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Summary

Objective: We investigated the accuracy of host markers detected in Mtb antigen-stimulated
whole blood culture supernatant in the diagnosis of TB.

Methods: Prospectively, blood from 322 individuals with presumed TB disease from six
African sites was stimulated with four different Mtb antigens (Rv0081, Rv1284, ESAT-6/CFP-
10, and Rv2034) in a 24 hour whole blood stimulation assay (WBA). The concentrations of
42 host markers in the supernatants were measured using the Luminex multiplex platform.
Diagnostic biosignatures were investigated through the use of multivariate analysis
techniques.

Results: 17% of the participants were HIV infected, 106 had active TB disease and in 216
TB was excluded. Unstimulated concentrations of CRP, SAA, ferritin and IP-10 had better
discriminating ability than markers from stimulated samples. Accuracy of marker
combinations by general discriminant analysis (GDA) identified a six analyte model with 77%
accuracy for TB cases and 84% for non TB cases, with a better performance in HIV
uninfected patients.

Conclusions: A biosignature of 6 cytokines obtained after stimulation with four Mtb antigens
has moderate potential as a diagnostic tool for pulmonary TB disease individuals and

stimulated marker expression had no added value to unstimulated marker performance.



HIGHLIGHTS
We evaluated the accuracy of host markers elicited after overnight stimulation of
whole blood with ESAT-6/CFP-10, Rv0081, Rv1284 and Rv2034, for the diagnosis of
TB disease in presumed TB patients
Our study identified a six-analyte biosignature that allowed promise in the diagnosis
of active TB
The identified host markers could play a role as adjunctive markers in improving the
sensitivity of immunodiagnostic assays for TB disease
The most useful analytes were detected in unstimulated culture supernatants,
indicating there may be no added accuracy obtained through stimulation with Mtb

antigens
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Introduction

The diagnosis of tuberculosis (TB) disease in resource-poor settings remains challenging.
Several independent studies have reported on the limitations of current techniques in
diagnosing TB.%* There is a lack of simple field-friendly diagnostic tools and markers of
immune activation and modulation of cytokine networks during intracellular infections might

provide opportunities to develop appropriate tools.5!!

The Interferon gamma (IFN-y) release assays (IGRAs) with high specificity and accuracy in
the diagnosis of Mycobacterium tuberculosis (Mtb) infection have been widely employed in
the immune-based diagnosis of Mtb infection and have some advantages over the tuberculin
skin test.’? However, IGRAs are mainly useful in low incidence settings and for research
advances in high burden areas as their major disadvantage is the inability to differentiate
between active and latent TB.1213 The discovery of secreted biomarkers similar to the gene
expression signatures that were recently identified and that differentiate between these two
infection states and which can be further developed into a rapid point of care test would be a

major boost in TB diagnosis.**

Recently, there has been an upsurge in the alternative use of novel Mtb antigens and host
markers besides IFN-y in Mtb-specific antigen stimulated whole blood culture assay for
exploring the diagnosis of TB.*> We have previously measured many of these host markers
including tumour necrosis factor (TNF-a), interferon-inducible protein (IP-10), epidermal
growth factor (EGF), macrophage inflammatory protein (MIP)-1B3, vascular endothelial
growth factor (VEGF) and soluble CD40 ligand (sCD40L) after stimulation with novel Mtb
infection phase-dependent antigens (including TB vaccine candidate antigens, dormancy
(DosR) regulon encoded antigens, TB reactivation antigens, TB resuscitation promoting
factors (rpfs) and other stress response-associated antigens) in whole blood culture
supernatants and some of these antigens look promising in TB disease diagnosis.!®’
However, in these studies, long term (7 day) whole blood assays were employed, which is

not ideal for diagnostic purposes. In a follow up to these studies, we evaluated the potential
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of some of these promising antigens to elicit a host response in a short term (overnight)
whole blood assay compared to the long term (7 day) whole blood assay.*® This study also
evaluated the accuracy of some of these previously reported novel candidate antigens but in

a larger study employing a short term (overnight), more field-friendly whole blood assay.

Materials and methods
Study participants

All the participants presumed of having pulmonary TB who participated in this study were
recruited as part of the EDCTP funded African European Tuberculosis Consortium (AE-TBC)
study that was conducted across six different African countries (www.ae-tbc.eu). Participants
included in the present study were recruited from field sites serving Stellenbosch University,
South Africa; Makerere University, Uganda; Medical Research Council Unit, The Gambia;
and Karonga Prevention Study, Malawi. Participants presented with symptoms suggestive of
pulmonary TB disease such as persistent cough for more than 2 weeks and one of the
following: fever, recent loss of weight, night sweats, haemolysis, chest pain or loss of
appetite. Participants were eligible for the study if they were 18 years or older, willing to give
written informed consent, including for HIV testing using a rapid test (Abott, Germany) and
sample storage. The exclusion criteria included severe anaemia (HB<10g/l), pregnancy,
other known diseases such as diabetes mellitus, current anti-TB treatment, anti-TB
treatment in the last 90 days, use of quinolone or aminoglycoside antibiotics in the past 60
days, and not been resident in the study area for more than 3 months. A case report form
was completed for each participant before the collection of blood, saliva and other intended
samples including urine and sputum as required for the main study. Culture of sputum
samples was done using the MGIT method (BD Biosciences) and confirmation of isolated
Mtb complex in all positive cultures was carried out by an Mtb complex specific PCR or
standard biochemical methods, dependent on the facilities available at the study site.*
Additionally, 3 ml of blood was collected from the participants for the performance of QFT-IT

assay, which was carried out according to the manufacturer’'s instruction as previously
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described.’® The Human Ethics Research Committee of the University of Stellenbosch gave

approval for the study (N10/08/274).

Reference standard for classification of study participants

Prior to the commencement of recruitment of study participants, harmonized case definitions
were established and used for the classification of study participants (presumed TB cases)
at all study sites. Participants were classified as having definite TB, probable TB,
guestionable TB disease status or non TB, using a combination of clinical, radiological, and
laboratory findings.*® The non TB cases were cases had a range of other diagnoses,
including upper and lower respiratory tract infections (viral and bacterial infections, although
attempts to identify organisms by bacterial or viral cultures were not made), and acute
exacerbations of chronic obstructive pulmonary disease or asthma. No participant in the non
TB group underwent TB treatment during the 6 month follow up of the study. In assessing
the diagnostic accuracy of the markers investigated in the present study, all the definite and
probable TB cases were classified as “TB”, and then compared to the non TB cases,

whereas questionables were excluded (Figure 1).

Whole blood culture assay (WBA)

At enrolment, 10ml of heparinised blood was collected from all participants and transported
at ambient conditions within two hours of collection to the laboratory where the WBA was
performed. The antigens that were used came from two sources namely: Leiden University
Medical Center (LUMC), The Netherlands, and the Statens Serum Institut (SSI), Denmark.
ESAT-6 and CFP-10 are two separate antigens, but were measured together as a fusion
protein (ESAT-6/CFP-10) in this study. ESAT-6/CFP-10 and RV0081 were selected for the
current study because of the promising accuracy shown by host markers elicited by these
antigens in our previous studies!®'® whereas Rv1284 and Rv2034 were selected because of
the promise already shown by the antigens as TB diagnostic and vaccine candidates in

previous studies.?®?! Prior to their usage the four lyophilised antigens were reconstituted in
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sterile 1X PBS. The reconstituted antigens were then diluted in sterile 1x PBS, mixed with
undiluted whole blood from each study participant at a final concentration of 10ug/ml, and
incubated overnight (20-24hours) in 24-well tissue culture plates (Corning Corstar, Sigma)
as previously described.® Sterile 1x PBS (Lonza, Cat #: 17-517Q) was used as the negative

control.

Luminex multiplex immunoassay

This prospective study included 322 TB and non TB cases and was evaluated using a
Luminex multiplex cytokine platform which is based on simultaneous detection and
cytometric quantification of different cytokines in a sample. The concentrations of 42 host
markers including interleukin (IL)-1B, IL-1Ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-
12, IL-13, IL-15, IL-17, eotaxin, fibroblast growth factor (FGF) basic, granulocyte colony
stimulating factor (G-CSF), granulocyte monocyte colony stimulating factor (GM-CSF), IFN-
y, interferon inducible protein (IP)-10, monocyte chemotactic protein (MCP)-1, macrophage
inflammatory protein (MIP)-1a, platelet derived growth factor BB (PDGF-BB), MIP-1j,
RANTES, TNF-a, vascular endothelial growth factor (VEGF), eotaxin-2, BCA-1, 6Ckine,
SCF, TRAIL, ENA, ferritin, fibrinogen, procalcitonin, serum amyloid protein A (SAA), tissue
plasminogen activator, serum amyloid protein P (SAP), CRP, haptoglobin and a-2
macroglobulin, were evaluated in WBA supernatants of all the study participants. This was
done using Milliplex kits (Merck Millipore, St. Charles, Missouri, USA) and Bio-Plex kits (Bio
Rad Laboratories, Hercules, CA, USA) on the Bio-Plex™ platform according to the
manufacturer’s instructions. Standard curves were generated from the serial dilutions that
were made from the assay controls supplied and matched against the cytokine concentration
for quantification. The concentrations of all the analytes in the quality control reagents were
found to be within the ranges as expected. The Bio-Plex manager version 6.1 was used for

bead acquisition and analysis of median fluorescence intensity.
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Statistical analysis

Statistical differences in analyte levels were evaluated by the Mann Whitney U test for non-
parametric data analysis. The diagnostic accuracies of individual antigen-specific or
ustimulated responses for TB disease were ascertained by receiver operator characteristics
(ROC) curve analysis. Cut-off levels for estimation of sensitivity and specificity were selected
based on the Youden’s Index. The predictive abilities of combinations of unstimulated and
antigen-specific host markers for TB disease and non TB were investigated by performing
best subsets general discriminant analysis (GDA). Data were randomly partitioned into a
70% training data set, which was used for model building and 30% test set, which was used
to verify the accuracy of the different models. The leave-one-out cross validation approach
was used to test the prediction accuracy of biosignatures after data was stratified according
to HIV status, due to the relatively limited number of HIV infected individuals. Data were
analyzed using GraphPad prism, version 5.00 for Windows (Graphpad Software, San Diego
California, USA) and Statistica (Statsoft, Ohio, USA).

Results

Study participants

A total of 322 participants were enrolled into this study, 106 (33%) of who were cultures
positive TB cases (Figure 1). Of the 322 study participants, 168 (52%) were males and 24
(23%) of the 106 TB cases were HIV co-infected. The demographic and clinical information

of the participants are shown in table 1.

Potential of host markers produced by unstimulated supernatants in
discriminating between individuals with TB and non TB disease

When the analyte levels detected in the unstimulated control supernatants in TB patients
were compared to the levels obtained in the non TB group (50% of this group were QFT-IT
positive), the unstimulated levels of 14 out of the 42 host markers evaluated showed
significant differences. The concentrations of these markers including CRP, Ferritin, 1P-10,

IL-6, IL-7, IL-9, IL-13, IFN-y, VEGF, Haptoglobin, SAP, PCT and SAA were significantly
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higher in the TB group (Table 2). When the diagnostic potentials of these unstimulated host
markers were evaluated by ROC curve analysis, four analytes including CRP, IP-10, Ferritin
and SAA had an area under the ROC curve (AUC) of =2 0.85, = 0.74, = 0.79 and = 0.77
respectively, in unstimulated samples. At their optimal unstimulated cut-off values, SAA had
a sensitivity and specificity of 81% and 72%, ferritin 70% for both sensitivity and specificity,
IP-10 had 77% sensitivity and 71% specificity for ascertaining TB disease. The best
performance characteristic was with unstimulated CRP with a sensitivity and specificity of
80% (Table 2, Figure 3). The high AUC recorded for some of these markers support their

diagnostic potential.

Utility of host markers detected in overnight antigen-stimulated culture
supernatants in the diagnosis of TB disease

The unstimulated control levels for the different host markers were subtracted from the
antigen-stimulated responses for each study participant before the analysis of the data. In
response to Mtb-specific antigenic stimulation by ESAT-6/CFP-10, median concentrations of
IP-10, IFN-y, IL-1Ra, tPA and TRAIL were significantly higher in the TB group (p<0.05)
(Table 2, Figure 2). Following stimulation with Rv2034, IL-2, IL-17 and FGF basic levels
were significantly higher in TB cases whereas ferritin was higher in non TB. Rv1284 elicited
the production of significantly high levels of IL-2 in the non TB cases, whereas only tPA
responses were significantly different between the TB and non TB cases after stimulation
with Rv0081 (Table 2). When the diagnostic accuracy of individual antigen-specific host
markers were investigated by ROC curve analysis, the AUCs for ESAT-6/CFP-10 stimulated
IP-10 and IFN-y were = 0.64 respectively. Antigen-specific level of IP-10 had the best
sensitivity of 60% and specificity of 65%. The AUC’s of Rv1284-specific and Rv2034-specific
markers performed poorly in general. Only Rv2034-specific level of IL-2 attained 0.60 (Table

2, Figure 3).
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Ability of cytokine responses to discriminate between LTBI and uninfected
controls

When the concentration of host markers detected in QFT-IT positive non TB cases (LTBI)
were compared to the levels obtained in the QFT-IT negative non TB cases (uninfected
controls), the unstimulated levels of IL-183, IL-1Ra, IL-6, IL-10, IL-12, MIP-1a, TNF-a and
were significantly higher in the uninfected controls. Only unstimulated levels of eotaxin were
significantly higher in LTBI subjects. When the host markers elicited after stimulation with the
different antigens were compared between the two groups, most of the discriminatory
markers were found in ESAT-6/CFP-10 stimulated supernatants. ESAT-6/CFP-10 -specific
levels of IL-1Ra, IL-2, IL-4, IL-5, IL-13, IL-15, FGF basic, GM-CSF, IFN-y, IP-10, MCP-1,
MIP-1a and Eotaxin-2 were significantly higher in the LTBI group. Similarly, Rv2034-specific
levels of IL-8, IL-15, MCP-1 and MIP-1a, and Rv1284-specific levels of G-CSF, MCP-1 and
PDGF-BB were significantly higher in the LTBI. Stimulation with RvO081 failed to elicit any
response. When the diagnostic accuracies of the markers detected in the culture
supernatants were evaluated by ROC curve analysis, only ESAT-6/CFP-10-specific levels of
IP-10, IFN-y, GM-CSF, IL-2 and IL-13 discriminated between the two groups with AUC 2
0.70. Out of these five markers, ESAT-6/CFP-10-specific level of IP-10 had the best
sensitivity and specificity of 75% and 72% respectively. Although ESAT-6/CFP-10-specific
IL-5 and eotaxin-2, Rv2034-specific MCP-1, and Rv1284-specific PDGF-BB all discriminated
between the two groups with sensitivities >80%, the specificities of all these markers were

poor, ranging between 38-50% (Table 3).

Abilities of combinations of analytes in the general discriminant analysis
models in discriminating between TB and non TB.

To evaluate the predictive abilities of combinations of analytes for TB and no TB disease
data obtained from all study participants were analysed by general discriminant analysis
(GDA), regardless of the HIV infection status of the study participants. The unstimulated and

antigen-specific responses of each host marker were treated as separate variables, in order
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to evaluate the contribution of both classes of markers in predictive models. We randomly
partitioned all the data from the measurement of the different markers into a 70% training
data set for model building, and 30% for a test set for the verification of the models. A
combination of six markers IP-10 agni, IFN-y agnii, IP-10ni, Ferritin ni, SAA ni, and CRP i
accurately predicted 77% TB cases and 84% of the non TB cases in the training set,
regardless of HIV infection status. In the test set, the six-marker biosignature accurately

predicted 83% of the TB cases and 78% of the non TB cases (Table 4).

To investigate the influence of HIV infection on the accuracy of the biosignatures, data was
stratified according to HIV status, and the GDA procedure repeated. In the HIV uninfected
group the six-marker biosignature (IP-10 ag-ni,, IFN-y ag-ii, IP-10nii, Ferritin ni, SAA ni, and CRP
ni) diagnosed TB disease with a sensitivity of 83% and specificity of 90% in the training data
set, and a sensitivity of 88% and specificity of 82% in the test dataset. However, the
combination of these analytes performed less well in the HIV infected patients as only 64%
of the TB cases and 80% of the non TB cases were correctly classified in the resubstitution
classification matrix. After leave-one-out cross validation, the biomarker combination only
resulted in the correct prediction of 52% of the TB cases and 76% non TB (Table 4). The
frequency of the different analytes in the top 20 models for discriminating between TB

disease and non TB in all study participants is shown in figure 4.

Discussion

The development of a new, relatively rapid, and accurate test, that does not rely on sputum,
which can be difficult to obtain in some patient groups, and which does not reflect the site of
infection in extrapulmonary TB, would be a major advance in the TB diagnostic field. The
measurement of a small number of analytes that differentiates active TB from LTBI in the
blood in a short-term overnight assay, might fulfil this need.® Test results would be available
within 48 hours, rather than after several weeks as is the case with sputum culture. In this
study we investigated the potential accuracy of host markers detected in supernatants, after

stimulation of whole blood with Mtb infection phase-dependent antigens, in an overnight

8
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culture assay. We have shown that multiple biomarkers detected in the antigen-stimulated
and unstimulated supernatants can contribute to a diagnostic signature with the ability to
discriminate between active TB and non TB. A biosighature of six analytes showed
promising results especially in HIV uninfected individuals. We previously reported on the
potential of host markers produced after stimulation of blood cells with novel Mtb infection
phase-dependent antigens, including Rv0081, Rv0867c, Rv2389c, Rv1009 and Rv2032 in
the diagnosis of TB disease.!®'” However, the 7-day WBA used in that work would not be
optimal and useful as a TB diagnostic tool, especially in resource limited settings. Follow-up
work evaluated a down selected number of these antigens in the 7-day and overnight

cultured assays*® and the present study is a validation of that pilot data.

We enrolled 322 participants with presumed TB and confirmed active disease in 106,
whereas active TB was excluded in 216. Comparison of the levels of markers in these two
groups, irrespective of their HIV status, and QFT-IT results was performed. Although a sub-
group comparison of these markers in the different Mtb infection groups was not our primary
objective as we were looking for diagnostic tests suitable for the accurate diagnosis of active
TB in high endemic settings, with a high prevalence of LTBI, we evaluated the utility of
multiple analyte signatures in the diagnosis of TB disease in different HIV and QFT-IT sub
groups. We identified several markers that discriminated between latently infected

individuals and uninfected groups.

Antigen-specific host markers measured in the overnight WBA in this study did not show
much diagnostic potential as the top single markers observed; IFN-y and IP-10, only
achieved an AUC of 64% in discriminating between TB disease and non TB. However,
unstimulated levels of SAA, ferritin, CRP and IP-10 were the most promising single markers
obtained, reaching AUC 270%. As observed in our previous studies!®’ the predictive
abilities of these markers improved when they were used in combinations. Indeed, in this
study, a six analyte-model showed an improved diagnostic potential. The results of the acute

phase proteins: CRP and SAA, are consistent with the results from the pilot study where
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these markers also featured strongly and were included in the top four-analyte multi marker
models.'8 In contrast to our previous observations none of VEGF, TGF-a or EGF, which was
prominent in the best discriminatory marker model in the 7-day assay, was included into the
present models. The larger sample size in the present study and the use of the short term

assay are probably responsible for the discrepancy.

Rv0081 is a DosR regulon encoded antigen and several studies have shown that the DosR
regulon of Mtb is associated with latency, nutrient starvation, hypoxia and low nitric oxide or
pH.?22" Despite the diagnostic potential of this antigen, it did not discriminate between TB
and non TB with high sensitivity and specificity and failed to differentiate LTBI from
uninfected controls. The evaluation of this antigen in combination with other antigens in
previous study did not improve its accuracy.’® Rv0081 elicited tPA responses that were
significantly higher in TB cases, in comparison to the non TB group. In contrast to our
previous studies, which were conducted in household contacts (HHC) of TB cases, the
present study did not recruit contacts as the control group. DosR regulon antigens might be
recognised more frequently by people with recent exposure and infection.?® 283 |FN-y
elicited by ESAT-6/CFP-10 is a commonly used marker for TB infection and although it does
not discriminate between active TB and LTBI on its own, it was included most frequently in
the GDA models. This classical antigen also elicited SAA, CRP and ferritin responses.
These acute phase proteins are mainly produced in the liver as a result of inflammation and
it is not a surprise that these markers, particularly the unstimulated levels, were included in
the top analyte models. SAA and CRP are also produced by macrophages and peripheral
blood mononuclear cells (PBMCs), respectively,®*2 are being extensively employed as
biomarkers in many disease conditions including pulmonary infections.®*=3* The potential
usefulness of SAA and CRP in serum in the diagnosis of TB has been shown in previous
studies*® although no current TB diagnostic tests use these markers.®¢ |P-10 is a
chemokine secreted by monocytes with direct interaction with antigen specific T-cells and

has been widely researched as an alternative TB immunodiagnostic biomarker.3"3¢ The
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levels of stimulated IP-10 was higher in TB disease in our study compared to non TB and
this is in agreement with other studies where IP-10 differentiated better between active TB
cases and unexposed individuals than IFN-y release assays (IGRA).3**% Several studies
have shown that the combination of both IFN-y and IP-10 could significantly enhance

diagnostic performance.*44

The main limitation of our study was the evaluation of fewer antigens than in our previous
studies as the down selection of the number of antigens from our pilot work demonstrates
the risk for false discovery when a large number of antigens are evaluated in a relatively
small number of samples. Antigens can be falsely included or excluded due to insufficient
power of the pilot studies. Alternatively, however, the use of shorter term assay here as
opposed to the use of long term assays in our previous study might have biased towards
responses to a subset of the originally identified antigens only, possibly due to differences in
response kinetics. Our results furthermore highlight the fact that multi-marker biosignatures
hold promise above the use of single markers. Finally, the results suggest that ex vivo
samples like plasma and serum may hold promise for the discovery of such biosignatures,
as no added accuracy was obtained through stimulation with Mtb antigens. We conclude that

large future studies should focus on ex vivo markers.

Conclusion

We identified a biosignature of six unstimulated and mycobacteria-specific host markers in
antigen-stimulated overnight WBAs that showed potential in the diagnosis of TB disease with
an accurate prediction of 77% TB cases and 84% non TB cases. The sensitivity and
specificity of this 6-analyte model was better in HIV uninfected patients but as a large
percentage of African TB patients have HIV co-infection, this approach has limited future
potential. These markers could, however, be adjunctive markers in the diagnosis of TB
disease where sputum is difficult to obtain or where extrapulmonary TB is presumed. Future
studies in children and extrapulmonary TB patients should evaluate additional novel Mtb

antigens, ex-vivo unstimulated markers such as in serum and plasma, and host markers
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possibly using non-biased approaches such as proteomics to improve sensitivity before field-

friendly versions of the stimulation assays are developed.
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Table 1. Clinical and demographic information of study participants.

All Pulmonary TB non TB
Number of participants n, (%) 322 106(33) 216(67)
Male/Female ratio n, (%) 168(52)/154(48) 67(63)/39(37) 97(45)/119(55)
HIV status (pos/neg) n, (%) 54(17)/268(83) 24(23)/82(77) 30(14)/186(86)
QFT-IT result available n, (%) 211(66) 78(37) 133(63)
QFT-IT positive, n (%) 111(53) 56(50) 55(50)

Abbreviation: QFT-IT = Quantiferon TB Gold In Tube; n = number



Table 2. Diagnostic potential of markers detected in overnight culture supernatant for TB disease

Marker/WBA Median TB Median non TB P value AUC Optimal Sensitivity Specificity
cut off % %
CRPui 115296 (990-268405) 4903 (0-268405) 0.01 0.85 183 80 80
SAA i 1577 000 (0-1577000) 4171 (0-1577000) 0.01 0.79 166 81 72
Ferritin i 184000 (5668-495381) 84602 (27.74-495381) 0.01 0.74 172 70 70
IP-10 il 1984 (58.88-3889) 618 (0-3889) 0.01 0.77 170 77 71
IL-6 nil 180.7 (0-1659) 81.7 (0-1659) 0.03 0.57 120 69 51
IL-7 wi 9.44 (0-47.57) 6.04 (0-47.57) 0.01 0.60 114 55 63
IL-9 nil 39.97 (0-128.2) 31.87 (0-128.2) 0.02 0.42 147 46 46
IL-13 ni 6.65 (0-20.06) 2.99 (0-20.06) 0.01 0.39 50 45 42
IEN-Y nil 121.6 (0-396.1) 85.3 (0-396.1) 0.01 0.59 127 58 60
VEGF nil 157.5 (4.1-455.9) 107.5 (0-455.9 0.01 0.60 134 66 50
Haptoglobin wi 92400000 (33178-92400000) 2340000 (0-92400000) 0.01 0.61 158 64 59
SAP il 112884 (15819-381489) 83860 (0-381489) 0.01 0.59 172 53 62
PCT i 8785 (1567-15324) 8184 (1567-15324) 0.03 0.43 160 39 58
IP-10 ag-nil 3943 (0-20816) 1781 (0-20816) 0.01 0.64 174 60 65
IFEN-Y ag-nil 347.7 (0-1346) 145.5 (0-1346) 0.01 0.64 178 57 70
IL-1ra ag-nil 633.7 (0-2845) 415.2 (0-2845) 0.01 0.59 157 59 56
tPA ag-nil 301.6 (0-3908) 0.0 (0-3908) 0.01 0.58 167 55 61
TRAIL ag-nil 12.64 (0-144.0) 0.0 (0-144.0) 0.01 0.59 135 57 67
IL-2 rvi2sa-nil 3.30 (0-60.71) 9.34 (0-60.71) 0.03 0.58 151 52 67
tPA rvoosi-nil 270.1 (0-3699) 0.0 (0-3699) 0.04 0.57 148 58 56
IL-2 Rrv2034-Nil 0.0 (0-52.91) 5.46 (0-52.91) 0.01 0.60 96 69 52
IL-17 rv2034-Nil 12.42 (0-213.4) 26.3 (0-213.4) 0.03 0.58 145 59 59
FGF basic rv20z4-nil 4.35 (0-129.7) 15.51 (0-129.7) 0.03 0.58 166 50 64
Ferritin rvaos4-nil 7624 (0-110159) 521.5 (0-110159) 0.02 0.58 184 52 66

Median levels of analytes (pg/ml) excluding SAA (ng/ml) and ranges (in parenthesis) showing accuracies in discriminating between active TB
and non TB in overnight culture supernatants from all study participants. All analytes that showed significant differences (p<0.05) between the
TB and non TB cases according to the Mann Whitney U test are shown. Optimal cut off values, sensitivity and specificity were selected based
on Youden's index. The levels of the different antigens shown were corrected for background subtraction of the unstimulated levels. AUC=

Area under the receiver operator characteristics curve, Nil= unstimulated marker levels and Ag= ESAT-6/CFP-10 stimulated marker levels.



Table 3. Diagnostic potential of markers detected in overnight culture supernatants in discriminating LTBI from uninfected controls

Marker/WBA Median LTBI Median non TB P value AUC Optimal Sensitivity Specificity
cut off % %
IL-1B ni 2.37 (0-70.54) 6.64 (0-70.54) 0.01 0.65 3.9 64 67
IL-1Ra il 159.9 (0-2005) 399.0 (0-2005) 0.01 0.62 140.3 75 49
IL-2 il 6.16 (0-80.04) 13.22 (0-80.04) 0.01 0.62 6.2 70 52
IL-6 il 19.17 (0-1653) 116.4 (0-1653) 0.01 0.68 51.8 66 74
IL-20 il 14.20 (0-150.2) 27.01 (0-150.2) 0.01 0.62 26.0 52 78
MIP-1a nil 5.28 (0-89.85) 11.15 (0-89.85) 0.01 0.61 5.5 70 54
TNF-a i 21.32 (0-198.5) 32.15 (0-198.5) 0.01 0.63 29.5 56 70
Eotaxin-2 i 484.3 (28.42-1451) 328.1 (0-1451) 0.01 0.61 531.4 76 49
IP-10 ag-nil 5781 (0-20286) 700 (0-20286) 0.01 0.77 2669 75 72
IFN-Y ag-nil 376.3 (0-1189) 106.1 (0-1189) 0.01 0.76 196.7 71 74
IL-1Ra ag-nil 790.0 (0-2614) 323.6 (0-2946) 0.01 0.66 809.7 78 49
GM-CSF ag-nil 49.39 (0-168.0) 21.51 (0-168.0) 0.01 0.70 32.1 66 70
MCP-1 ag-nil 4653000 (0-4653000) 27752 (0-4653000) 0.01 0.66 781534 75 56
MIP-1a ag-nil 281.1 (0-1277) 83.47 (0-1277) 0.01 0.64 151.5 57 67
IL-2 ag-nil 173.8 (0-357.2) 21.30 (0-357.2) 0.01 0.80 74.8 77 69
IL-4 ag-nil 2.26 (0-6.52) 1.04 (0-6.82) 0.01 0.64 2.1 70 56
IL-5 ag-nil 5.72 (0-14.4) 0 (0-14.4) 0.01 0.68 5.7 86 50
IL-13 ag-nil 22.55 (0-56.09) 2.50 (0-56.09) 0.01 0.76 7.6 71 72
IL-15 ag-nil 95.74 (0-269.8) 41.06 (0-269.8) 0.01 0.63 78.5 67 60
FGF basic ag-nil 41.03 (0-137.3) 21.31 (0-137.3) 0.01 0.63 40.9 76 50
Eotaxin-2 ag-il 76.15 (0-757.6) 4.27 (0-757.6) 0.01 0.63 252.5 88 38
IL-8 rv2034-nil 4075 (0-25911) 2467 (0-25911) 0.02 0.59 6111 71 46
IL-15 rv2034-nil 46.36 (0-245.7) 27.42 (0-245.7) 0.03 0.59 16.5 46 72
MCP-1 rv2034-nil 30946 (0-178009) 5909 (0-178009) 0.01 0.63 109303 85 40
MIP-1a rv203a-Nil 58.69 (0-391.8) 21.13 (0-391.8) 0.02 0.60 1.8 34 87
G-CSF ry1284-nil 60.89 (0-343.5) 30.07 (0-343.5) 0.01 0.64 13.6 45 79
MCP-1 rvi284-nil 91386 (0-608346) 17736 (0-608346) 0.01 0.63 46586 69 57
PDGF-BB rvi284-nil 88.76 (0-740.5) 0 (0-740.5) 0.01 0.62 144.3 82 44

Median levels of analytes (pg/ml) and ranges (in parenthesis) showing accuracies in discriminating between LTBI and uninfected controls in
overnight culture supernatants of all study participants. All analytes that showed significant differences (p<0.05) between LTBI and uninfected
controls according to Mann Whitney U test are shown. Optimal cut off values, sensitivity and specificity were selected based on Youden’s
index. The levels of the different antigens shown were corrected for background subtraction of the unstimulated levels. AUC= Area under the
receiver operator characteristics curve, Nil= unstimulated marker levels and Ag= ESAT-6/CFP-10 stimulated marker level.



Table 4. Utility of combination of analytes in overnight culture supernatant in the diagnosis of TB
Training

Host marker model classification Test classification set

set

IP-10 ag-nil, IFN-y ag-nit, IP-10nil
Ferritin nii, SAA nil, CRP il 84 77 82 78 83 80

IP-10 ag-nil, IFN-y ag-nit, IP-10nil
Ferritin nii, SAA nil, CRP il 90 83 88 82 88 84

NonTB% TB % Total % NonTB % TB %

Six analyte models generated by general discriminant analysis. Nil=unstimulated, Ag=ESAT-6/CFP-10
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Figure 1. Standards for Reporting of Diagnostic Accuracy (STARD) flow diagram for
recruitment of participants with presumed TB, enrolment and exclusion. Three hundred and
fifty-six individuals presumed to have pulmonary TB were enrolled from different African field
sites and WBA performed. Participants were later classified as definite TB cases, probable
TB cases and non TB cases using a pre-established diagnostic algorithm. Thirty-four
individuals with inconclusive diagnosis were excluded from the analysis. +ve = positive, -ve
= negative.
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Figure 2. Scatter-dot plots of host markers detected in unstimulated and antigen-specific
overnight WBA supernatants. Statistical differences in analyte levels were evaluated by the
Mann Whitney U test for non-parametric data analysis. Representative plots show the levels
of analytes in the overnight whole blood culture supernatants of participants with and without
TB disease. Bars in the scatter dot plots represent the median plus interquatile range of the
concentration of analyte. Nil= unstimulated marker levels, Ag=ESAT-6/CFP-10 stimulated
marker levels CRP=C reactive protein, SAA=Serum amyloid A, IFN=Interferon gamma, IP-
10=Interferon-inducible protein-10.
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inducible protein-10, IL= (Interleukin)-2, tPA= tissue plasminogen activator.
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Figure 4. Frequency of analytes in the top 20 most accurate GDA predictive models for the
classification of study participants as TB disease or non TB. Using best subsets method of
variable selection, unstimulated and antigen-specific host markers were fitted into general
discriminant analysis prediction models. The columns represent the number of times each
analyte occurred in the top 20 general discriminatory models. Nil= unstimulated marker
levels, AQg=ESAT-6/CFP-10 stimulated marker levels.



