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Background
The diagnosis of paediatric TB traditionally relies on history of contact, clinical presentation, positive 
tuberculin skin test (TST), and chest x-ray (CXR) findings

Problem of sputum collection and testing in children

Culture is the gold standard to diagnose TB, but it has challenges

Challenges with IGRAs

Commencement of empiric treatment by clinicians
 
Problems of monitoring response to treatment using sputum and culture

The detection of host-specific soluble protein biomarkers viz. cytokines and chemokines, has shown 
promise in addressing the challenges of TB diagnosis and monitoring response to treatment (TB) in 
children



Problem statement

This cumulative body of research underscores the potential role of host-
specific cytokines and chemokines as discriminating diagnostic markers in 
the paediatric TB context. 

The impact of HIV co-infection on the biomarker responses has not yet been 
fully elucidated.

Furthermore, although promising results have emerged regarding the role of 
host-specific biomarkers in TB diagnosis, little attention has been focused on 
using these markers for monitoring responses to paediatric anti-tuberculosis 
therapy. 



Objectives

To develop a biosignature profile predictive of active 
MTBRifPLUS (GeneXpert) TB disease in a high burden setting 
in South African children 

Determine a longitudinal biomarker profile at two and six 
months to describe response to anti-tuberculosis treatment. 



Methods 
53 children between 0-14 years of age, with a positive MTBRifPLUS test (designated as children with TB 
disease (CTBD) residing in Umlazi (in the eThekwini Municipality of KwaZulu-Natal province of South 
Africa) and surrounding areas (high TB burden regions)

Children who had already commenced TB treatment at study enrolment were considered as “treatment-
experienced” while those who had not commenced treatment were considered as “treatment-naïve”.

Relevant patient-related demographic data and clinical information were recorded. Study-related 
venous bloods were taken at enrolment for HIV) testing, and for selected biomarkers 
(cytokine/chemokine) testing at baseline, two and six months. 

Sputum smear, culture and drug susceptibility testing were performed at baseline and the results of 
these have been previously reported (Shaik et al, 2022). 

The unstimulated cryopreserved serum from each patient was subsequently assayed using a 
multiplexed bead-based immunoassay (Bio-Plex Pro  Human Cytokine 27-plex Assay) and analysed on 
a BioPlex-200 System (Luminex). 

Eotaxin, FGF-basic, G-CSF, GM-CSF, IFN- γ, IL-1RA, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, 
IL-9, IL-10, IL-12 (p70), IL-13, IL-15, IL-17, IP-10, MCP-1, MIP-1α, MIP-1β, RANTES, TNF-α, 
PDGF and VEGF. 



Results
21 M; 32 F

Age (months) (mean ± SD; range): 77.8 ± 55.3; 4-167

HIV: 28 negative; 19 positive; 6 undetermined

Of the 53 cases five (9.4%) were smear positive and 13 (24.5%) were culture positive.

Sixteen (30.2%) of CTBD had not commenced anti-tuberculosis treatment at enrolment (the treatment-
naïve group) while 37 (69.8%) were on treatment at enrolment. 

The mean (± SD) number of days of the treatment-experienced group at enrolment was 17.6 (± 6.7) with 
a range of 2.0-29.0 days. 

There was a significant association between the treatment and culture status (P < 0.05; chi square test).

Culture-negativity was associated with prior commencement of anti-tuberculosis treatment. 



Results

Cytokine/

Chemokine

Univariable Multivariablea
Multivariableb

RR 95% CI P-value aRR 95% CI P-value aRR 95% CI P-value

Eotaxin 1.193 0.143-9.965 0.871 1.874 0.176-19.938 0.603 6.394 1.220-33.524 0.028

FGF basic 8.150 0.834-9.616 0.071 5.719 0.834-39.218 0.076 15.448 1.840-129.733 0.012

G-CSF 5.355 1.253-22.892 0.024 10.578 2.382-46.984 0.002 18.913 2.521-141.884 0.004

GM-CSF 2.451 1.181-5.084 0.016 2.470 1.213-5.028 0.013 3.610 1.977-6.593 <0.0001

IFN-γ 3.248 1.083-9.738 0.035 5.077 1.087-23.727 0.039 4.604 1.308-16.204 0.017

IL-12(p70) 4.282 0.975-18.802 0.054 3.921 0.893-17.213 0.070 8.181 2.169-30.855 0.002

IL-13 2.481 0.950-6.482 0.064 2.236 0.822-6.085 0.115 2.591 1.190-5.642 0.016

IL-1RA 4.723 1.005-22.206 0.049 9.891 1.425-68.665 0.020 13.836 2.661-71.944 0.002

IL-6 6.992 2.292-21.326 0.001 9.106 2.692-30.805 0.000 16.942 4.055-70.782 0.000

IL-8 2.531 0.762-8.406 0.129 4.141 1.351-12.697 0.013 8.794 2.021-38.274 0.004

IP-10 2.946 1.020-8.509 0.046 4.442 1.601-12.322 0.004 17.492 3.342-91.561 0.001

MCP-1 (MCAF) 1.896 0.516-6.959 0.335 2.013 0.538-7.531 0.299 4.759 1.276-17.750 0.020

TNF-α 4.221 0.934-19.071 0.061 3.984 0.909-17.463 0.067 6.505 1.189-35.584 0.031

Associations between culture status and host-specific biomarker responses at baseline



Results Changes in host-specific biomarker responses during anti-tuberculosis treatment

Significant decline from baseline to six months
IL-2 (P = 0.0048), IL-4 (P = 0.0012), IL-6 (P = 0.0056), IL-7 (P = 0.0398), IL-9 (P = 0.0034), IL-10 (P = 
0.0002), IL-17 (P = 0.0146), and FGF-basic (P = 0.0092)

Significant decline from baseline to two months and six months
IL1-RA [P (2MNTH) = 0.0455, P (6MNTH) = 0.0012]; IL-5 [P (2MNTH) = 0.0302, P (6 MNTH) = 0.0227]; 
IFN-γ [P (2MNTH) = 0.0347, P (6MNTH) = 0.0125]; GM-CSF [P (2MNTH) = 0.0455, P (6MTNH) = 
0.0092]; VEGF [P (2MTNH) = 0.0302, P (6MNTH) = 0.0012].

Significant decline from baseline to two months
MCP-1 (P = 0.0302) 

Significant decline from two months to six months
 IL-13 (P = 0.0107).



Results Responses in treatment naïve vs treatment experienced groups

Significant decline in IL-15 (P = 0.0498) specifically from two to six months 
post-treatment in the naïve group (P = 0.058)

There were no significant changes in the cytokine/chemokine levels in CTBD 
who commenced treatment between two and 14 days.

Significant decline in IL-7 (P = 0.0397), IL-13 (P = 0.0201), IL-15 (P = 0.0187), 
and G-CSF (P = 0.0048) in CTBD who commenced treatment between 15 and 
29 days.  Specifically, the decline was from baseline to six months (IL-7 P = 
0.0526); IL-13 P = 0.0164); IL-15 (P = 0.0172), and G-CSF (P = 0.0034) 



Results HIV-positive subgroup

In HIV positive participants there was a significant decrease in IL-10 (P = 
0.0449), IL12(p70) (P = 0.0175) and IL-13 (P = 0.0081) between baseline and six 
months post treatment. 

Expression of IL1-RA was significantly decreased at both two months (P = 
0.0026) and six months (P = 0.0081) post-treatment. 

IFN-γ was significantly decreased from baseline to two months post treatment 
(P = 0.0560). 

MCP-1 was significantly decreased at two months post-treatment (P = 0.0035), 
in contrast to the significantly increased expression at six months post 
treatment (P = 0.0283).



Interpretation
We describe a biosignature significantly associated with culture positivity (eotaxin, FGF-basic, G-CSF, 
GM-CSF. IFN- γ, IL-12(p70), IL-13, IL-1RA, IL-6, IL-8, IP-10, MCP-1, and TNF- α), three of which have 
not been previously reported in children: eotaxin, G-CSF, and MCP-1. 

The bactericidal activity of anti-tuberculosis treatment is likely to significantly impact the host-specific 
biomarker responses.

In lieu of this, the biomarkers which significantly declined from baseline to two months following 
initiation of TB chemotherapy as “early-stage signals” while those that declined from baseline to six 
months or from two months to six months were considered as “late-stage signals”. 

The following biomarkers were identified as “early-stage signals” viz. IL-5, IL-1RA MCP-1, IFN-γ, GM-
CSF and VEGF while IL-2, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-17, IL-12(p70), IL-13, MCP-1, IL-1RA, IFN-
γ, GM-CSF, VEGF and FGF-basic were classified as “late-stage” signals. It is important to note that most 
of the biomarkers identified as “early-stage signals” were also found in the “late-stage signals” group. 

Therefore, in this study, the “early-stage signals” biomarkers were identified as the most potential 
surrogate markers of response to anti-tuberculosis treatment in children. 



Policy implications

Once the results are validated and supported by other studies, 
including in the clinical context, it is suggested that the 
findings supporting the use of biomarker-based tools into 
national and international paediatric tuberculosis guidelines 
could strengthen diagnostic and monitoring algorithms, 
particularly for high-burden settings where paediatric 
tuberculosis remains underdiagnosed.



Conclusions

This study identified a biosignature profile associated with culture 
positivity in CTBD. 

Additionally, a two-part biosignature associated with an early and late 
response to anti-tuberculosis treatment is reported in CTBD from a high 
burden region in South Africa.

The findings support the view that a profile of several host-specific 
biomarkers (i.e. biosignatures) rather than a single biomarker is more 
likely to be predictive of the treatment response outcomes.

The results of this study should be confirmed in other CTBD cohorts to 
determine the generalizability and clinical usefulness of the identified 
biosignatures. 
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