response in a pulmonary TB
cohort; CD27 was a marker that converts rather slowly
to its “healthy” state (12, 19). Our assay was successful
in diagnosing this case of active extra-pulmonary TB and
showed an accurate treatment response at the end of the
12 months treatment period by indicating a “healthy/LTBI”
state reflected in respective expression values for all four
markers. In addition, all markers (with the exception of HLA-
DR in the PPD stimulation assay) did indicate a dynamic
trend toward the desired treatment outcome. Whether and
how such TAM-TB results during anti-TB treatment could
potentially inform decisions on treatment discontinuation in
individual patients in the future remains to be evaluated in
larger cohorts. Since our patient was 16 years of age and because
adolescent children essentially behave like adults, this promising
test will also have immediate relevance to adults with extra-
pulmonary TB.

However, the TAM-TB assay remains an expensive technique
requiring specialized equipment and trained personnel to
operate, thus its use as a point of care test (POCT, on-site)
technique is currently not feasible. However, several studies have
shown that flow-cytometry-based assays can be further simplified
by using whole blood rather than PBMC, thus reducing the
blood volume required and, in consequence, making them more
feasible to use, especially in infants and younger children (26, 27)

Nevertheless, our results provide a first important proof-
of-concept that the TAM-TB assay might also be a useful
and powerful tool to monitor clinical response to treatment
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in cases of extra-pulmonary TB. Though the results of this
case look promising, they only represent the treatment course
of a single patient and one needs to be aware that the
respective values of the four TAM-TB markers were referenced
to cut-off values obtained from a pulmonary TB cohort. It
is likely that since extra-pulmonary TB is a different clinical
entity than the pulmonary form of TB, adjusted cut-offs may
be required for extra-pulmonary TB cases to allow more
accurate interpretation of the results. We do not propose
using the TAM-TB assay as a new stand-alone technique
for diagnosing tuberculosis, but instead we rather suggest to
develop a diagnostic algorithm involving all currently available
tools in order to be able to eventually tailor TB treatment
duration for individual patients. Still, we are confident that
this new assay holds a great potential for the challenging
area of TB care and larger prospective clinical trials are
currently underway to further validate its performance in
the field.

AUTHOR CONTRIBUTIONS

MA, UvB, and CG designed and conducted the diagnostic work-
up. MA and UvB wrote the manuscript. ID, CZ, and UvB took
clinical care of the patient and collected TAM TB samples. MA,
KH, and CG ran and analyzed TAM TB assay. JL-Z reported on
imaging results and created respective figure for image display.

FUNDING

This work was supported by the German Center for Infection
Research (DZIF).

ACKNOWLEDGMENTS

Written informed consent for conducting TAM TB assay,
publication of this article, and respective radiographs has been
obtained from the patient.

REFERENCES

1. Marais BJ. Childhood tuberculosis: epidemiology and natural history of

disease. Indian J Pediatr. (2011) 78:321–7. doi: 10.1007/s12098-010-0353-1

2. Anderson ST, Kaforou M, Brent AJ, Wright VJ, Banwell CM, Chagaluka G,

et al. Diagnosis of childhood tuberculosis and host RNA expression in Africa.

N Engl J Med. (2014) 370:1712–23. doi: 10.1056/NEJMoa1303657

3. von Both U, Kaforou M, Levin M, Newton SM. Understanding immune

protection against tuberculosis using RNA expression profiling. Vaccine

(2015) 33:5289–93. doi: 10.1016/j.vaccine.2015.05.025

4. Sloan DJ, Corbett EL, Butterworth AE, Mwandumba HC, Khoo SH, Mdolo

A, et al. Optimizing outpatient serial sputum colony counting for studies

of tuberculosis treatment in resource-poor settings. J Clin Microbiol. (2012)

50:2315–20. doi: 10.1128/JCM.00043-12

5. Horne DJ, Royce SE, Gooze L, Narita M, Hopewell PC, Nahid P, et al.

Sputum monitoring during tuberculosis treatment for predicting outcome:

systematic review and meta-analysis. Lancet Infect Dis. (2010) 10:387–94.

doi: 10.1016/S1473-3099(10)70071-2

6. Friedrich SO, Rachow A, Saathoff E, Singh K, Mangu CD, Dawson R, et al.

Assessment of the sensitivity and specificity of Xpert MTB/RIF assay as an

early sputum biomarker of response to tuberculosis treatment. Lancet Respir

Med. (2013) 1:462–70. doi: 10.1016/S2213-2600(13)70119-X

7. Merle CS, Fielding K, Sow OB, Gninafon M, Lo MB, Mthiyane T, et al. A

four-month gatifloxacin-containing regimen for treating tuberculosis. N Engl

J Med. (2014) 371:1588–98. doi: 10.1056/NEJMoa1315817

8. Jindani A, Harrison TS, Nunn AJ, Phillips PP, Churchyard GJ, Charalambous

S, et al. High-dose rifapentine with moxifloxacin for pulmonary tuberculosis.

N Engl J Med. (2014) 371:1599–608. doi: 10.1056/NEJMoa1314210

9. Gillespie SH, Crook AM, McHugh TD, Mendel CM, Meredith

SK, Murray SR, et al. Four-month moxifloxacin-based regimens

for drug-sensitive tuberculosis. N Engl J Med. (2014) 371:1577–87.

doi: 10.1056/NEJMoa1407426

10. Portevin D, Moukambi F, Clowes P, Bauer A, Chachage M, Ntinginya

NE, et al. Assessment of the novel T-cell activation marker-

tuberculosis assay for diagnosis of active tuberculosis in children: a

prospective proof-of-concept study. Lancet Infect Dis. (2014) 14:931–8.

doi: 10.1016/S1473-3099(14)70884-9

11. Rachow A, Heinrich N, Geldmacher C. Early identification of progressive

TB disease using host biomarkers. EBioMedicine (2015) 2:107–8.

doi: 10.1016/j.ebiom.2015.01.009

12. Adekambi T, Ibegbu CC, Cagle S, Kalokhe AS, Wang YF, Hu Y, et al.

Biomarkers on patient T cells diagnose active tuberculosis and monitor

treatment response. J Clin Invest. (2015) 125:1827–38. doi: 10.1172/JCI77990

13. Nikitina IY, Kondratuk NA, Kosmiadi GA, Amansahedov RB, Vasilyeva IA,

GanusovVV, et al. Mtb-specific CD27lowCD4T cells asmarkers of lung tissue

destruction during pulmonary tuberculosis in humans. PLoS ONE (2012)

7:e43733. doi: 10.1371/journal.pone.0043733

14. Ahmed MIM, Ntinginya NE, Kibiki G, Mtafya BA, Semvua H, Mpagama

S, et al. Phenotypic changes on mycobacterium tuberculosis-specific CD4T

cells as surrogate markers for tuberculosis treatment efficacy. Front Immunol.

(2018) 9:2247. doi: 10.3389/fimmu.2018.02247

15. Institute RK. Bericht zur Epidemiologie der Tuberkulose in Deutschland für

(2016) 2016.

16. Pareek M, Greenaway C, Noori T, Munoz J, Zenner D. The impact

of migration on tuberculosis epidemiology and control in high-income

countries: a review. BMCMed. (2016) 14:48. doi: 10.1186/s12916-016-0595-5

17. Wallis RS, Kim P, Cole S, Hanna D, Andrade BB, Maeurer M, et al.

Tuberculosis biomarkers discovery: developments, needs, and challenges.

Lancet Infect Dis. (2013) 13:362–72. doi: 10.1016/S1473-3099(13)70034-3

18. Walzl G, Ronacher K, Hanekom W, Scriba TJ, Zumla A. Immunological

biomarkers of tuberculosis. Nat Rev Immunol. (2011) 11:343–54.

doi: 10.1038/nri2960

19. Streitz M, Tesfa L, Yildirim V, Yahyazadeh A, Ulrichs T, Lenkei R, et al. Loss of

receptor on tuberculin-reactive T-cells marks active pulmonary tuberculosis.

PLoS ONE (2007) 2:e735. doi: 10.1371/journal.pone.0000735

20. Adekambi T, Ibegbu CC, Cagle S, Ray SM, Rengarajan J. High frequencies

of caspase-3 expressing mycobacterium tuberculosis-specific CD4(+) T cells

are associated with active tuberculosis. Front Immunol. (2018) 9:1481.

doi: 10.3389/fimmu.2018.01481

21. Sun Q, Wei W, Sha W. Potential role for mycobacterium tuberculosis specific

IL-2 and IFN-gamma responses in discriminating between latent infection

and active disease after long-term stimulation. PLoS ONE (2016) 11:e0166501.

doi: 10.1371/journal.pone.0166501

22. Leem AY, Song JH, Lee EH, Lee H, Sim B, Kim SY, et al. Changes

in cytokine responses to TB antigens ESAT-6, CFP-10 and TB 7.7 and

inflammatory markers in peripheral blood during therapy. Sci Rep. (2018)

8:1159. doi: 10.1038/s41598-018-19523-7

23. Bloom CI, Graham CM, Berry MP, Wilkinson KA, Oni T, Rozakeas

F, et al. Detectable changes in the blood transcriptome are present

after two weeks of antituberculosis therapy. PLoS ONE (2012) 7:e46191.

doi: 10.1371/journal.pone.0046191

24. Zak DE, Penn-Nicholson A, Scriba TJ, Thompson E, Suliman S, Amon LM,

et al. A blood RNA signature for tuberculosis disease risk: a prospective cohort

study. Lancet (2016) 387:2312–22. doi: 10.1016/S0140-6736(15)01316-1

25. Sali M, Buonsenso D, D’Alfonso P, De Maio F, Ceccarelli M, Battah B, et al.

Combined use of Quantiferon and HBHA-based IGRA supports tuberculosis

Frontiers in Pediatrics | www.frontiersin.org 6 February 2019 | Volume 7 | Article 27

https://doi.org/10.1007/s12098-010-0353-1
https://doi.org/10.1056/NEJMoa1303657
https://doi.org/10.1016/j.vaccine.2015.05.025
https://doi.org/10.1128/JCM.00043-12
https://doi.org/10.1016/S1473-3099(10)70071-2
https://doi.org/10.1016/S2213-2600(13)70119-X
https://doi.org/10.1056/NEJMoa1315817
https://doi.org/10.1056/NEJMoa1314210
https://doi.org/10.1056/NEJMoa1407426
https://doi.org/10.1016/S1473-3099(14)70884-9
https://doi.org/10.1016/j.ebiom.2015.01.009
https://doi.org/10.1172/JCI77990
https://doi.org/10.1371/journal.pone.0043733
https://doi.org/10.3389/fimmu.2018.02247
https://doi.org/10.1186/s12916-016-0595-5
https://doi.org/10.1016/S1473-3099(13)70034-3
https://doi.org/10.1038/nri2960
https://doi.org/10.1371/journal.pone.0000735
https://doi.org/10.3389/fimmu.2018.01481
https://doi.org/10.1371/journal.pone.0166501
https://doi.org/10.1038/s41598-018-19523-7
https://doi.org/10.1371/journal.pone.0046191
https://doi.org/10.1016/S0140-6736(15)01316-1
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Ahmed et al. TAM-TB Treatment Monitoring in Hip TB

diagnosis and therapy management in children. J Infect. (2018) 77:526–33.

doi: 10.1016/j.jinf.2018.09.011

26. Schuetz A, Haule A, Reither K, Ngwenyama N, Rachow A,

Meyerhans A, et al. Monitoring CD27 expression to evaluate

Mycobacterium tuberculosis activity in HIV-1 infected individuals

in vivo. PLoS ONE (2011) 6:e27284. doi: 10.1371/journal.pone.00

27284

27. Musvosvi M, Duffy D, Filander E, Africa H, Mabwe S, Jaxa L, et al. T-

cell biomarkers for diagnosis of tuberculosis: candidate evaluation by a

simple whole blood assay for clinical translation. Eur Respir J. (2018) 51:3.

doi: 10.1183/13993003.00153-2018

Conflict of Interest Statement: 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.

Copyright © 2019 Ahmed, Ziegler, Held, Dubinski, Ley-Zaporozhan, Geldmacher

and von Both. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 7 February 2019 | Volume 7 | Article 27

https://doi.org/10.1016/j.jinf.2018.09.011
https://doi.org/10.1371/journal.pone.0027284
https://doi.org/10.1183/13993003.00153-2018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	The TAM-TB Assay—A Promising TB Immune-Diagnostic Test With a Potential for Treatment Monitoring
	Introduction
	An Exemplary Case
	TAM-TB Assay Results
	Discussion/Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


