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Figure 2. Exposure level in uences gene expression pro les. A, Analysis of tuberculin skin test (TST) converters vs nonconverters with low exposure. B, Analysis of TST
converters vs nonconverters with high exposure. Exposure was de ned based on smear grade of the index case and sleeping proximity of the contact to the index case. Only
the high-exposure group showed the B-cell signature seen when all samples were analyzed (rectangles). Depth of color indicates signi cance level, and size indicates effect.
Abbreviations: ATF, activating transcription factor; C-MYC, c-Master Regulator of Cell Cycle Entry and Proliferative Metabolism; TLR, Toll-like receptor.

Next, we analyzed reactivity to ESAT-6, dominant secretory
antigens from Mtb. Only individuals in the closest proximity
to the index case showed any di erential antibody reactivity to
ESAT-6 antigens, with the most signi cant being IgG reactivity
to Rv3875 (P = .0008). IgA reactivity to Rv3872 (P = .025) and
Rv3871 (P = .030) were both increased in converters compared
to nonconverters at baseline (Supplementary Table 2).

Metabolomic Profiling

TST converters showed a relative increase in inflammatory
biochemicals at baseline compared to nonconverters such as
9-HETE (q = 0.0005; Figure 5A). Primary bile acids such as
glycochenodeoxycholate sulfate and taurocholenate were also in-
creased in TST converters at baseline (q = 0.0024 for both; Figure
5B [taurocholenate shown]). Kynurenine was elevated in con-
verters compared to nonconverters at 3 months, but differences
were not significant after correcting for FDR (Supplementary
Table 3). In nonconverters, increases were observed for pimelate,
suberate, azelate, and undecanedioate at 3 months compared
to baseline, with trends toward an increase in dodecanedioate

and eicosanodioate, consistent with changes in omega-
oxidation. Significantly higher levels in biochemicals related
to beta-oxidation (eg, medium-chain or long-chain fatty acids,
acylcarnitines, and the ketone body 3-hydroxybutyrate) and in
arginine and homoarginine were seen in converters compared
to nonconverters at both baseline and 3 months (Supplementary
Table 3). There was also a significantly lower relative abun-
dance in alpha-ketoglutarate and a higher relative abundance in
homocitrulline in converters compared to nonconverters at base-
line only (Supplementary Table 3). One of the few metabolites
that was higher in TST nonconverters compared to converters
was pantothenate (vitamin B5), with a normalized median (inter-
quartile range) of 1.03 (0.81 1.22) compared to 0.87 (0.78 0.99)
for the converters (q = 0.0060; Figure 5C).

DISCUSSION

We characterized host transcriptomic, metabolomic, and
antibody responses to Mtb in TST nonconverters and con-
verters prior to any signs of infection as determined by current
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Antigen Description AUC NC
A. Rv3223c Alternative RNA polymerase SigH 0.95 -0.08
Rv3825¢ Polyketide synthase Pks2 0.95 -0.11
Rv2970 Hypothetical protein 0.93 -0.01
IgG Rv3299c¢ Probable arylsulfatase AtsB 0.93 -0.14
Baseline Rv1469 Probable cation transporter P-type 0.21 -0.17
Rv0101 Probable peptide synthetase Nrp 0.91 -0.07
Rv0006 DNA gyrase (subunit A) 0.91 -0.31
Rv2842¢c Hypothetical protein 0.89 0.03
Rv1575 Probable PhiRv1 phage protein 0.86 0.02
Rv1207 Dihydropteroate synthase 2 FolP2 0.86 -0.11
B. Antigen Description AUC NC
Rv0134 Possible epoxide hydrolase EphF 1.00 -0.36
Rv0629¢  Probable exonuclease V (alpha chain) 0.98 -0.33
IQA_ Rv2188c Mannosyltransferse PimB 0.98 -0.39
Baseline | ¢,1041¢ Probable is like-2 transferase 0.95 -0.34
Rv3507 PE-PGRS family protein PE_PGRS53 0.95 -0.07
Rv0710 30S ribosomal protein $S17 RpsQ 0.95 -0.15
Rv3596¢ Probable ATP-dependent protease 0.93 -0.55
Rv2842¢ Hypothetical protein 0.93 -0.24
Rv3666¢  Probable periplasmic lipoprotein DppA 0.93 0.63
Rv3805¢ Putative ESAT-6 like protein EsxF 0.93 -0.44
C. i Description
Rv1223c Serine protease 0.90
Rv3541c Hypothetical protein 0.90
Rv3705¢ Hypothetical protein 0.88
Rv2664 Hypothetical protein 0.85
IgG Rv1187 Carboxylate dehydrogenase 0.82
3-months | Rv3708¢c Aspartic aldehyde dehydrogenase 0.17
Rv2946¢c Probable polyketide 0.12
Rv1718 Hypothetical protein 0.12
Rv2933 Polyketide synthase 0.10
Rv3604c Transmembrane protein 0.86
D. i Description
Rv0037¢ Integral membrane protein 1.00
Rv3596¢ Probable ATP-dependent protease 0.95
Rv1280c Oligopeptide binding lipoprotein 0.95
Rv1193 Fatty acid CoA synthase 0.92
IgA Rv0603 Possible exported protein 0.92
3-months | Rv0253 Nitrate reductase 0.88
Rv1853 Urease accessory protein 0.88
Rv0830 Methyltransferase 0.12
Rv0066¢ Isocitrate dehydrogenase 0.10
Rv3454 Integral membrane protein 0.10

Figure 3. Differential antibody responses to the Mycobacterium tuberculosis (Mtb) proteome. Analysis of IgG (A and C) and IgA (B and D) antibody responses to Mth
antigens at baseline (A and B) and 3 months (C and D). The most differentially expressed antibodies are shown. Red indicates the group with the highest response.
Abbreviations: AUC, area under the curve; C, converters; Ig, immunoglobulin; NC, nonconverters.

methods. We have previously shown higher levels of soluble in-
terleukin (IL)-17 in nonconverters at baseline [21], suggesting
they have encountered Mtb and mounted an immune response
and are not simply anergic to antigens in the current tests and
that Mtb was not blocked by physiological barriers. In this study,
we identified a distinct antigen-specific antibody signature re-
flected by differential antibody responses in TST converters and
nonconverters to multiple Mtb antigens. Intriguingly, defining
infection based on QFT rather than TST revealed a distinct type
I IFN/antiviral gene signature.

Analysis of RNA from TST converters and nonconverters at
baseline highlighted several di erentially expressed genes.  ese
included CXCL9 and BNIP3L, which were both upregulated
in converters. CXCL9 is a T-cell chemoattractant induced by
IFN- , which has been shown to exacerbate pathology in se-
vere TB disease [22]. BNIP3L (BCL2 interacting protein 3 like)
is a proapoptotic protein whose substrate is PARK2, which in
turn is important for the ubiquitination and clearance of Mth
[23]. We also observed upregulation of SLC14A1, which is in-
volved in urea transport, and of LCNZ2, which is involved in iron
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Figure 4. Mycobacterium tuberculosis (Mth) antigens with the highest reactivity. Analysis of IgG (A and C) and IgA (B and D) antibody responses to Mth antigens at baseline
(A and B) and 3 months (C and D). The antibodies showing the highest responses are shown. Red indicates the group with the highest response. Abbreviations: AUC, area
under the curve; C, converters; Ig, immunoglobulin; NA, not applicable; NC, nonconverters.

sequestration and innate immunity in converters prior to con-
version. Polymorphisms in SLC14A1 have been shown to be
associated with susceptibility to TB [24], while LCN2 (lipocalin
2) has been shown to confer a growth advantage on Mtb in the
early stages of infection by supplying a source of iron to Mtb in
infected macrophages [25]. When modular analysis was per-
formed, we observed a signi cant enrichment of B-cell genes in

TST nonconverters compared to converters, while converters had
enrichment of monocyte genes and TLR8-BAFF, which is impor-
tant in the early airway epithelial response to Mtb [26]. e B-cell
genes of interest included CD72, which is thought to mediate
B cell T cell interaction, and CD19, CD22, CD24, and CD200,
which are all phenotypic/maturation markers. High-a nity FCR
genes are enriched in active TB compared to latent TB [27] and
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