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Supplementary Figure 1. Demonstration of the M-HD-NAPPA for Mtb biomarker discovery.

(A). Array image showing protein display as assessed by anti-GST binding of both single
protein and mixture of 3 proteins/spot. (B). Dotplot of anti-GST expression intensity for both
single protein and mixture of 3 proteins/spot. Greater than 96% of the proteins express at the
cutoff level of 1 X 10° fluorescent intensity units. Blue bars represent median reactivity. (C). Ball
and stick heat map of single and multiplex protein responses to pool serum. This ball-map figure
is based on the normalized response value of a multiplex protein spots for the central circle.
Each of the component three proteins orbits the central circle and their color also represents the
normalized response as individual protein spot. The darker the red color indicates higher
responses, with signal to background ratio (S/B) values ranging from 2.0 to >5.0. One of our key
criteria is a minimal S/B value of 2.0 to establish a level of minimal reactivity and 16 individual
proteins met this cutoff value. We determined that 4 proteins represented low-level reactivity
(S/B 2.0-3.0), 5 proteins revealed mid-level reactivity (S/B 3.0-5.0), and 7 individual proteins

revealed high-level responses (S/B > 5.0).

Supplementary Figure 2. Quality control evaluation of Mtb M-HD-NAPPA.

(A). Array image of protein display as assessed by anti-GST binding to Mtb 3 protein/spot M-
HD-NAPPA array. (B). Dot plot of the protein display of full Mtb M-HD-NAPPA array across
subarray and print batch. Blue bars represent median reactivity. (C). Pearson correlation of the
anti-GST expression intensity intra- and inter-slides. (D). Pearson correlation of Pool serum

binding to two slides of the M-HD-NAPPA array.

Supplementary Figure 3. Quality control evaluation of Mtb HD-NAPPA used in
deconvolution and validation studies.
(A). Array image of protein display as assessed by anti-GST binding to single protein/spot

Mtb HD-NAPPA array. Spots that exhibit overall fluorescence intensity higher than 1x10° a.u.



exceed the cutoff of the successful protein expression (B). Dot plot of the protein display of full
Mtb HD-NAPPA array across subarray and print batch. The success protein display rate on the
multiplex HD-NAPPA were as high as 98.50% * 0.34% across 4 subarrays across two slides.
Blue bars represent median reactivity. (C). The intra-slide and inter-slide Pearson correlation
reveal great reproducibility with intra-slide subarray correlation (R=0.963) and the inter-slide
correlation (R=0.936) (D). Reproducibility testing using binding of our positive control TB+ pool

revealed excellent inter-slide Pearson correlations (0.970).

Supplementary Figure 4. Mtb protein RAPID ELISA quality controls.

(A) Protein expression of the 8 selected antigens and negative control protein (Rv1553). The
target proteins were captured onto ELISA plates and the samples probed with monoclonal anti-
GST and detected via chemiluminescence to assess protein capture. All 8 targets and 1
negative control proteins were detected between 2.0 x10° a.u. and 1.2 x107 a.u., which is more
than 100 fold greater than our cutoff of 2.0 x 10* a.u. (blank intensity plus two time standard
deviation) and indicates good expression of the target protein. Blue bars represent the standard
deviation

(B) Serum response to negative control protein (Rv1553) across runs with an average value
of median at 4.10 + 1.39 x10* a.u with significant correlations (r>0.8;). A cutoff was then set as
4.0 x10* a.u post subtracting normalization of the data, which was the median response of

Rv1553 across all samples. Blue bars represent the median response.

Supplementary Figure 5. ROC analysis according to subgroups for candidate Mtb proteins
tested via RAPID ELISA. Single hit ROC analysis (AUC>0.7, p<0.05) across four subgroups:
US/HIV-: Rv0831c (A.) and Rv2031c (B.). US/HIV+: Rv0054 (C.) and Rv3405c (D.).

SA/HIV-: Rv2031c (E.), Rv0054 (F.), Rv0831c (G.) and Rv3405c (H.). SA/HIV+: Rv3405c

(L).



Supplementary Figure 6. Individual Mtb protein expression quality control on NAPPA.

(A) Array images of Individual Mtb NAPPA arrays (4,045 Mtb proteins) printed onto two
glass slides and the expression with IVTT were assessed by anti-GST binding to individual
protein (on the right) on the NAPPA array. (B) The individual Mtb protein expression
guantification of two of both TB array 01 and TB array 02. The TB array 01 has a display rate of
91.3% to 93.7% while the TB array 02 has a display rate of 99.8% at the cutoff of 5*10° a.u.

(Master mix spots (MM) plus 3 standard deviation).



Supplementary Data

Supplementary Table 1. Top IgG and IgA hits from HD-NAPPA validation analysis.
Top IgG and IgA response antigens across 4 subgroups which showed more than 20%
sensitivity at cutoff 1.4, odd’s value>1.5 and AUC value>0.55. Top IgG and IgA hits for US/HIV-

(A), USIHIV+ (B), SA/HIV- (C) and SA/HIV+ (D).

A. Top IgG hits for US/HIV-

Cutoff-1.4 Odd's ratio AUC
Sensitivity | Specificity |Value| P value [Value| P value
Rv0054 | 34.8% 90.9% |3.83| 0.18 |0.81| 0.00
Rv3544c| 34.8% 90.9% |3.83| 0.18 |0.68| 0.05
Rv1731| 34.8% 81.8% [191] 0.29 |0.60| 0.16
Rv3260c| 30.4% 100.0% |6.09| 0.25 |0.64| 0.10
Rv0178 | 30.4% 100.0% |6.09| 0.17 |0.60| 0.16
Rv2770c| 30.4% 81.8% |1.67]| 053 |0.58| 0.23
Rv2306c| 26.1% 100.0% |5.22| 0.14 |0.82| 0.00
Rv2031c| 26.1% 100.0% |5.22| 0.23 |0.73| 0.02
Rv2668 | 26.1% 100.0% |5.22| 0.30 |0.72| 0.02
Rv3897c| 26.1% 90.9% |2.87| 0.25 |0.66| 0.06
Rv0983 | 26.1% 100.0% |5.22| 0.30 |0.65| 0.08
Rv0474 | 26.1% 100.0% |5.22| 0.23 |0.62| 0.14
Rv3822 | 26.1% 100.0% |5.22| 0.25 |0.60| 0.16
MT3033| 26.1% 100.0% |5.22| 0.23 |0.59| 0.19
Rv2831| 21.7% 100.0% |4.35| 0.23 |0.83| 0.00
Rv3912 | 21.7% 100.0% |4.35| 0.39 |0.70| 0.03
Rv1860 | 21.7% 100.0% |4.35| 040 |0.65| 0.08
Rv1904 | 21.7% 100.0% |4.35| 0.23 |0.64| 0.10
Rv0040c| 21.7% 100.0% |4.35| 040 |0.64| 0.10
Rv2922c| 21.7% 90.9% |2.39| 0.30 |0.63] 0.11
Top IgA hits for US/HIV-
Rv0052 | 47.8% 81.8% [2.63]| 0.25 |0.72| 0.02
Rv2922c| 21.7% 100.0% |4.35| 0.17 |0.64| 0.09
Rv0509 | 21.7% 90.9% |2.39| 0.23 |0.55| 0.31

Protein




B. Top IgG hits for US/HIV+

Protein _(_Zl_Jtoff-l.4 . Odd’s ratio AUC
Sensitivity | Specificity |Value| P value |Value| P value
Rv2853 | 88.9% 63.6% |2.44| 0.10 |0.66| 0.12
MT3033| 55.6% 90.9% |6.11| 0.12 |0.79| 0.02
Rv3810 | 44.4% 100.0% |8.89| 0.08 |0.77| 0.02
Rv0109 | 44.4% 100.0% |8.89| 0.25 |0.75| 0.03
Rv0040c| 44.4% 72.7% |1.63| 0.47 |0.68| 0.09
Rv3260c| 44.4% 90.9% |4.89| 0.47 |0.62| 0.19
Rv1748 | 33.3% 100.0% |6.67| 0.13 |0.83| 0.01
Rv3835| 33.3% 90.9% |3.67| 0.25 |0.67| 0.10
Rv0247c| 33.3% 100.0% |6.67| 0.13 |0.63| 0.17
Top IgA hits for US/HIV+
Rv141ic| 44.4% 81.8% |2.44| 0.25 |0.70| 0.07
Rv1754c| 33.3% 100.0% |6.67| 0.48 [0.60| 0.24
Rv0983 | 33.3% 100.0% |6.67| 0.23 |[0.56| 0.34
C. Top IgG hits for SA/HIV-
Protein '(':L.Jtoff-l.4 _ Odd's ratio AUC
Sensitivity | Specificity |Value| P value |Value| P value
Rv2668 | 66.7% 75.0% |2.67| 0.34 |0.68| 0.11
Rv0638 | 50.0% 83.3% [3.00] 0.19 |0.85| 0.01
Rv0831c| 50.0% 91.7% |6.00| 0.09 |0.81| 0.02
Rv3405c| 50.0% 66.7% |1.50| 0.24 |0.64| 0.17
Rv1651c| 50.0% 91.7% |6.00| 0.09 |0.60| 0.26
Top IgA hits for SA/HIV-
Rv1566c| 50.0% | 83.3% [3.00] 0.45 |0.74]| 0.06
D. Top IgG hits for SA/HIV+
Protein '('Zl_Jtoff-l.4 . Odd’s ratio AUC
Sensitivity | Specificity |Value| P value |Value| P value
Rv3405c| 62.5% 58.3% |1.50| 0.49 |0.56| 0.25
Rv3822 | 27.5% 83.3% |1.65| 0.52 [0.58]| 0.20
Rv2770c| 27.5% 91.7% |3.30| 0.20 |0.57| 0.23
Rv0652 | 20.0% 100.0% |4.00| 0.20 |0.68| 0.03

Top IgA hits for SA/HIV+
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Supplementary Figure 1. Demonstration of the M-HD-NAPPA for Mtb biomarker discovery.

(A). Array image showing protein display as assessed by anti-GST binding of both single

protein and mixture of 3 proteins/spot. (B). Dotplot of anti-GST expression intensity for both

single protein and mixture of 3 proteins/spot. Greater than 96% of the proteins express at the

cutoff level of 1 X 10° fluorescent intensity units. Blue bars represent median reactivity. (C). Ball

and stick heat map of single and multiplex protein responses to pool serum. This ball-map figure

is based on the normalized response value of a multiplex protein spots for the central circle.

Each of the component three proteins orbits the central circle and their color also represents the



normalized response as individual protein spot. The darker the red color indicates higher
responses, with signal to background ratio (S/B) values ranging from 2.0 to >5.0. One of our key
criteria is a minimal S/B value of 2.0 to establish a level of minimal reactivity and 16 individual
proteins met this cutoff value. We determined that 4 proteins represented low-level reactivity
(S/B 2.0-3.0), 5 proteins revealed mid-level reactivity (S/B 3.0-5.0), and 7 individual proteins

revealed high-level responses (S/B > 5.0).
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Supplementary Figure 2. Quality control evaluation of Mtb M-HD-NAPPA.

(A). Array image of protein display as assessed by anti-GST binding to Mtb 3 protein/spot M-
HD-NAPPA array. (B). Dot plot of the protein display of full Mtb M-HD-NAPPA array across
subarray and print batch. Blue bars represent median reactivity. (C). Pearson correlation of the
anti-GST expression intensity intra- and inter-slides. (D). Pearson correlation of Pool serum

binding to two slides of the M-HD-NAPPA array.
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Supplementary Figure 3. Quality control evaluation of Mtb HD-NAPPA used in

deconvolution and validation studies.

(A). Array image of protein display as assessed by anti-GST binding to single protein/spot

Mtb HD-NAPPA array. Spots that exhibit overall fluorescence intensity higher than 1x10° a.u.

exceed the cutoff of the successful protein expression (B). Dot plot of the protein display of full
Mtb HD-NAPPA array across subarray and print batch. The success protein display rate on the
multiplex HD-NAPPA were as high as 98.50% * 0.34% across 4 subarrays across two slides.
Blue bars represent median reactivity. (C). The intra-slide and inter-slide Pearson correlation
reveal great reproducibility with intra-slide subarray correlation (R=0.963) and the inter-slide
correlation (R=0.936) (D). Reproducibility testing using binding of our positive control TB+ pool

revealed excellent inter-slide Pearson correlations (0.970).
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A' ELISA QC
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Supplementary Figure 4. Mtb protein RAPID ELISA quality controls.

(A) Protein expression of the 8 selected antigens and negative control protein (Rv1553). The
target proteins were captured onto ELISA plates and the samples probed with monoclonal anti-
GST and detected via chemiluminescence to assess protein capture. All 8 targets and 1
negative control proteins were detected between 2.0 x10°6 a.u. and 1.2 x107 a.u., which is more
than 100 fold greater than our cutoff of 2.0 x 10* a.u. (blank intensity plus two time standard
deviation) and indicates good expression of the target protein. Blue bars represent the standard
deviation

(B) Serum response to negative control protein (Rv1553) across runs with an average value

of median at 4.10 + 1.39 x10* a.u with significant correlations (r>0.8;). A cutoff was then set as

12



4.0 x10* a.u post subtracting normalization of the data, which was the median response of

Rv1553 across all samples. Blue bars represent the median response.
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Supplementary Figure 5. ROC analysis according to subgroups for candidate Mtb proteins
tested via RAPID ELISA. Single hit ROC analysis (AUC>0.7, p<0.05) across four subgroups:
US/HIV-: Rv0831c (A.) and Rv2031c (B.). US/HIV+: Rv0054 (C.) and Rv3405c (D.).

SA/HIV-: Rv2031c (E.), Rv0054 (F.), Rv0831c (G.) and Rv3405c (H.). SA/HIV+: Rv3405¢

(L.).
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Supplementary Figure 6. Individual Mtb protein expression quality control on NAPPA.
(A) Array images of Individual Mtb NAPPA arrays (4,045 Mtb proteins) printed onto two

glass slides and the expression with IVTT were assessed by anti-GST binding to individual
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protein (on the right) on the NAPPA array. (B) The individual Mtb protein expression

guantification of two of both TB array 01 and TB array 02. The TB array 01 has a display rate of

91.3% to 93.7% while the TB array 02 has a display rate of 99.8% at the cutoff of 5*10° a.u.

(Master mix spots (MM) plus 3 standard deviation).
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