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REPLACING THE  TUBERCULIN SKIN TEST WITH 
        A SPECIFIC BLOOD TEST

Karin WELDINGH and Peter ANDERSEN

Abstract For almost 100 years has the tuberculin skin test (TST) been used for the support the diagnosis of 

active and latent TB infection. The TST test has, however, a number of limitations most notable low specificity 

in BCG vaccinated individuals due to cross-reactive components in PPD and the  M. bovis BCG vaccine strain 

and an intensive search for new and more specific diagnostic antigens has therefore be ongoing. In this review 

we describe the discovery process leading to the identification of the M. tuberculosis specific antigens ESAT6 

and  CFP10 ; two low molecular weight proteins which are highly sensitive and specific for detection of a 

M. tuberculosis infection. 

Key words : Tuberculosis, Diagnosis, Antigen discovery, Interferon-gamma assay, ESAT6, RD1 antigens, 

QuantiFERON-TB.

                 Introduction 

 The tuberculin skin test (TST) has been used for almost a 

century to support the diagnosis of active and latent TB infec-

tion. The TST is a delayed-type hypersensitivity reaction 

based on immunological recognition of mycobacterial anti-

gens in exposed individuals and is a simple and inexpensive 
assay. It employs intradermal injection of purified protein 

derivative (PPD), which is a crude and poorly defined mixture 

of mycobacterial antigens. The main drawback with the clini-

cal use of the TST is the lack of specificity due to the high 

number of shared antigens in the other mycobacteria, such as 

the Mycobacterium bovis bacillus Calmette-Guerin (BCG) 

vaccine strain and atypical mycobacteria such as Mycobacte-
rium avium (Fig. 1). This can lead to positive reactions in 

individuals either vaccinated with the BCG vaccine or infect-

ed with  Mycobacterium avium as demonstrated in animal 

 models") The limited specificity also characterizes in vitro 

assays based on PPD, as demonstrated by the development of 

a whole blood assay which uses PPD to induce a secretion of 

gamma interferon (IFN-  .7) as a measurement for M.  tubercu-
losis  infection3)_ 

 For many years research has been focused on identification 

of novel antigens which are immunological active and can 

be used for a more specific detection of a M. tuberculosis 

infection.

       Antigen Discovery from  M. tuberculosis 

 M. tuberculosis is an intracellular pathogen, and the bacteria 

reside in the phagosomal compartment of macrophages. It is 

still not clear exactly what constitutes a protective immune 

response to TB, but it is demonstrated in both animals and 

humans that T-cell mediated immune responses rather than 

antibody-mediated immune responses are essential for control 

of TB.  IFN-  y is the cytokine most strongly associated with  
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                         Atypical 

     New TB specific mycobacteria 
    diagnostic antigens 

 Fig. 1 Most mycobacterial proteins are shared between 

 different species, and only a few proteins are specific for 
 M. tuberculosis (eg. ESAT6 and  CFP10) and not present in 
 M. bovis vaccine strain BCG or in atypical mycobacteria.
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protectiveimmunitytoTBandmicewithadisruptedIFN一 γ

geneaswellashumanswithmutatedIFN一 γreceptorgenes

arehighlysusceptibilitytomycobacterialinfections4)～6)The

abilitytostimulateT-cellreleaseofIFN一 γhastherefbrebeen

usedasacriticalcriterionfbrtheidentificationofimmuno-

dominantantigensbothf6rvaccineanddiagnosticpurposes.

Thesearchf()rMtuberculosisantigensthatarerecognized

bytheimmunesystemofM.tuberculosisinfectedhumanshas

showntobeachallengingtaskthatrequiresahugeeffbrt.

Variousexperimentalapproacheshavebeendevelopedduring

thepastdecades,andthesequencingoftheMtaberculosis

genomehasacceleratedthediscoveryprocesssubstantially.

Thetendencyhasbeenthatdifferentlaboratorieshaveevalu-

ated止erecognitionofthe㎝tigensbythehumani㎜une

systemduringthecourseofinfection.Peripheralbloodmono-

十
nuclearcells(PBMC)fromPPDnon-vaccinatedhealthy

donors,BCGvaccinatedhealthydonors,TB-contacts,andTB

patientsareusedtoassesscandidateMtuberculosisantigens.

T-cellproliferationand/orproductionofIFN一 γfrominviかo-

stimUlatedPBMCareusedtoidentifyrelevantantigenswhich

arefrequentlyrecognizedbyageneticallyheterogeneous

population.

Theobservationthatimmunizationwithlivemycobacteria

inducesahigherdegreeofprotectionthanwithkilledbacilli

hashadamajorinfiuenceonthesearchfbrimmunological

relevantTBantigens.Ithasledtothehypothesisthatprotelns

secretedbyIivingbacilliinthephagosomearethef廿stant1-

genstobepresentedtotheimmunesysteminanearlyphase

ofinfectionandconsequentlywillbegoodcandidatestobe

developedtntodiagnostictoolsfbrthedetectionofanearly

infbction7)8).In1991Andersenandcolleaguesdefinedashort

termculturefiltrate(ST-CF)enrichedinsecretedantigens

withminimalamountsofproteinsreleased丘omthecyto.

plasm9)、AntigensderivedfromST-CFwerefbundtobe

recognizedintheveryearlyphaseofexperimentalTBinl陀c-

tioninmicewhereasantigensreleasedfromdeadbacteria

w・ ・e・ec・9・ized・t・1・terst・g・ ・fi・fe・ti・n'o)Th・ ・e負 ・di・g・

stimulatedattemptstouseculturefiltrateantlgensasasource

forthesearchfbrnewandimmunereactiveantigensandan

extensiveantigendiscoveryprogramswhichaimedtoidentify

keyantigenicmoleculesinculture且ltratewereinitiated・

OneapproachwastosystematicallyanalysetheST-CF

proteins,dividedintoamanageablenumberofpoolsaccord-

ingtomolecularmass,Thiswasachievedbyseparatingthe

proteinsintonarrowmoIecularmassregionsbySDS-PAGE

fbllowedbyelutingtheproteinsbytheWholegelEluter11)、

Usingthismethodl5-30proteinsfractionswereobtainedand

eachpoolcontainedonlyafewproteinsbandsallinthesame

molecularmassregion(Fig.2A).Thesefractionswereusedto

stimulatecellsobtainedeitherfromM.tuberculosisinfected
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Fig・2111ustrationofthediscoveryprocessIeadingtotheidenti血cationoftheimmunereactivelowmassantigensESAT6

andCFP10・A:SizefractionationoftheshorttermcultUrefiltrate(ST-CF)antigenintona貫owmolecularweight倉actions.B:

RelativeIFN一 γreleasea丘erusingtheST-CFfractionstostimulatePBMCsf沁mTBpatients,M.tuberculosisinfected

miceandcattle、C:MappingofthepositionsofESAT6(Rv3875)andCFP10(Rv3874)ina2-dimensionalgelelectropho-

resisoftheST-CFlowmolecularmassregion.
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mice,cattleorhumanTBpatientsandtheamountofIFN一 γ

releasewasdeterminedasamarkerfbrimmunologicalrel-

evance(Fig.2B).Thelowmolecularmassfraction(6-12

kDa)ofculturefiltratewasconsistentlyfbundtoinducethe

highestIevelsofIFN一 γreleaseintheearlyphaseofinfection

inanimalmode正sandincellsfrom〃.tubereulosisinfected

individuals12)夏3).Columnchromatographyofthelowmass

antigenfractionresultedinthepurificationofone◎ftheactive

componentsinthelowmo玉ecularmassfraction,a9.8kDa

protein,subsequendynamedEa■lySecretedAntigenTarget

(ESAT6)14)Thisproteinwasfbundtobeanimmunodominant

targetfbrIFN一 γproducingTcellsfrominfbctedmice,and

containsnumerousepitopesthatarefrequentlyrecognizedby

M.tuber℃ulosisinfectedindividuals三5)16).Bytwodimensional

electrophoresisthepro£einspresentintheIowmolecularmass

regionofST-CFweredissectedandthepositionsoftheESAT6

proteinaswellasanumberof◎therproteinsweremapped

(Fig.2C).Mostimportantlytheimmunologicalactivecompo-

nentCFP10wasalsoidentifiedinthismolecularweigh重

regionandthegeneencodingthisproteinislocatedinthe

sameoperonastheESAT6gene.

SearchingforI)iagnosticProteins

ThatAreAbsentinBCG

Thegenomesequencedataisnowavailablen◎tonlyfbrM.

tuberculosisbutalsoforBCGandM.a伽mandthisinforma-

tionenablesapreciseselectionofspecificantigensfbrthe

nextgenerationofspecificimm"nodiagnosticreagents.Ithas

allowedtheidentificationoftheRDregions(regionsofdele-

tion)representinggenom孟cde王etionsintheM.bovisBCG

vaccinestraincomparedtothevirulent加 〔tuろeπculosis

strain17).Proteinsfromtheseregions,andinparticulalthe

subsetofproteinswhicharealsolackinginM.aviu〃tand

otherNTM,representanexcellentsoulceofcandidateanti-

gensfbrahighlyspecificTBdiagnostictest.Onesuchregion;

theRDlregion;ismissingfromallM.bovisBCGvaccine

strainsandisbelievedtobeinvolvedinbacterialvirulence

andpossiblecelltocellspreading18)19).TheRDlregion

encodcsnineproteinsincludingtheESAT6andCFP10which

aretheantigenscharacterizedinmostdetailandaretheonly

membersffomtheimmunoreactiveesat-6genefamilywhich

areabsentfromBCGandmostotherenvir◎nmentalmyco.

bacteria.ESAT6andCFP10haveshow燕greatpotentialfbr

diagnosisofhumanTB2｡)～22).Anumberofmorerecently

identi負edhumandiagnosticmoleculeshavealsobeenreport-

edsuchastheTB27.4(Rv3873)andTB37.6(Rv3873)en-

codedintheRDlregionaswellastheTB12.3(Rv2653)

andTB7.7(Rv2654)encodedintheRDllregion23)24).An

unexpectedandimportantfinding,wasthediscoverythat

althoughanantigeninitselfmaybeabsentfromBCGand

otherstrainsofmycobacteria,itmaystillcontainstretches

withTcellepitopesh｡mologoustogenesoutsidethedeleted

regions,orevencontainlimitedregionsh◎mologoustogenes

outsidethemycobacterialgenus25).Thiscanca聡seimmu、no一
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10gica正cross-reactioninhealthycontrolindividualsandresult

indecreasedspecificity.InthestudybyBrocketal・the

prote玉nsconta重ningcrossreactiveepitopeswereproduced

syntheticallyandtestedasoverlappingpeptideswhichen-

abled重heidentificationoftheparticularpeptidestretchesthat

werecrossreactiveinBCGvaccinatedhealthycontrols.

Specificpeptidesstretchescouldherea負erbeselectedand

combined.Thisresultedinincreasedsensitivitywithoutioss

ofspeci丘city25).

UsingESAT6andCFPIOas1)iagnosticAntigens

ESAT6andCFP10arethemostwe11documenteddiagnos-

ticantigensandmanystudieshavedemonstratedhighsensi-

tivityandspecificityoftestsbasedonIFN一 γresponsesto

theseantigensinpatientswithactiveorlatentTB.Theassay

formatsevaluatedsofarforESAT6andCFPIOare;measure-

mentofamountofIFN一 γreleaseineitherwholebloodor

PBMCsbyELISAassays16)3>,ex-vivoELISPOTfbrthe

detectionofthenumberofIFN一 γproducingT-cells26)and

FACSanalysisf6rtheactivationofspecificcells27)ns).Two

commerciallyavailablekitscontainingESAT6andCFPlOare

nowonthemarket;theTSPOT-TBassay(OxfbrdImmuno一

毛ec,oxfbrd,UK)andtheQuantiFERON-TBGOLD(cellestis

Limited,Victoria,Australia).TheTSPOT-TBassayisan

ELISPOTassaywhichuses丘eshPBMCsanddetectsthe

numberofIFN一 γproducingT-cellsinresponsetost㎞ula-

tionwithESAT6andCFP10.TheQuantiFERON-TBGOLD

testisawholebloodbasedassaythatmeasurestheIFN一 γ

responsetoESAT6andCFP10andthistesthasrecentlybeen

approvedbytheFDAandtheJapaneseMir雌stryofHealth,

LaborandWelfarefbrthedetectionof〃.tuberculosisinfec-

tion,

Thediagnosticperf()rmanceofESAT6andCFPlOhasbeen

evaluatedextensivelyintheQuantiFERON-TBGOLDtest

fbrmatfbrbothIatentandactiveTB.ForlatentTBwehave

usedtheQuantiFERON-TBGOLDtesttodetectsubclinical

infもctionsinarecentTBoutbreakinaDanishschool21).As

partofacontacttracingoperationweana玉ysedbloodsamples

fro〕m45BCGunvaccinatedDanishhighschoo王studentsand40

BCGvaccinatedindividualswhomallha、dapossiblecontact

toapatientwithpulmonaryTB.AUtheBCGunvaccinated

individualswereyoungDanishhighschoolstudentswhohad

nootherknownexposuretoM・tubercUtosisandtheconven-

tionalPPDbasedMantouxskintestcouldtherefbrebeusedas

agoldstandardforthedetectionoflatentTBinthisgroupof

persons,WeinvestigatedtheIFN一 γresponseinwholeblood

samplestoESAT6,CFP10andPPDandcomparedtheresults

withtheMantouxskintestresultsfromthesameindividuals.

AI董of毛heindividualswhichwerepositiveintheQuanti-

FERON-TBGOLDassaywerealsopositiveintheskintest

anda94%agreementbetweenthesetwotestswasobserved.

TwopersonswereonlypositiveinthePPDskintestand

thiscaneitherbeduetolowerspecificityoftheskintest

伽lsepositives)maybecausedbyexposure‡oenvironmenta1
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mycobacteria or due to higher sensitivity (true positives) of the 

skin test compared to the QuantiFERON-TB GOLD ESAT6/ 

 CFP10 test. Unfortunately, no true gold standard exists for the 

detection of latent infection with M. tuberculosis and it is 

therefore not possible to rule out any of these possibilities. 

 For active TB we have used the QuantiFERON-TB GOLD 

assay in a prognostic setting and analysed 82 patients suspect-

ed of  TB29). Using this assay we found a sensitivity of  85% with 

a specificity of 97 % . In particular, was the whole blood test 

very efficient to detect TB disease in patients with extra 

pulmonary TB which is an important observation as this 
disease form can be very difficult to diagnose with tradition-

al methods. The sensitivity in these patients using the 

 Quantil-E,RON-TB GOLD assay was  92% whereas only  31% 
were positive by microscopy and 42 % by culture. Another 

recent study by Ferrara et al. used the QuantiFERON-TB 

GOLD test for the diagnosis of tuberculosis infection in a 

hospital routine setting and concluded than the test is practical 

and provides more correct results that the TST test in BCG 

vaccinated  individuals") As with the TST, immunosuppres-

sion may negatively affect test performance giving indetermi-

nate results which highlights the importance of the inclusion of 

the positive cells control (e.g. PHA) in the QuantiFERON-TB 

GOLD assay. 

 In Japan  Mori et al. have investigated the use of Quanti-

FERON-TB GOLD for the detection of active TB in  188 

patients with culture-confirmed TB and compared to 216 
healthy BCG vaccinated  persons2°). The QuantiFERON-TB 

GOLD assay was shown to be highly specific (98  %) in the 

BCG vaccinated healthy group, which was a markedly higher 

specificity than observed with the PPD based TST  (35  %). 

Also impressive sensitivity was found in this study ; (ESAT6 

and  CFP10 :  89%) compared to the  TST  (66%). 

  In conclusion, the use of the M. tuberculosis specific antigens 

ESAT6 and  CFP10 in novel diagnostic assays has provided 

an urgently needed specific diagnostic tool to replace the TST 

for the detection of both active and latent TB. 

                   References 

1 ) Haslov K, et  al.  : Guinea pig cellular immune responses to 

   proteins secreted by Mycobacterium tuberculosis. Infect 
 Immun. 1995 ; 63 : 804-810. 

2 ) Pollock JM, Andersen P : The potential of the ESAT-6 

   antigen secreted by virulent mycobacteria for specific diag-

   nosis of tuberculosis. J Infect Dis. 1997 ; 175 :  1251-54. 

3 ) Brock I, et  al. Performance of whole blood IFN-gamma test 

   for tuberculosis diagnosis based on PPD or the specific 

   antigens ESAT-6 and  CFP-10.  Int J Tuberc Lung Dis. 2001  ; 

   5 : 462-467. 

4 ) Cooper AM, et  al.  : Disseminated tuberculosis in interferon 

   gamma gene-disrupted mice. J Exp Med.  1993 ; 178 :  2243-
    47. 

5 )  Flynn IL, et  al.  : An essential role for interferon gamma  in 

   resistance to  Mycobacterium tuberculosis infection. J Exp

   Med. 1993 ; 178 : 2249-54. 

6 ) Dorman  SE, et  al.: Clinical features  of  dominant and recessive 

   interferon gamma receptor 1 deficiencies. Lancet. 2004 ;  364  : 

 2113-21. 

7 ) Orme  IM : Characteristics and specificity of acquired immu-

   nologic memory to Mycobacterium tuberculosis infection. J 

 Immunol. 1988 ; 140 : 3589-93. 

8 ) Andersen P, et  al.  :  T-cell proliferative response to antigens 

   secreted by Mycobacterium tuberculosis. Infect  Immun.1991; 

   59 : 1558-63. 

9 ) Andersen P, et  al.  : Proteins released from Mycobacterium 

   tuberculosis during growth. Infect  Immun.  1991  ; 59 :  1905-10. 

10) Andersen  P, Heron  I: Specificity of a protective memory 

   immune response against Mycobacterium tuberculosis. Infect 

   Immun. 1993 ; 61 : 844-851. 

 11) Andersen P, Heron I Simultaneous electroelution of whole 

   SDS-polyacrylamide gels for the direct cellular analysis of 

   complex protein mixtures. J Immunol Methods. 1993 ; 161  : 

    29-39. 

12) Pollock JM, Andersen P : Predominant recognition of the 

   ESAT-6 protein in the first phase of interferon with Myco-

   bacterium bovis in cattle. Infect Immun. 1997 ; 65 :  2587-92. 

 13) Boesen H, et  al.  : Human  T-cell responses to secreted antigen 

   fractions of Mycobacterium tuberculosis. Infect Immun. 

 1995  ;  63  : 1491-97. 

14) Sorensen AL, et  al.  : Purification and characterization of a 

 low-molecular-mass T-cell antigen secreted by Mycobacte-
   rium tuberculosis. Infect Immun. 1995 ; 63 :  1710--17. 

15) Andersen  P, et  al.  : Recall of long-lived immunity to Myco-
   bacterium tuberculosis infection in mice. J Immunol.  1995  ; 

   154 : 3359-72. 

16) Ravn P, et  al.  : Human  Tcell responses to the ESAT-6 antigen 

   from Mycobacterium tuberculosis. J Infect Dis. 1999 ; 179 

   637-645. 

17) Behr MA, et  al.  : Comparative genomics of BCG vaccines 

   by whole-genome DNA microarray. Science. 1999 ;  284  : 

   1520-23. 

18) Pym AS, et  al.  : Loss of  RD  I contributed to the attenuation of 

   the live tuberculosis vaccines Mycobacterium bovis BCG and 

   Mycobacterium microti.  Mol  Microbiol. 2002 ; 46 :  709-717. 

19)  Hsu T, et  al.  : The primary mechanism of attenuation of 

   bacillus  Calmette-Guerin is a loss of secreted lytic function 

   required for invasion of lung interstitial tissue. Proc  Natl Acad 

   Sci USA. 2003 ; 100 : 12420-25. 

20)  Mori T, et  al.  : Specific detection of tuberculosis infection : an 

   interferon-gamma-based assay using new antigens. Am J 

   Respir Crit Care  Med. 2004 ; 170 : 59-64. 
21) Brock I, et  al.  : Comparison of tuberculin skin test and new 

   specific blood test in tuberculosis contacts. Am J Respir Crit 

   Care Med. 2004 ; 170 :  65-69. 

22) Ewer K, et  al.  : Comparison of T-cell-based assay with 

   tuberculin skin test for diagnosis of Mycobacterium tubercu-

   losis infection in a school tuberculosis outbreak. Lancet. 

   2003 ; 361 : 1168-73.



SpecialLecture/ReplacingtheTuberculinSkinTest/P.Andersenetal.585

23) Aagaard C, et  al.  : Mapping immune reactivity toward Rv2653 

   and Rv2654 : two novel low-molecular-mass antigens found 

   specifically  in the Mycobacterium tuberculosis complex. J 

   Infect Dis. 2004 ; 189 :  812-819. 

24) Okkels LM, et  al.  : PPE protein (Rv3873) from DNA segment 

 RD  1 of Mycobacterium tuberculosis : strong recognition of 

   both specific T-cell epitopes and epitopes conserved within 

   the PPE family. Infect Immun. 2003 ; 71 : 6116-23. 

25) Brock I, et  al.  : Specific T-cell epitopes for immunoassay-

   based diagnosis of  Mycobacterium tuberculosis infection. J 

   Clin Microbiol. 2004 ; 42 : 2379-87. 

26) Pathan AA, et  al.  : Direct  ex vivo analysis of antigen-specific 

   IFN-gamma-secreting CD4 T cells in Mycobacterium  tuber-

   culosis—infected individuals : associations with clinical dis-

   ease state and effect of treatment. J Immunol. 2001 ; 167  : 

 5217-25. 

27) Smith SM, et  al.  : Human CD8  (+) T cells specific for 
 Mycobacterium tuberculosis secreted antigens in tuberculo-

   sis patients and healthy BCG-vaccinated controls in The 

   Gambia. Infect Immun. 2000 ; 68 : 7144-48. 

28) Tesfa L, et  al.  : Confirmation of Mycobacterium tuberculosis 

   infection by flow cytometry after  ex vivo incubation of 

   peripheral blood T cells with an ESAT-6-derived peptide 

   pool. Cytometry. 2004 ; 60B : 47-53. 

29) Ravn P, et  al.  : Prospective evaluation of a whole-blood test 

   using Mycobacterium tuberculosis-specific antigens ESAT-6 

   and  CFP-10 for diagnosis of active tuberculosis. Clin Diagn 

   Lab Immunol. 2005 ;  12 :  491-496. 

30) Ferrara  G,  et  al.  : Routine Hospital Use of a Commercial 

   Whole Blood Interferon- y Assay for Tuberculosis Infection. 

   Am J Respir Crit Care Med. 2005 ; 172 :  631-635.

[こ の 論 文 は"DiscoveryandapPIicationofaTBspecifictest

toreplacetheTuberculinSkinTest"と 題 し たPeter今ndersen

氏 の 特 別 講 演 録 で あ る コ




