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Immune Biomarker Combinations for Diagnosis Monitoring 
of Latent Tuberculosis Infection

Abstract

Objective: Global Tuberculosis (TB) eradication efforts must 
also focus on detecting and treating cases of Latent TB Infection 
(LTBI); persons with LTBI can progress to active TB at any time, of-
ten many years or even decades after the initial infection, thereby 
serving as a source of new infections.

Methods: The aim was evaluated the diagnostic accuracy of the 
combination of serological host biomarkers that may support the 
differentiation between LTBI and Non-Infected (NI) individuals. A 
total of 182 adult Warao Amerindians were included; cases with 
LTBI (n=103) and Non-Infected (NI) individuals (n=79). The Real-
time quantitative PCR (qPCR) was performed on all peripheral blood 
samples from Warao Amerindians and analyzed transcriptional 
immune biomarkers (i.e., IFN-γ, CD14, MMP-9, CCR5, CCL11, CXCL9/
MIG, and uPAR/PLAUR proteins) under stimulation condition with 
ESAT-6, CFP10, and TB7.7 Mycobacterium Tuberculosis (Mtb)-
antigens. Additionally, Enzyme-Linked Immunosorbent Assays 
(ELISA) were performed for evaluating host biomarker anti-
synthetic peptides (5 ESAT-6 and 17 Ag85A synthetic peptides) 
covering Mtb antigen sequences. 

Results: The approach’s diagnostic information was compared 
using Receiver Operating Characteristic (ROC) curves. The ROC 
analysis revealed high biosignature discriminative ability for the 
relative gene expression of MMP-9 high levels (AUC=0.799 ± 0.071: 
0.640 - 0.917, 95% CI), p < 0.002) between LTBI and NI; addition-
ally IgG anti-synthetic peptide; ESAT-6 P-12037 (AUC=0.640; 0.545-
0.735 95% CI, p<0.007) allowed differentiation between LTBI and 
NI or healthy ones. 

Conclusion: The accuracy of the MMP-9/IgG anti-P-12037 com-
bination could have a high discriminative ability for diagnosing 
LTBI; such an approach holds promise for further validation.
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Introduction

Tuberculosis (TB) is one of the top 10 causes of death world-
wide [1]. The World Health Organization (WHO) report 2021 
stated that reduced access to Active TB (ATB) diagnosis and 
treatment has resulted in an increase in TB deaths [1]. One third 
of the world’s population is latently infected with Mycobacte-
rium Tuberculosis (Mtb) or Latent TB Infection (LTBI) and up to 
10% of infected individuals develop active TB in their lifetime 
[2,3]. In Amerindian population (indigenous) tend to have much 
higher rates of TB in comparison with the general (non-indige-
nous) population [4]. Recently, it has been reported that in the 
admixed population of the Brazilian Amazon region; Amerindi-
an ancestry in the 20–60% range was found to be the principal 
risk factor for increased susceptibility to TB [5]. 

Actually, the incidence of ATB by Mtb in Venezuela is 
increasing; [1] between 2014 and 2019 there was a rebound 
in cases (Creole or non-indigenous and indigenous individuals) 
that raised the rate to 39 per 100,000 inhabitants (39/100,000); 
the indigenous people (5.6%) being the most affected; so 
registering an abrupt increase in incidence in the last five 
years, going to exceed the levels reported three decades ago 
[1]. The National Integrated TB Control Program of Venezuela 
records the variables “indigenous” and “ethnicity” among 
the patient data; this has allowed the program to know 
the detailed statistics of the cases registered in indigenous 
patients. The Warao indigenous population is the second most 
important ethnic of the country with 48.771 inhabitants (6.7% 
of indigenous people), they mainly live in wooden houses 
raised on stilts along the Orinoco river’s banks (Delta’s rural 
areas). Data from the Coordination of the Regional Tuberculosis 
Control Program of the Delta Amacuro state reported that the 
incidence in the Warao population is 13 times higher than in 
the non-indigenous population and 19 times higher than the 
national rate [6-9]. Among the main factors that maintain the TB 
endemic are poverty, social inequality and inequity, migration, 
the impact of the HIV pandemic, and the lack of operational 
capacity for the detection of LTBI and ATB cases [10-12].

There are no diagnostic gold standards for LTBI, and all exist-
ing tests for LTBI are indirect approaches that provide immu-
nological evidence of host sensitization to TB antigens [13,14]. 
Two tests currently used to diagnose LTBI, which are the Tuber-
culin Skin Test (TST) and the blood Interferon Gamma Release 
Assay (IGRA´s), both of which do not distinguish between ATB 
and LTBI. Positive response to IGRAs otherwise seem to confer 
only a small risk of reactivation (10–20 per 1000 person-years), 
which is similar to that of a positive TST [14]; however, the search 
for diagnostic and prognostic elements for LTBI continues. Clini-
cal TB manifestations are closely related to the host immune re-
sponse against Mtb. In individuals with different stages of Mtb 
infections, IgG antibody responses to Mtb antigens like ESAT-6 
and Ag85 are frequently detected [15]. Additionally, biomarkers 
of innate and (Th1-) cell-mediated immunity are also observed 
[13,14]. Thus detection of multiple biomarkers non specific and 
specific for humoral as well as cellular immunity is necessary. 
Recently, we identified host biomarkers associated with LTBI 
in M. tuberculosis antigen-stimulated whole blood assays and 
IgG antibody serum from a TB endemic population in Delta’s 
Orinoco. A host biomarker signature of IgG anti-P-12037, MMP-
9, CCR5 and CCL11 was identified; high IgG anti-P-12037 and 
MMP-9 and low CCR5 and CCL11 levels, relative to controls, 
were associated with LTBI [15,16]. 

Biomarkers are urgently needed to indicate progression from 

latent infection to clinical disease, to predict the risk of reacti-
vation after cure, and to provide accurate end points for drug 
and vaccine trials [17-24]. Forty-eight analytes were evaluated 
by Luminex Assay in plasma obtained from whole blood stimu-
lated cells. ROC curve analysis revealed that the combinations 
of 7 biomarkers resulted in the accurate prediction of 88.89% of 
ATB patients, 82.35% of subjects with LTBI and 90% of non-TB 
individuals [25]. These studies highlighted the importance of as-
sessing multiple biomarkers for providing better understanding 
of protective biomarker profiles associated with resolution of 
clinical and subclinical infections in TB. The research proposal 
was evaluated the diagnostic accuracy of the combination of 
serological host biomarkers for identifying LTBI among Warao 
Amerindian communities, which would improve early diagnosis 
and allow a focus on detecting and treating cases of LTBI for 
improving TB control in Venezuela.

Methods

Study Population

A transversal study was carried out among individuals of 
both sexes from the Warao indigenous communities. A total of 
182 adult Warao indigenous were included; cases with latent 
TB infection or LTBI (n=103) and non-infected (NI) individuals 
(n=79). The group of Warao indigenous in contact with active TB 
patients and the Tuberculin Skin Test (TST) positive, according 
to the WHO and the National Tuberculosis Control Program 
of Venezuela indigenous positive having ≥10 mm indurations 
were classified as LTBI; NI indigenous were also subjected 
to TST. Peripheral blood samples from both groups were 
drawn for QuantiFERON–TB Gold In-Tube (QFT-IT) testing 
(Commercial test QuantiFERON–TB Gold In-Tube, Cellestis, 
Victoria, Australia). Inclusion criteria took into account the 
recommendation previously reported [16]. 

Ethical Approval and Consent to Participate 

This study was approved by the Institute of Biomedicine Cen-
tral University of Venezuela Research Ethics Committee (proto-
col number FONACIT-2013002319/2013). All participating indi-
viduals signed voluntary informed consent forms.

Clinical Features, Microscopy, the Tuberculin Skin Test and 
Chest Radiograph

Individuals who had evidence of clinical symptoms suggest-
ing pulmonary TB infection were excluded after having been 
diagnosed as having pulmonary TB using at least one of the fol-
lowing previously applied criteria published [16,26-28]. Individ-
uals who had been prescribed immunosuppressive drugs (i.e., 
corticosteroids, azathioprine, and cyclophosphamide) were also 
excluded, as were participants who did not sign an informed 
consent agreement.

Isolated Blood Cells and Gene Biomarker Amplifications

Blood samples under non-stimulation conditions and stimu-
lation conditions with M. tuberculosis antigens, Early Secretory 
Antigenic Target-6 (ESAT-6), Culture Filtrate Protein-10 (CFP10), 
and TB antigen 7.7 (TB7.7) were studied. A real-time reverse 
transcription polymerase chain reaction (RT-qPCR) assay was 
performed as previously reported [16]. 

Synthetic Peptides and Serological Assays

The solid-phase multiple peptide system was used for synthe-
sising 22 peptides based on M. tuberculosis ESAT-6 and Ag85A 
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amino acid (aa) sequences as previously reported [29,30]. The 
IgG levels against ESAT-6 and Ag85A peptides were determined 
in serum by ELISA assay as previously reported [15].

Statistical Analysis

Receiver Operating Characteristic (ROC) curves analysis, Stu-
dent’s t-test, Fisher’s exact test, Mann Whitney test, Kruskal-
Wallis and Dunn’s multiple comparison tests were performed 
as previously reported [15,16].  A scattergram was plotted using 
GraphPad Prism software version 5.02 (Trial version, GraphPad-
Sofware, Inc., San Diego, USA). Statistically significant differenc-
es were those having a ≤0.05 p-value. 

Results

The baseline characteristics of the participants are summa-
rized in (Table 1). The TST+ status was significantly different be-
tween LTBI (78.0%) and NI (0.0%) groups, p< 0.0001; also for 
QuantiFERON–TB Gold In-Tube (QFT-IT) between LTBI (QFT-IT 
positive, 22.0%) and NI (QFT-IT negative, 0.0%) groups, p<0.001 
(Table 1), and for CXRs, it was significantly different between 
LTBI (100.0%) and NI (0.0%) groups, p<0.0001 (Table 1).

Figure 1 shows the Optical Density (OD) distribution for 
the three best IgG anti-peptides between Warao indigenous 
LTBI and NI individuals; the IgG reactivity against the peptide 
is shown as values of the mean ± standard deviation (X ± 
SD). Mann Whitney test was used for comparing isotype 
reactivity differences between LTBI and NI groups. The LTBI’s 
IgG reactivity was high against 2 Ag85A peptides; P-10997 
(0.538 ± 0.358) and P-11006 (0.493 ± 0.251) as compared with 
NI individuals (0.501 ± 0.327) (Figure 1B) and (0.461 ± 0.261) 
(Figure 1C), respectively; however, was no found significant 
difference. A significant difference was only found between 
LTBI (0.616 ± 0.244) and NI (0.512 ± 0.229) p<0.001 (Figure 1A) 
against M. tuberculosis ESAT-6 P-12037 amino acid (76-95 aa; 
ISEAGQAMASTEGNVTGMFA), (Figure 2), and ATB against M. 
tuberculosis ESAT-6 P-12035 amino acid (data not shown)  (41-
60 aa; AAWGGSGSEAYQGVQQKWDA), (Figure 2).

The approach’s diagnostic information was compared using 
Receiver Operating Characteristic (ROC) curves. The ROC analy-
sis revealed good biosignature discriminative ability for serolog-
ical biomarker IgG anti-P-12037 performed between LTBI and 
NI (AUC=0.640 ± 0.048: 0.545 - 0.735 95% CI), p<0.007 (Figure 
1D); anti-P-12037 had 98.8% of sensitivity and 98.0% of speci-
ficity; the optimum cutoffs obtained for ESAT-6 P-12037 were; 
>0.171 and >1.428, respectively; while that the ROC analysis did 
not show good biosignature discriminative ability for serological 
biomarker for anti-P-10997 (Figure 1E), and anti-P-11006 (Fig-
ure 1F).

Figure 3 shows the approach’s diagnostic information for the 
relative gene expression of high (Figure 3A) and low (Figure 3B) 
levels of transcriptional serological immune biomarkers; such 
as interferon gamma (IFN-γ), the soluble phosphatidylinositol-
linked membrane glycoprotein (sCD14), Matrix Metalloprotein-
ases (MMP-9), CC receptor 5 (CCR5), and CC chemokine eotaxin 
(CCL11). ROC curve revealed good biosignature discriminative 
ability for the relative gene expression with high levels of MMP-
9 performed between LTBI and NI (AUC=0.799 ± 0.071: 0.640-
0.917, 95% CI), p<0.002), (Figure 3A); MMP-9 had 73.3% of sen-
sitivity and 70.8% of specificity; the optimum cutoff obtained 

for MMP-9 was >0.880; the latter differentiated LTBI states from 
NI. Additionally, the relative gene expression low levels of CCL11 
(AUC=0.277 ± 0.081: 0.020 - 0.119, 95% CI, p<0.02), (Figure 3A) 
and CCR5 (AUC=0.235 ± 0.072: 0.094 - 0.375, 95% CI, p<0.003), 
(Figure 3A) showed low sensitivity and specificity; while that 
the ROC analysis did not show adequate biosignature discrimi-
native abilities for these serological biomarker (Figure 3A).

Considering revealed good biosignature discriminative abil-
ity for the relative gene expression with low levels of CCR5 per-
formed between LTBI and NI (AUC=0.751 ± 0.079: 0.597 - 0.906, 
95% CI), p<0.009) (Figure 3B), CCR5 had 80.0% of sensitivity and 
62.5% of specificity; the optimum cutoff obtained for CCR5 was 
>0.667; low levels of CCR5 differentiated LTBI states from NI; 
additionally, the relative gene expression low levels of CCL11 
(AUC=0.740 ± 0.080: 0.583 - 0.897, 95% CI, p<0.01) (Figure 3B), 
had 67.0% of sensitivity and 70.8% of specificity; the optimum 
cutoff obtained for CCRL11 was >0.500; low levels of CCL11 dif-
ferentiated LTBI states from NI, and MMP-9 showed lower both 
sensitivity and specificity (AUC=0.219 ± 0.078: 0.066 - 0.373, 
95% CI, p<0.004), (Figure 3B).

Figure 1: The IgG reactivity distribution against M. tuberculosis 
synthetic peptides and Receiver Operating Characteristic (ROC) 
curve analysis. The Opti cal density (OD) value distributi on con-Optical density (OD) value distribution con-
cerning antibody reactivities between Warao Amerindians with 
Latent Tuberculosis Infection (LTBI,  ) and Non Infection (NI,  
) or healthy individuals. OD of the anti IgG: P-12037 (A), P-10997 
(B) and P-11006 (C). **P< 0.007.ROC curve analysis was used to 
evaluate the discriminating power of IgG anti-synthetic peptides 
between Latent Tuberculosis Infection (LTBI) and non-infected (NI); 
P-12037 (D), P-10997 (E), P-11006 (F). Area Under the Curve (AUC), 
95% confidence interval (95% CI) and p value< 0.05.
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Figure 2: Amino acid (aa) sequence of synthetic peptide. Amino 
acid (aa) sequence of synthetic non-overlapping peptides spanning 
the sequence of ESAT-6 protein (P-12037 peptide). Protein Data-
bank (PDB), (https://www.rcsb.org/structure/1WA8). 

 
 
Figure 3: Receiver operating characteristic analysis of the mRNA 
expression levels. The ROC curve analysis was used to evaluate the 
discriminating power of serological host biomarkers between La-
tent Tuberculosis Infection (LTBI) and Non-Infected (NI); A) The ROC 
data for considering the highest values as positive. B) The ROC data 
were obtained considering the smallest values as positive. Area Un-
der the Curve (AUC), 95% confidence interval (95%CI) and p value 
< 0.05.

Table 1: Demographic and clinical information of the Warao indigenous 
enrolled in the study. 

Marker LTBI NI

Age 40.0±12.91 37.79±13.44

Female (%) 54.6 58.8

Male (%) 45.3 41.2

TST+ (%) 78.0(a) 0.0(b)

QuantiFERON (%)
Smear+ (%)

22.0(c)

0.0
0.0(d)

0.0

Culture+ (%)
Chest X-rays (CXRs) (%)

0.0
100.0(e)

n/d
0.0(f)

There were statistically significant differences; concerning TST+ status 
between (a) & (b) (p<0.0001), QuantiFERON–TB Gold In-Tube (c) & 
(d) (p<0.0001), and radiographical examinations performing Chest X-
rays (CXRs) (e) & (f) (p<0.0001), n/d: test was not determined.

Discussion

Global TB eradication efforts must also focus on detecting 
and treating cases of LTBI [31,32]. At present, TST and IGRA 
tests are the most common tests for diagnosing LTBI. T-cell 
responses to Mtb like IGRAs are good diagnostic tools to 
define Mtb infection, which is the high-risk group in future 
TB reactivation. The use of biomarkers in patients with Mtb 

infection may further identify more specific populations who 
have current active TB disease or who will develop active TB 
in the future. For helping TB diagnosis, integrating biomarkers 
into clinical practice is suggested for a clinical TB suspect 
with negative preliminary workup and pending mycobacterial 
culture [33]. The present study evaluated the diagnostic 
accuracy of the combination of serological host biomarkers for 
identifying LTBI among Warao Amerindian communities. Taking 
into account that it had been reported current evidence on 
the contribution of B-cells and antibodies or Abs to immunity 
toward Mtb, their potential utility as biomarkers, and their 
functional contribution to Mtb control [34], we evaluated 
the diagnostic value and demonstrate the usefulness of 
serological methods studying the IgG or B-cell responses to 
ESAT-6 and Ag85A synthetic peptides. IgG against Mtb ESAT-6 
P-12035 (amino acid 41-60 aa; AAWGGSGSEAYQGVQQKWDA) 
distinguished between Warao Amerindians with LTBI and 
ATB or individuals with active TB. However, the ROC analysis 
revealed good biosignature discriminative ability for the 
serological biomarker IgG anti-P-12037 performed between 
LTBI and NI; thus IgG Mtb ESAT-6 P-12037 (amino acid; 76-95 
aa: ISEAGQAMASTEGNVTGMFA) could be used to distinguish 
between Warao Amerindians with LTBI and Non-Infected (NI) 
individuals. The antigen 85A (Ag85A) of Mtb for diagnostic 
purposes of LTBI among Warao Amerindians from a highly TB 
endemic area did not show discrimination between LTBI and NI 
[15]. The majority of Abs studies have been largely concentrated 
on their utility as diagnostic tools; with much attention for 
serological tests based on the detection of circulating Abs 
against Mtb specific antigens, because these have shown 
several advantages, as they are simple, cheap and feasible for 
point-of-care diagnostics [35,39]. 

Many attempts have been made to develop serologic LTBI 
and TB tests, which include the need to discriminate active TB 
or ATB from LTBI and finally able to perform consistently in ge-
netically and immunologically diverse populations. In regard to 
the diagnostic accuracy of the MMP-9, CCR5, CCL11, CD14 and 
IFN- biomarkers detected by assessed in whole blood cultures 
using qPCR [40-43]. ROC analysis revealed good biosignature 
discriminative ability for the relative gene expression of MMP-9 
high levels between LTBI and NI (AUC = 0.799 ± 0.071); MMP 
activity is an essential component of resistance to pulmonary 
mycobacterial infection and that MMP9, specifically is required 
for recruitment of macrophages and tissue remodeling to al-
low for the formation of tight, well-organized granulomas [16]. 
Combinations of immune biomarkers such as CXCL9, sCD14, 
MMP-9, and uPAR proteins, and anti- synthetic peptides, cover-
ing certain sequences of the ESAT-6 and Ag85A antigens of Mtb 
were evaluated among Venezuelan Creole or non-indigenous 
individuals; the findings showed that the IgG anti-P-12034/
uPAR combination could be a potential biomarker for identify-
ing clinical TB patients with 96.7% sensitivity [18]. 

As regard to CCR5, there was significantly statistically differ-
ence between the low CCR5 levels in the LTBI compared with 
the high CCR5 levels in the NI individuals. During Mtb infection, 
the pathogen modulates C-C Chemokine Receptor 5 (CCR5) 
to enhance IL-10 production, indicating the possible involve-
ment of CCR5 in regulation of the host immune response; these 
events culminate in up regulation of the immunosuppressive 
cytokine IL-10 production, which is associated with the down-
regulation of macrophage MHC-II expression along with the 
up-regulation of CCR5 expression via engagement of STAT-3 in 
a positive feedback loop [41]. The CCR5 immune biomarker has 
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been reported as an immunological marker that differentiates 
between different outcomes of Mtb infection, CCR5 as well as 
CXCR4 have been related with the diagnosis of the extent of 
TB disease [42,43]. Additionally, the relative gene expression 
of CCL11 low levels differentiated LTBI state from NI or healthy 
ones. Eotaxin or CCL11 is a CC-chemokine that signals through 
the CCR3 receptor. It is produced by IFN-γ-stimulated endothe-
lial cells and TNF-ɑ activated monocytes. It has been reported 
that CCL11, CCL24, and CCL26, which are produced by Th2 cells 
and other cells which induce Th2 development are increased in 
TB patients compared to controls; it seems that TB suppresses 
Th1 and the classic function of macrophages subsequently by 
inducing chemokines’ expression [44,45].

Authors have identified cytokines as host biosignature (IL-
17F, MIP-3α, IL-13, IL-17A, IL-5, IL-9, IL-1β, IL-2 and IFN-γ) that 
could identify and uniquely discriminate between LTBI and ATB 
[46-48]. Present ROC analysis did not show good biosignature 
discriminative abilities for serological biomarker such as CD14 
and IFN-γ. The IFN-γ biomarker was found to be expressed at 
low levels in the studied groups; the latter correlate with those 
of our previous study examining the capacity of antigen-in-
duced proliferation by PBMCs and IFN-γ production in Warao 
indigenous with pulmonary TB and healthy controls. The IFN-γ 
production in Warao TB patients and controls was significantly 
lower after stimulation for 24 h and 48 h compared with that in 
the Creole group [43]. Biomarkers are urgently needed to indi-
cate progression from latent infection to clinical disease, to pre-
dict the risk of reactivation after cure, and to provide accurate 
end points for drug and vaccine trials. Diagnosis and treatment 
of LTBI as well as ATB are required for effective TB control.

Conclusion

The ROC analysis revealed good biosignature discriminative 
ability for the MMP-9 and IgG anti-P-12037 indicating that both 
biomarkers are consistently associated with LTBI stage of M. 
tuberculosis infection. The relevance of the MMP-9 /IgG anti-
P-12037 combination in a future point-of-care (POC) or a diag-
nostic POC test, which if validated, would contribute significant-
ly to indicate the LTBI state, to predict the risk of reactivation 
after cure, to reduce the transmission, improving TB control in 
Venezuela.
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