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What is clairneci is:

l. A method for distinguishing between active ancl latent Mycol:qcterium tuberculosis

patient suspectecl of being infected with Mycobacteriunt tuberculosis, the methocl conprising:

obtaining a gcnc oxpression dataset from a whole blood sample from the patient;

lna

5 dctermining the differential exprcssion of one or more transcriptional gene modulcs that

distinguish between infectecl patients and non-infected inclividuals, wherein the datas demonstrates all

aggregate change in the levels of polynucleotides in the one or more transcriptional

as compared to malched non-infected individuals, ancl

expression modules

distinguislring bctween active and lalent Mycobacteriuftr tuberculosis (TB) based on thc one or

10 more franscriptional gene expression modules that differentiale between latent infection.

2. The urethod of claim l, further comprising the step of

product information to formulate a diagnosis.

cletemlined comparative getre

3- The method of claim l, firrther comprising the step

product infonnation to formulate a prognosis.

the detemrined comparative gene

15 4- The methocl of claim l, further comprising the of using the determined comparative gene

procluct infonnation to fonnulate a treatment plan.

5. The method of claim l, further comprising step of distinguishing patients with latent TB from

active TB patients.

6. The method of claim l, wherein the comprises a clataset of the genes in moclules Ml.2, M1.3,

20 M1.4, M1.5, M1.8, lvl2.1, M2.4, M2.8, M3 liÁ3.2,l.l3.3,ly'.3.4,M3.6, M3.7, M3.8 or M3.9 to cletect aclive

puhnonary infection.

7. The method of claim l,

M2.6,M2.10, M3.2 orM3.3 to

the moclule comprises a clataset of the genes in modules Ml.5, M2.1,

alalent infection.

8. The rnethod of , wherein the following genes are clown-regulatecl in active pulmonary

25 infection CD3, CTLA-4, 28,ZAP-70,IL-7R, CD2, SLAlvI, CCRT and GATA-3

9. The rnethod of airn l, wherein the expression prohle of Figure 9 is indicative of active pulmonary

infection.

10. The d of claim I , wherein the expression profile of Figure I 0 is inclicative of latent infection.

I l. The of claim 1, wherein the underexpression of genes in moclules M3.4, M3.6, M3.7, M3.8

30 ancl M3.9 inclicative of active infection.
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The methocl of clairn l, wherein the overexpression of genes in moclules M3.I is indicative of

infèction.

13. The method of claim l, further comprising the step of distinguishing TB infection

bactclial infections by dctermining the gene expressiott in modules M2.2, M2.3 ancl M3 which are

other

other than5 overexpressed by the peripheral blood mononuclear cells or whole bloocl in

Mycobacleriurn.

14. The methocl of claim 1, further comprising the step of distinguishing the di al and reciprocal

tlanscriptional signatures in the blood of latent ancl aclive TB patients using

nroclules: M1.3, Ml.4, Ml.5, MI.8, MZJ,NI2.4,M2,8, M3.1, M3.2, M3.3, M3

two more of the following

.6,M3.7, M3.8 orM3.9

l0 for active puhnonary infection ancl modules Ml.5, M2.1, M2.6,M2.10, M3.3 for a latent infection.

15. The method of claim l, wherein the genes that are active pulmonary TB infection

r,ersus a trealthy patient 4re selected from Tables 7 A, 7D, 71, 7 J and

16. The methocl of claim l, wherein the genes that are in active pulmonary TB infection

versus a healthy patient are selected from Tables 7B,JC,7E, G,',7H, 7L, 7M, 7N, 70 and 7P

15 17 . The method of claim I , wherein the genes that are in latent TB infection versus a healthy

patient are selectecl from Table 8B.

18. The method of claim l, rvhereirr the are downregulatecl in latent TB itrfection velsus a

healthy patient are selected from Tables 84, 8C, 8E antl8F

19. A method for distinguishing active ancl latent Mycobacterium tuberculosis'infection in a

20 paticnt suspected of being infected with luber culosi s, the methotl comprising:

obtaining a first gene dataset obtained from a first clinical group with active

Mt c o l¡ac ler ium tuberculo s is a second gene expression dataset obtained from a second clinical

group with a latent tuberculosis infection patient ancl a thircl gene expression clataset obtainecl

from a clinical group of non- indivicluals;

25 gcnclating a

the fir'st, second and

dataset comprising the diffcrential expressiorr of gcnes bctwecn any two of

datasets; and

a unique pattem of expression/representation that is inclicative o f latent infection, aciive

infection or healthy

20 of claim 19, wherein each clinical group is separated into a rnique pattern of

30 ation for each ofthe 1 19 genes ofTable 6.
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21 . The rnethod of claim 19, wherein values for the first and third clatasets are comparecl ancl the

fbr the clataset froln the third clataset are subtractecl therefrom,

22. The methocl of claim 19, wherein values for the seconcl and thircl datasets arc

valucs for the clataset from the third dataset are subtracted therefrom.

further

30 the bloocl of

anci the

5 23. The msthocl of claim 19, further comprising the step of comparing values fbr two clatasets

and subtracting the values for the remaining dataset to distinguish betweelt a patient

patient with an active infection and a non-inf'ected individual.

latent infection, a

24. Thc methocl of claim 19, further comprising the step of using the

product information to formulate a diagnosis or a prognosis.

comparative gene

l0 25. The method of claim 19, further comprising the step of using clçtermined comparative gene

product infonnation to formulate a treatment plan.

26. The method of claim 19, further comprising the step of

active TB patients.

patients with latent TB from

27. The method of claim 19, fuilher comprising of the expression levels of the genes:

15 ST3GAL6, PAD14, TNFRSF12A, VAMP3,8R13, RGS , PILRA, NCFI, LOC652616, PLAUR(CD87),

STGLEC5, 83 GALT7, IBRDC3CNKLAIVÐ, , MMP9, ANPEP(APN), NALPl2, CSF2RA,

rL6R(CD126), RASGRP4, TNFSFl4(CD258),

underexpressecVunderrepresented in the bloocl

HK2, ARID3A, PGLYRPI(PGRP), which are

Latent TB patients but not in the blood of Healthy

inclividuals or Active TB patients,

20 28. The mothocl of claim 19,

ABCGI, SREBFl, RBPT(CRBP4),

of detcrmining the expression levcls of the genes

PGM2, SULF2, FAMTAI,

MrDlrPl(MrG-12), PSD4,

, FAMIOIB, SIOOP, LOC6493'17, UBTDI, PSTPIP-I, RENBP,

103, NDUFAFI, CESI, CYP27Al, FLJ3364I, GPR177,

l, NOV(CCN3), SGK(SGKI), CDK5Rl, LOC642035, which are

in the bloocl of Healtþ control individuals but were

25 d in the bloocl of Latent TB patients, ancl unclerexpressetl/underrepresentecl in

the blood of Active TB

29. The method claim 19, fu¡ther comprising of determining the expression levels of the genes

ARSG, LOC284 , MDM4, CRNKLI, IL8, LOC389541, CD300LB, NrN, PHKGZ, HIPI. which are

errepresented in the blood of Healthy individuals, are underexpressed/underre¡rresented in

Latent and Active TB patients.

30. method of claim 19, further comprising of determining the expression levels of the genes

P APOL6, GBPZ, GBP5, GBP4, ATF3, GCHI, VAMPs, WARS, LIMKI, NPC2, IL-15,
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LMTK2, STXI 1(FHL4), which are overexpressecl/overrepresente<l in the blood of Active TB,

unclerexplessecVunclerrepresented in the blood of Latent TB patients ancl Healthy control inilivicluals

31. The method of claim 19, further comprising of determining the expression levels of genes:

FLJl125g(DRAM), JAK2, GSDMDCl(DFsLXFKSGI0), SIPAILI, [2680400] 632),

5 ACTA}(ACTSA), KCNMBI(SLO-BETA), which are overexpressecUovenepresentecl in from Active

TB patients, and undercxprcssed/undenepresented in the blood from Latent TB paticnls Healthy control

individuals.

32. The method of claim 19, further comprising of cletermining the levels of the genes

SPTANI, KIAADIT9(Nnpl)(RRP1), FAM84B(NSE2), SELM, IL27RA, s3 4, 169 402461(1L23 A),

l0 PRKCA(PKCA), CCDC4I, CD52(CDW52), [38902411ØN404), MCC ), sox8, SYNJ2,

FLJ21127, FHIT, which are underexpresse(Uunderrepresented in the

the blood of Latent TB patienls or Healthy Control individuals.

Active TB patienls but not in

33. The method of claim 19, further comprising of the expression levels of the genes

CDKLl(p42), MICALCL, MBNL3, RHD, ST7(RAYl), [360739](PP5K2A), AMFR. FLI2247 1,

15 CRAT(CATr), PLA2G4C, ACOTT(ACTXACHI), RNFI KLRC3(NKG2E), HLA-DPBI, which are

unclerexpres s e<Vunclerrepresented in the blo od of Healtþ individuals, overexpressed/overrepresented

in the blood of the Latent TB patients, and in the blood of Active TB patients.

34. A method for clistinguishing between and latent mycobacterium tuberculosis infection ln a

patient suspecrted of being infected with tuberculosis, the methocl comprising

20 obtaining a geno oxpression dataset from a blood sample;

sorting the gene expression clataset into or more transcriptional gene exprcssion modules; ancl

mapping rhe differential expression the one or more transcriptional gene expression lnodules that

distinguish between active and Mycobacterium tuberculosis infection. thereby clistinguishing between

active and latent infection.

25 35. The methocl of 4, wherein the dataset comprises TRIM genes.

36. The method of 34, wherein the dataset comprises TRIM genes, and TRIM 5,6, 19(PML),21,

22,25,68 arc in active pulmonary TB.

37. The of claim 34, wherein the dataset comprises TRIM genes, and TRIM 28,32,51, 52,68,

in active pulmonary TB

of diagrrosing a patient with activc and latent Mycolxtcteriun luherculosls itfection in a

of bcing infcctcd with mycobacterium tuberculosis, thc mcthod comprising detecting

30 A

afe

38.

paticnt

expression of ons or û1ore ûanscriptional gene expression rnodules that distinguish between
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infected and non-ir.rlècted patients obtained from whole bloocl, wherein whole bloocl

aggregate change in the levels of polynucleotides in the one or more transcriptional gene expresstotr

as compared to rnatchecl non-infected patients, thereby distinguishing between active latent

mycobacterium tubelculosis infection.

39. The methocl of clairn 38, further comprising the step of using the determinecl

product information to fomulate a diagnosis.

40. The method of clailn 38, further comprising the step of using the

product inf'ormation to fonnulate a prognosis.

comparative gene

41. The method of claim 38, further comprising the step of using

procluct infornration to formulate a treatment plan.

comparative gene

gene

42. The method of claim 38, wherein the module comprises a of the genes in modules Ml.2,

M1.3, M1.4, Ml.5,I/tI.8, NÍ2.1,M2.4, M2.8, M3.1, M3.2,M3.3, .4,l|d3.6, M3.7, M3.8 or M3.9 to detect

active pulmonary infection.

43. The methocl of claim 38, wherein the module c a clataset of the genes in modules MI.5,

15 M2.7,M2.6,M2.10, M3.2 or M3.3 to clctect a latent

44. The melhocl of claim 38, wherein the genes are clown-regulated in active pulmonary

infection CD3, CTLA-4, CD28, ZAP -70, IL- CD2, SLAM, CCRT and GATA-3

45. The methocl of claim 38, wherein expression profile of modules of Figure 9 is diagaostic of

active puhnonary infection.

20 46. The methocl of claim 38, w the expression profile of modules of Figure l0 is cliagnostic of

lvherein the underexpression of genes in moclulcs M3.4, M3.6, N43.7, M3.8

and M3.9 is indicative of infection.

48. The method of 38, wherein the overexpression of genes in moclules M3.1 is inclicative of active

25

of claim 38, further comprising the step of distinguishing TB infection from other

bacterial ons by determining the gene expression in modules M2.2, M2.3 and M3.5, which are

by the peripheral blood mononuclear cells or w'holc blood in infeclion othcr than

30 50 The method of claim 38, further comprising the step of distinguishing the differential ancl reciprocal

latent infection.

47. The methocl of claim

infection.

49. The

ov

signatures in the blood of latent and aclive TB patients using two or more of the following
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modules: M1.3, M1.4, M1.5, M1.8, M2.1 ,M2.4,M2,8, M3.1, M3.2,M3.3, M3.4, M3.6, M3.7, M3.8 or

for aclive pulmonary infection and modules Ml.5, M2.1, M2.6,M2.70,}l43.2 or M3.3 for a latent infecti

51. A kit for diagnosing a patient with active and latent mycobacterium tuberculosis infecfion rn ent

suspected of being infected with Mycobacteriunt luberculosis, the kit comprising:

a gene oxpression detector for obtaining a gene expression dataset fi'orn the patient; and

a processor capable of comparing the gene expression to pre-defined gene moclule da distinguish

between infected and non-infected patients obtained from whole blood, wherein whole demonstrates

an aggregate change in the levels of poþucleotides in the one or more

mo<lules as comparecl to matched non-infectecl patients, thereby <listinguishing

10 l[ycobacteriunttuberculos¡¡infection.

52. A system of diagnosing a patient wilh active and latent

cornptising:

a gene expression dataset fi'om the patient; and

5

15

a processor capable of comparing the gene expressiorr to

between infected ancl non-infected patients obtained from

an aggregate change in the levels of polynucleotides in the

modules as compared to matched non-infected patients,

My c o b e c t er ium I u b er cu I o sls infection, wherein the

M2.1,M2.4, M2.8, M3.1, M3.2, M3.3, M3.4, M3.6,

gene expïesslon

active and latent

fuberculosis infection

gene module dataset that dislinguish

wherein whole blood clemonstrates

or more transcriptional gene expression

distinguishing between active and latent

are selected from M1.3, M1.4, Ml.5, Ml.8,

7, M3.8 or M3.9 for active pulmonary infection and

20 modules M1.5, M2.7,ll/12.6, M2.10, M3.2 or M3.3 a latent infection
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Claims

1. A method for distinguishing between active and tatent lÁycobacterium tuberculosis

(IB) infection in a patient suspected of being infected with T8, the method comprising:

obtaining a gene expression dataset from a whole btood sample from the patient;

determining the expression pattern of two or more genes setected from the genes listed in

Tabte 6 that distinguish between active and latent infection; and

distinguishing between active and latent TB infection based on the expression pattern of

the two or more genes.

2. The method of ctaim 1, comprising determining the expression pattern

of five or more, ten or more, or 15 or more genes setected from the genes listed in Table

6.

3. The method of ctaim 1, comprising determining the expression pattern

of the genes: 5T3GAL6, PAD14, TNFRSFI2A, VAMP3, 8R13, RGS19, PILRA, NCF1,

LOC652616, PLAUR(CD87), S|GLEC5, B3GALT7, IBRDC3(NKLAM), ALOXsAP(FLAP), MMP9,

ANpEp(ApN), NALP12, CSFzRA, tL6R(CD126), RASGRP4, TNFSF14(CD258), NCF4, HK2,

ARID3A and PGLYRPI (PGRP), which are underexpressed/underrepresented in the btood of

latent TB patients but not in the btood of heatthy individuals or active TB patients.

4. The method of ctaim 1, comprising determining the expression pattern of the

genes: PSMBS(LMP7), APOL6, GBP?, GBPS, GBP4, ATF3, GCH1, VAMPS, WARS, L|MK1, NPC2,

lL-15, LMTK2 and STX11(FHL4), which are overexpressed/overrepresented in the btood of

active TB, and underexpressed/underrepresented in the btood of latent TB patients and

healthy controt individuals.

5. The method of claim 1, comprising determining the expression pattern of the

genes: FLJl1259(DRAM) , JAK?, GSDMDCI (DF5L)(FKSG10), 5lPA|L1, 176804001(K|AA1632),

ACTA2(ACTSA) and KCNMBl (SLO-BETA), which are overexpressed/overrepresented in blood

from active TB patients, and underexpressed/underrepresented in the bl.ood from latent

TB patients and heatthy control individuals.
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6. The method of ctaim 1, comprising determining the expression pattern of the

genes: SPTANl, KIAADI 79(Nnp1 )(RRP1 ), FAM84B(NSE2), SELM, lL27RA, MRP534,

Í69 402461(r L23A), PRKCA( PKCA), CC DC41, C D52 (CDW52 ), [38902 41](2N404),

MCCC1(MCCA/B), 5OX8, SYNJ2, FLJ71127 and FHIT, which are

underexpressed/underrepresented in the btood of active TB patients but not in the blood

of latent TB patients or heatthy control individuats.


