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Introduction

TuberculosigTB) is abacterialdiseas@rimarily causedy infectionwith Mycobacterium
tuberculosis. In 2014 anestimated.6million peopledeveloped B and1.5million diedfrom
thediseaséincluding 400,00@eathsamongHIV-positive individuals).In addition, approxi-
mately480,000multidrug resistanfTB (MDR-TB) casesverereported[1]. Until aprotective
TBvaccinds developedaccurataliagnosisand effectivetreatmentarethe mostusefultools
availablegor controlling this disease.

LatentTB infection (LTBI) is definedasa stateof persistenimmune responseo stimula-
tion by M. tuberculosis antigenswithout evidenceof clinically manifestecactiveTB [2, 3]. Per-
sonswith LTBI havenegativebacteriologicatestsandthe presumptivediagnosigs basedn a
positiveresultof eitheraskin (tuberculinskintest, TST)or blood (interferon-gammaelease
assaylGRA) testindicatinganimmuneresponse&o M. tuberculosis infection. Therearetreat-
mentregimenghat canreducebut not eliminatetherisk of reactivationdiseasén individuals
with LTBI, but suchprophylactictherapyinvolvestakingantibioticsfor up to 9 months,and
carriesasmallrisk of seriouspr evenfatal,side-effectin thesel ST/IGRA-positivandividuals
only suspectedf havingLTBI. At presentadirectmeasurementool for LTBI in humansis
currentlyunavailablg?2, 3], andthe inability to identify the populationof individualswith
LTBI constitutesamajorimpedimentto TB control efforts[4]. An Institute of Medicinereport
concludedhat the developmenbf newdiagnosticghat candistinguishthetruly infectedindi-
vidualsfrom thosewho areexposedut self-cured/falspositivewill bethe keyto ultimately
eliminatingTB [5].

Proteinsexpressednder stressareubiquitousin natureandtheyplayanimportantrolein
helpingbacterialcellsto surviveunderextremeconditions.lt is hypothesizedhatthe primary
locationfor latentM. tuberculosis bacilliis the granulomaandwithin thesestructuresthe bac-
teriaareexposedo adverseonditionsincluding hypoxicstresslow pH, hydrolyticenzymes,
toxic fatty acidsandreactiveoxygenradicals.To survive bacilli upregulatestress-response
proteinsincluding chaperoneandtransportproteinsassociatewith pH control, metabolite
movementandlipid metabolisn[6x9]. The M. tuberculosis Rv2031c geneencodedspX
(alsoknown asa-crystallin,Acr, or the 16-kDaantigen)whichis expresseduring stationary
growth,underhypoxia,andlow pH, similarto conditionspresentwithin areasf somegranu-
lomas[10]. HspXmaybeanimportant elementof M. tuberculosis replicationcontrol in the
granulomasinceits over-expressiomhibits M. tuberculosis growth[11+13].

Theuseof aserodiagnostitestfor TB wasanalyzedy Limongi etal.[14], whoreported
that specificanti-HspXIgA in pleuralfluid samplesvasusefulto discriminatebetweerpleural
effusiondueto TB andotherpulmonarydiseaseSimilarly,detectionof I9gG, IgA, andIgM
antibodiesagainsthe M. tuberculosis16-kDaantigenwereevaluatedy ELISAasadiagnostic
tool in serafrom TB patientsandhealthysubjectg§15]. A combinationof thethreeisotypes
gaveasensitivityof 83%and specificityof 93%while precipitatedcirculatingimmune com-
plexeof theseantibodiesmprovedthe sensitivityto 97.5%Interestingly Steingaretal.[16]
reportedacommercialantibodydetectiontestfor the diagnosisof pulmonaryTB that detects
IgG againsthe M. tuberculosis 38-kDaand 16-kDaantigensput doesnot includethe detec-
tion of IgM.

Alternatively two groupshavereportedthat theyareexaminingdirect detectionof M.
tuberculosis antigengeleasednto bodyfluids, howeverthoseteststargetabundantnon-spe-
cific mycobacteriatellwall componentslipoarabinomannar(LAM) in urine [17,18]. The
relativereluctanceof investigatordo employthe detectionof alow abundancesecretegrotein
asadiagnostids dueto uncertaintyasto whatspecificantigensaremostappropriate andthe
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expectatiorthatthesedactorsmayonly bepresentn verylow amountsin serum,especiallyn
thecaseof LTBI.

AsdescribedHspXis producedexclusivelduring periodsof bacterialstressincluding sur-
vivalwithin granulomag19]. In that study,naphtholred-taggednti-HspXmonoclonalanti-
bodyhighlightedthe presencef HspX protein on bacterialoutermembranesvithin guinea
pig earlygranulomagq3 weeksafterinfection) andlatergranulomag10weekspost-infection).
Basedn theseand otherunpublishedstudiesjt wasexpectedhatthis protein would bepres-
entin patientserain picogram/mito femtogram/mliconcentrationstheoreticallydetectable
amountsby ultra-sensitivedetectionsystemsin this study,wereporton successfudetection
of anti-HspXantibodiesandHspX proteinin LTBI patientseraandstatisticallydetermine
diagnostigotential.

Materials and methods
Ethics statement

Thepresentstudyandthe consentproceduresverespecificallyapprovedoy the ReviewBoard
of the NationalResearciCommissionof Instituto Mexicanodel SegurdSocialwith approval
number:R-2011-1906-4ih Mexicoand The Universityof GeorgiaEmoryUniversityandthe
DeKalbCounty,Georgiaand Boardof HealthInstitutional ReviewBoardsin United Stateof
America.

Study populations

Anti-HspX antibody detection ELISA. Serumsample®f 98adultswereprovidedbythe
Centerfor ResearchPreventionand Treatmentof Respiratoryinfections(CIPTIR) Hospital
Universitario"Dr. JoZEleuterioGonzAez" in Monterrey,Mexico.All of theindividuals
signedaninformed consenteforesampling Patientswvereclassifiednto four groups:Group
1:activeTB, positivetuberculintest(PPD+,(indurationgreaterthan 10mm), positiveinter-
feron-gammaeleas@ssayQuantiFERONY, QF T+), positivesmeartestand positivemicro-
organismculture (n = 28);Group 2: LTBI, PPD+,contactwith activeTB person{COMBE+),
with or without history of TB in thefamily (n = 30);Group 3: uninfectedindividuals,negative
tuberculintest(PPD-)andabsencef symptomgn = 15);and Group 4: unknown status,
inconsistentesultsbetweertests(n = 25).

Luminex xXMAP " HspX protein detection ELISA. Sixtyadultswereenrolledatthe
DeKalbCounty (GeorgiaUSA) Boardof HealthRefugedrogram/Refuge€linic, and TB
andLTBI clinics.Studententeringthe Emory University Schoolof Medicinewerea sourceof
uninfectedcontrols.All individualssignedaninformed consenteforesampling However,
unlike the anti-HspXantibodydetectionELISA patientswereclassifiednto only three
groups:Group 1: activeTB, positivetuberculintest(PPD+,induration greateithan 10mm) or
positiveinterferon-gammaeleasassayQuantiFERONY, QFT+), positivesmeartestand
positivemicroorganismculture (n = 13);Group 2: LTBI, PPD+,contactwith activeTB persons
(COMBE-+),with or without historyof TB in the family (n = 23);and Group 3: uninfected
individuals,negativeuberculintest(PPD-)andabsencef symptomgn = 24).

All bloodsampleg10ml) werecollectedby venipuncture allowedto clot atroom tempera-
ture (20+25ECandthen centrifugedaccordingto the clinical and LaboratoryStandardsnsti-
tute (CLSI-ApprovedStandard-Procedurdsr the collectionof DiagnosticBlood Specimens
by Venipuncture H3-A4, 1998) The serumwasseparate@ndfrozen(-20ECuntil analysis
wasperformed.
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Construction of recombinant plasmid pET-23b(+)hspX

Thesequencef Rv2031c (TB databaseGB: AL123456)wasusedto designprimers.The
sequencer Hindlll and Xhol cleavagsiteswereaddedto the5' endof forward PHspXF
(AAGCTTATGGCCACCACCCTTCCC) andreversePHspXR(CTCGAGGTTGGTGGACCGGAT
CT) primers,respectivelybold letterscorrespondo restrictionsites).Thesequencencoding
for M. tuberculosis hspX gene(Rv2031c) wasPCRamplifiedfrom the M. tuberculosis H37Rv
genomeusinga hot-startenzyme(Platinum®™TagDNA Polymerasejnd subclonednto aC-
terminal His-tagpET23b(+)vector(NovagenusingHindlll andXhol restrictionssitesfollow-
ing manufacturetinstructions.CompetentEscherichia coli BL21(DE3)pLysSPromegawas
transformedwith the plasmidcontainingthe hspX gene Recombinanbacteriaweregrownin
LB broth for 1.5hr at37EGwith shakingand subsequentl00ul of culturewereplatedon LB
agar(Invitogen,CarlsbadCA) with ampicillin (100ug/ml) (Amp*°) andchloramphenicol
(50ug/ml) (Cant). Subsequentlyhe pET-23b(+)hspXvectorwaspurified usingWizard®~
PlusSVMinipreps ADN Purification Systen(PromegeCorporation,Madison,WI) with a
subsequergequenceonfirmationstep.

Production and purification of the recombinant HspX protein

RecombinantHspX proteinwaspurified from BL21(DE3) pLyscellstransformedwith
pPET23b(+)hspX Briefly,arecombinantclonewasgrownovernightin 3.5ml of LB broth with
Amp*®and Cant®with shaking(200rpm). Threemilliliters of bacterialsuspensionvere
inoculatedinto 300ml of freshLB broth with Amp°°and Cant®andincubatedat 37EGwith
shaking(200rpm) to ODggo= 0.5.TheculturewaslPTG-induced(final concentrationof 1
mM) for 3 hr with shaking(200rpm) at 37ECPurified protein wasobtainedusingaffinity
chromatographywith aNi+ binding columnanddialysis Eachpurification stepwascon-
firmed on a14%SDS-PAGEFinal concentrationof purified recombinantHspXwas0.66mg/
ml.

NativeHspX protein, obtainedfrom BEI Resourced)asa predictedmolecularmassof
16-kDa,while therHspX hasapredictedmolecularmassof approximately20-kDadueto the
addedupstreamT7 taganddownstreant-Histag.

Detection of HspX recombinant protein by western blot

Purified protein (0.36mg/ml) wasresolvedy 14%SDS-PAGESubsequentlyroteinswere
transferredo anitrocellulosemembraneat 35V and4ECovernight(Mini Trans-BlotCell
(Bio-Rad).Themembranewvasincubatedwith blockingbuffer (PBSLX, 5%skim milk, 0.1%
Tween20)overnightwith orbital shaking(4EC150rpm), andwashedb X with PBS-T1X (PBS
1X,0.1%Tween20). Themembranewasincubatedwith 50ml of a1:100dilution of anti-
HspXmonoclonalantibody(clonelT-20 NR-13607from BEIResourcesysprimary antibody
at4EQwith shaking(150rpm) overnight.After 5X washe$10min each)with 1X PBS-T50ml
of the polyclonalsecondanantibody(1:150Qilution) goatanti-mouselgG conjugatedvith
HRP (Abcam,Cambridge UK) wasaddedandincubatedfor 2 hr at4E Cfollowedby 5X
washesvith 1X PBS-T Finally,protein wasdetectedby chemiluminescencasingthe Super-
Signal*WestPicoChemiluminiscentSubstratéPierceBiotechnologyRockford,IL) following
manufacturerAsecommendations.

Analysis of cross-reacting M. tuberculosis HspX homologs

An in silico analysisvasperformedto identify proteinshomologougo M. tuberculosis HspX.
Theresultingprotein sequenceserecomparedusingprogramDNASTARto obtainthe
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percentagef similarity anddivergenceavith HspX (S1land S2Tables)Mycobacteriabenomes
selectedor analysisvere:M. tuberculosis H37RV,M. bovis BCG,M. bovis, M. scrofulaceum,

M. kansasii, M. intracellulare, M. smegmatis, M. rhodesiae, M. fortuitum, M. vaccae, M. avium,
and M. tuberculosis BeijinggenotypeBacteriaveregrownon 30ml Middlebrook 7H9 +

OADC broth during 20daysat37EQn sealedubesto favoroxygendepletionconditions[8];
exceptM. tuberculosis Beijing,cultureswereharvestedfter7 days Harvestedtcellswereresus-
pendedn 1 ml of TBS(100mM, pH 7.4,0.5%Triton X-100and EDTA-freeproteasenhibitor
cocktail(BoehringetManheim,Germany)andlysedin aFastPref’ instrumentusing3 cycles
of 45secat speed with coolingon ice betweerruns. Cross-reactionwasanalyzedy western
blot asdescribedreviouslyusing0.36mg/ml of protein of eachlysate.

Detection of IgG and IgM antibodies against HspX protein in TB patient
sera by ELISA

Microplates(96-well)coatedwith nickel (Thermo ScientificNunc Immobilizer NickelDChe-
late,Waltham,MA) werepre-washe®X (300ul/well) with PBST(PBS+ 0.05%Tween20and
coveredwith 50ul of 10pg/ml purified recombinantprotein HspX-His previouslydissolvedn
KCI 0.01M. Platesvereincubatedat 4EQwith shaking(450rpm) overnight.Plategshenwere
washedX with 300ul PBSTandblockedwith 300ul of 5%skim milk for 2 hr, followedby 3
washesvith PBST(300ul ea.) Preparedlateswvereloadedwith 100pul perwell of patient
serum(1:50dilution in1%skim milk) andincubatedat 37ECQor 90min. After incubation,the
platesverewashedvith PBST(3 x 300ul) and100ul of secondanantibody-HRP(goatanti-
humanigM at1:10,00@r anti-humanlgG at 1:30,000§SigmaAldrich) wereaddedandincu-
batedfor 1 hr at 37ECPlatesverewashedagainwith PBST(3 x 300ul) and 100yl of Sigma
FastOPD solution(PeroxidassubstrateSigmaAldrich, StLouis,MO) wasaddedto each
well. After 30min incubation,the reactionwasstoppedwith 50l of 3N sulfuricacid.ELISA
absorbanceeadingsat492nm weretakenusingamicroplatereaderSynergy2 (BioTek,Inc.,
Winooski, VT).

Detection of HspX protein in TB patient sera by Luminex xMAP $ead
capture ELISA

A collectionof 30mouseanti-M. tuberculosis HspX (GeneRv2031) monoclonalantibodies,
including IT-20 (NR-13607)|T-49 (NR-13814)andIT-50 (NR-13815)btainedfrom BEI
ResourceblIH NIAID, werescreenedor optimal sensitivityand specificityin aLuminex
XMAP™®/Magpix (Luminexcorp, Austin, TX) bead-captur&LISAsysten]20,21]. This sys-
temwasusedto further enhanceletectionsensitivitycomparedo standardeLISA.The
selectedntibodypair, IT-20 (IgG1x)and PAC326(lgG2ax)(kindly providedby D. Bagarrozi,
CDC), generatecdgainstHspX protein, werefound to producestrongreactivitysignalswith
routine detectionof nativeor rHspXin spikedserain the 1+10pg/ml range Luminexprovides
kits of amine-reactivparamagnetifluorescenmicrospheresnagnetizeceadsandaflow
cytometryassayletectiondevice(Magpix) asan openplatform uponwhich researctgroups
candevelopcustomassayssingtheir own reagentsAssaymethodsrecommendedy the
manufacturemwereemployedCarboxylatedeadsvereactivatedvith anxMAP Antibody
CouplingKit (Luminexcorp,Austin, TX) andcovalentlyconjugatedvith anti-HspXantibody,
clonelT-20, accordingto manufacturer'snstructions.Captureantibody-coatedeadsvere
reactedwith sample®r rHspX-spikedstandardsaind subsequentlincubatedwith anti-HspX
reporterantibody,clonePAC326whichwaspreviouslybiotinylatedwith an EZ-Link Micro
NHS-PEO4-BiotinylatiorKit (PierceBiotechnologyRockford,IL). Beadsverethendevel-
opedwith PhycoLink® Streptavidin-R-Phyaerythrin (ProZyme Hayward,CA). Datawere
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collectedon aMagpixinstrumentusingkPONENTYV.4.2(Luminexcorp)andanalyzedvith
Milliplex® Analystsoftwarey.5.1(EMD Millipore, Billerica,MA).

Statistical analysis

Anti-HspX antibody detection ELISA. Measure®f centraltendencyandvariabilitywere
calculatedrom the absorbancealuesof anti-HspXIgG andIgM. The normality testk2
D'Agostino-Pearsomvasusedto assesdata.Differencesdetweergroupswereanalyzedy the
Kruskal-Wallisand Dunn'stests.To determinea cutoff valueto distinguishdifferentstagef
TBinfection ReceiveOperatingCharacteristi¢gROC) curveanalysisisingSPS$Sersion11.0
wasusedAll testswerecalculatedvith a0.050f significancdevelandcorrectedusingthe Bon-
ferroni method(0.0083).

Luminex HspX protein detection ELISA. Normality testusingShapiro-Wilkstatistical
analysisvasp < 0.050Furthernonparametrickruskal-WallisOne Way Analysisof Variance
(ANOVA) on Ranksywith all pairwisemultiple comparisorproceduresisingDunn’s Method
showedp < 0.05for LTBI vsactiveTB groups p<0.05for control vsactivegroups,and
p>0.05for LTBI vsuninfectedgroups.

Results
Immunodetection of rHspX

To examinepotentialcross-reactivityvith homologougroteinsfrom relatedbacteriaywhole
celllysatedrom strainslistedin Materialsandmethodssectionwerepreparedandwestern
blot analysigperformed.Anti-HspX monoclonalantibodied T-20 only recognizedhe recom-
binant HspX proteinand HspX from M. tuberculosis strainH37Rvlysate(S3and S4Figs).The
Luminexbeadcaptureassayletectecho HspXproteinin stationaryphaseculturesuperna-
tantsfrom Mycobacterium speciepossessingrotein sequencesimilarto M. tuberculosis,
including M. rhodesiae, M. kansasii, M. fortuitum and M. vaccae. Interestingly no crossreac-
tivity wasdetectedn culture supernatantérom M. bovis BCG.M. tuberculosis Beijinghar-
vestedn log phasedid not producedetectablédspX.

Detection of IgG and IgM antibodies against HspX protein in serum of
patients by ELISA

Anti-HspX 1gG andIgM antibodiesveredetectedn serafrom patientsclassifiechsactiveTB,
LTBI, unknown statuspr uninfectedindividuals.For theantibodyELISA levelsof IgG and
IgM antibodiesweresimilar betweemon-infectedandactiveTB patients However thelevel
of reactionby the IgM antibodieswasstatisticallyhigher(p = 0.003)in individualsclassified
with LTBI versusndividualswith diagnosedctiveTB (Fig 1A). While IgG antibodiesagainst
HspXweredetectedn serafrom all groupsexaminedtherewereno significantdifferencesn
levelof reactionamongthe groups(Fig 1B).

SeparatingecentlyinfectedLTBI (rLTBI) patientsfrom all other LTBI patientsaccording
to Rabahietal.[22], significantdifferencedbetweengM antibodiegFig 2A) or 19G (Fig 2B)
from individualswith rLTBI comparedo all othergroupswasobservedROCcurveanalysis
basedn OD 44, valuegproduceda cutoff point of 1.7for IgG antibodiesand a cutoff of 1.2for
IgM antibodiego identify anrLTBI patient.

Detection of HspX protein in patient sera by ELISA

PBSandpoolednormal humansera(NHS) werespikedwith varyingconcentrationsof
rHspX. Using ECLchemiluminescenELISA detectionlimits of 10pg/mlin PBSand
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Fig 1. Detection of anti- HspX IgM and IgG in human sera by ELISA. Optical densities (492 nm) of IgM (A)
or IgG antibodies (B) against recombinant HspX protein in individuals classified as active TB, unknown,
uninfected and LTBI.

https://abi.org/10.1371durnal.por.0181714.¢0L

100pg/mlin NHSwereattained.Subsequentlyserumsamplesvereassessefiom 5human
patientswith recentlydiagnosedctiveTB diseasand prior to initiation of anti-mycobacterial
therapy,5 TST-positivesuspectedl TBI casesand5 healthyTST-negativéndividuals.In this
study,4 of 5 humanserumsamplegrom individualswith activeTB diseaseverepositivewhile
uninfectedcontrolswerebelowdetectabldevelsin the suspected TBI group,2 of 5 samples
testedpositive.

Detection of HspX protein in patient sera by Luminex xMAP Shead-
capture ELISA

Twenty-four TSTnegativecontrol serawerescreenedor HspXandamedianlevelof 470pg/
ml wasdetectedFig 3). Of the 23 putativesamplegrom LTBI patients,13of 23samples
(56.5%)scoredgreaterthan 1 standarddeviationabovethe backgroundmedianwith an
averagef 9,900pg/mhndarangeof 1,000to0 36,00Qpg/ml. Zero of 13samplegrom patients
with culture-confirmedactivediseaseasesontainedevelsof HspXabovethe background

median.
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Fig 2. ELISA detection of anti-HspX IgM and IgG in serum of re-classified individuals. Optical densities
(492 nm) of IgM (A) or IgG antibodies (B) against recombinant HspX in persons classified as active TB,
unknown, uninfected, LTBI or rLTBI.

https://abi.org/10.1371durnal.por.0181714.902
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Fig 3. Scatter plot of HspX detection in clinical TB groups by Luminex bead-capture ELISA. Median for
each group: uninfected 470 pg/ml, LTBI 860pg/ml and active TB 40 pg/ml. Normality test using Shapiro-Wilk
statistical analysiswas p  0.050. Further nonparametric Kruskal-Wallis One Way Analysis of Variance
(ANOVA) on Ranks, with all pairwise multiple comparison procedures using Dunn’s Method showedp  0.05
for LTBI versus active TB groups, p  0.05 for uninfected versus active groups, and p ! 0.05 for LTBI versus
uninfected groups.

https://abi.org/10.1371durnal.por.0181714.908

Discussion

Thegoalof thesestudieswvasto determinethe sensitivityand specificityof diagnostic
approachebasediponthedirectdetectionof antibodiesagainstM. tuberculosis latency-asso-
ciatedalpha-crystallifHspX) protein or uponthe detectionof the HspX proteinitselfin sera
from individualswith suspectethtentTB infection (LTBI).

Successfudetectionandtreatmentof individualswith LTBI constitutesamajorimpedi-
mentof worldwide TB control efforts.Although treatmentsor LTBI mayexist,therecurrently
areno specificdiagnosticgor theidentification of casedn orderto assestherapeuticefficacy;
thelackof suitablebiomarkersfor mycobacterialatencyis the major shortcomingof this
effort. As afirst steptowardsdevelopmenbf aLTBI diagnostidestbasedn targetingspecific
biomarkerswepresenidataexaminingdetectionof the M. tuberculosis HspXproteinin
patientseraThis secretegoroductbelonggo the alphacrystallinsuperfamilyof smallheat
shockstresgproteins[23]. Investigatordavereferredto HspXasalargelyrestrictedproteinin
individualswith LTBI [24]. In the presentstudy,lgG andIgM antibodiesproducedagainsthe
HspX protein,andthe proteinitselfwereseparatelpssayet serafrom confirmedactive
casessuspectedl TBI patients anduninfectedhealthycontrols.

Rabahietal.[22] studiedthe humoralresponsagainstHspXand GlcBproteinsfrom M.
tuberculosis in healthcareworkers,dividing populationinto threegroupsaccordingto TST
resultsuninfected(negativePPD,previousLTBI (positivePPD)andrecentLTBI (positive
PPDconversionwithin oneyear).Theyfound no differencesn levelsof IgG andIgM antibod-
iesdetectedagainstboth proteinsin all threegroupsof individuals.However the meanvalues
for anti-HspXIgM weresignificantlyhigheramonghealthcareworkerspreviouslyinfected
comparedo uninfectedcontrols,suggesting possibleole for this antigenin identifying
recentLTBI patients.Our resultsshowedsimilar ELISAvaluedor anti-HspXIgG andIgM in
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serafrom LTBI patientsversusactiveTB,andin LTBI patientsversusuninfectedand
unknown statusgroups.However whenwereclassifiedhe groupsto discriminatebetween
activeTB andLTBI, including recentLTBI (rLTBI) assuggestedy Rabahietl.[22], wefound
asignificantdifferencein IgG andIgM levelshetweerindividualswith rLTBI andall the other
groups.TheROCanalysishowssensitivityand a specificityof 100%with acut off 1.7for IgG
and1.2for IgM (Fig 2). Interestingly the recent-LTBIsubgroupincludedonly healthcare
workerswith continuousexposurgo M. tuberculosis bacilli or its antigensTheseresultsagree
with the observationdy Rabahietal.[22] and supporttheideaof assayindor anti-HspXanti-
bodiesasamarkerto identify recentLTBI.

Developmenof the antigendetectionassayequiredtheinitial screerof severatiozen
anti-HspXmonoclonalantibodiesandthe subsequentdentification of the optimal capture
anddetectionpair for usein the LuminexxMAP®bead-captur&LISAsystemIn our study,
130f 23TST-positivesuspected TBI case$56.5%scoredonestandarddeviationabovethe
medianof the uninfectedcontrol populationfor the presencef serumHspX. Thesizeof the
error barin Fig 3 andthusthevariationin detectedantigenlevelamongthe suspected TBI
patientswasexpectedconfirming the hypothesighat LTBI is not a singlestageof diseasehut
aspectrumanddemonstratingmore clearlythatthe TSTandIGRA testscannotaccurately
diagnoset. Thesedataprovidedsupportfor theimplementationof asecondargerongoing
trial. Additionally, in the preliminary experimentjt wasobservedhat4 of 5 serafrom individ-
ualswith culture-positiveactiveinfectionscontainedmeasurabléispX. Thosedatacontradict
theresultsfrom this mostrecentstudythat showall 13activecasehiaveundetectabléispX
serumlevelsinterestingly samplesn the preliminary studywerecollectedorior to theinitia-
tion of antimicrobialtherapywhile all 13samplesisedin this Luminexstudywerefrom active
diseas@atientswith atleastfive monthsof standardtherapy.Thus,the antigendetection
assayalsomaybeusefulfor assessinguccessfuteatmentregimensStudiesarebeinginiti-
atedto examinethis potential.

A concernregardingthe useof HspX asthetargetfor theseassayss the potentialfor cross
reactivitywith antigendrom closelyrelatedspecieslt washypothesizedhatantibodies
againstsomeantigenicsiteson the M. tuberculosis HspX protein maysharehomologywith
similar proteinsfrom specie®f environmentalmycobacteriaandthat all antigenicsites
shouldcross-reactvith the sequence-identicgiroteinsfrom M. bovis and M. bovis BCG
[25]. To confirm this,immunoblot assaysf serafrom cattleinfectionsshowedreactivityto
threeantigensof 26,22and 16kDa; howeverthe antibodyreactivitiedo the 22and 16 kDa
proteinscouldbedueto thetuberculintest,becauseeactivitywasevidentimmediatelyfol-
lowing tuberculintestingof the animals[26]. In our studieswesterrblot analysif cell
lysategrom differentspecie®f mycobacterigrownunderlaboratoryoxygendepletioncon-
firmed the publishedreportsanddid not showcrossreactivitywith the environmentaimyco-
bacteriaanddid not crossreactwith M. bovis. Only HspX proteinfrom M. tuberculosis
H37Rvcelllysatewaspositivefor the anti-HspXantibodiesIt wasexpectedhat M. tubercu-
losis Beijingwasrecognizedy anti-HspXantibodieslt is likely thatthe logarithmicphase
growth conditionsratherthanthe strainitselfwasresponsibldor thelackof HspX detection
in our assayfs]. It wasencouragingo notethatno significantlevelsof crossreactivitywere
detectechmongthe M. tuberculosis-complexspeciegxaminedlnterestingly aswith the
westerrblots,crossreactivitybetweenM. tuberculosis and M. bovis (or BCG)HspX proteins
wereexpectedbut not detectedThisfinding couldrepresentdifferencein HspXexpres-
sionandsecretiorpathwaydetweenM. tuberculosis and M. bovis in vitro versusn vivo, and
is beingactivelyinvestigated.

Regardingpotentialcrossreactivitywith the BCGvaccineGeluketal.[27] found thatindi-
vidualsinfectedwith or exposedo M. tuberculosis respondedvellto HspXin the ELISPOT
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assaywhile M. tuberculosis-unexposedndividuals,including BCG-vaccinatethdividuals
without anyknown exposureo M. tuberculosis hadsignificantlylowerresponset HspX.

In the samepaper similar resultswereobtainedwith BCG-immunizedmice,all suggesting
that HspX expressiorby BCGaftervaccinations low andunlikely to produceasignificant
immuneresponsagainsHspX.Rabahietal.[22] alsoreportedno differencesn IgM humoral
responseto HspXin BCG-vaccinatedndunvaccinatedndividuals.Slobbeetal.[28] demon-
stratedthat BCGbacilli do not remainviablefor morethanthreemonthspost-vaccination,
andit will not secretdHspXin thehost. Thus,it is not expectedhat significantlevelsof anti-
HspXantibodiesor the HspX proteinitselfwould be presenin BCG-vaccinateéhdividuals,
andthelikelihood of falsepositiveds low. Nonethelesgyngoingstudieswill attemptto reduce
potentialsourceof backgroundoy multiplexingthe assaysvith additional M. tuberculosis
complex-specifitargetantibodiesand antigenssuchasfor ESAT-6and M. tuberculosis-spe-
cific cellwall glycans.

In conclusionthesetestshavethe potentialto distinguishbetweerpatientsthataretruly
infectedwith M. tuberculosis from thosewho havemerelybeenexposedo non-tuberculous
mycobacteriar havebeenvaccinatedvith BCG.It is proposedhatboth of thesetestshe
run in tandemsincethe Luminextestwould detectbacterialantigensratherthanthe host
immuneresponseo the bacillus,and shouldhavethe potentialto identify M. tuberculosis
infectionin subjectsvith compromisedmmune systemssuchasthosewith HIV/AIDS.
Concomitantly the ELISAtestdetectingthe presencef antibodywould bemore sensitive
andthusidentify LTBI casesvith lowernumbersof infectingbacilli sincetherelikely is a
detectionlimit for the LuminexassayThe mostexcitingpossibilityis that both testsmay
identify individualswith LTBI who areat greatestisk of progressindo activediseas@nd
provideametric for success treatingtheidentifiedinfection. Theassaysvould provide
quantitativeresultsthat shouldreflectthe burdenof largenumbersof actively-replicating
bacteriapr fewlatentbut viablebacteriacapableof reactivatingunder properconditions,in
individualswith LTBI. Lastly,to enhancestatisticaconfidenceanddetermineif the assays
canbeusedto measurdgherapeuticefficacyweproposeo collectandscreerserafrom a
largernumberof epidemiologicallyvell-definedpersonswith ahighlikelihood of LTBI, per-
sonsunlikely to haveL TBI, and personswith culture positiveTB. In this study,we proposeto
obtainandscreersubsequenmonthly sampledrom individualsin thesegroupsundergoing
treatmentfor andLTBI.
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