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Problems with TST…Problems with TST…
Poor interPoor inter--reader reliabilityreader reliability

9 mm (negative) vs. 10mm (positive)?9 mm (negative) vs. 10mm (positive)?
F lF l iti / ifi ititi / ifi itFalseFalse--positives/specificitypositives/specificity

NTM infectionNTM infection
P i BCGP i BCGPrior BCGPrior BCG

Poor positivePoor positive--predictive value in low prevalencepredictive value in low prevalence
populations (like U S )populations (like U S )populations (like U.S.)populations (like U.S.)

Cost/time of patient visitsCost/time of patient visits
Unread testsUnread testsUnread testsUnread tests

Sensitivity?Sensitivity?
Reaction wanes over timeReaction wanes over timeeac o a es o e eeac o a es o e e
Lack of gold standardLack of gold standard



Program Implications of a More Program Implications of a More 
S ifi Bl d B d TB t tS ifi Bl d B d TB t tSpecific Blood Based TB testSpecific Blood Based TB test

↓↓ SSocietal costs and ocietal costs and ↑↑public safety:public safety: Elimination of  Elimination of  
CXR l ti d t t tCXR l ti d t t tunnecessary CXRs, evaluation and treatment unnecessary CXRs, evaluation and treatment 

↑↑ Program efficiency:Program efficiency: More results means targeting More results means targeting g yg y g gg g
efforts on “positives” instead of on retesting efforts on “positives” instead of on retesting 
individuals who fail to show up for TST readings individuals who fail to show up for TST readings 
(homeless jails employee testing)(homeless jails employee testing)(homeless, jails, employee testing)(homeless, jails, employee testing)

↑↑ Public confidence :Public confidence : Reliable and specific resultsReliable and specific results

New surveillance capabilities:New surveillance capabilities: laboratory based laboratory based 
targeted testingtargeted testingg gg g



In Vivo and In Vitro In Vivo and In Vitro 
Diagnostic TestsDiagnostic Tests
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Andersen P, et al. Lancet 2000;356:1099



Interferon Gamma Release AssaysInterferon Gamma Release Assays
T b li Ski T tT b li Ski T tvs. Tuberculin Skin Testvs. Tuberculin Skin Test

IGRA TST
In vitroIn vitro
Single antigensSingle antigens

In vivoIn vivo
Multiple antigensMultiple antigens

IGRA TST

g gg g
No boostingNo boosting
Not affected by BCG or Not affected by BCG or 
most NTMmost NTM

Multiple antigensMultiple antigens
BoostingBoosting
May be affectedMay be affectedmost NTMmost NTM

One patient visitOne patient visit
Minimal interMinimal inter--reader reader 

yy
Two patient visitsTwo patient visits
Significant interSignificant inter--reader reader 

b lb lvariabilityvariability
Results in one dayResults in one day

variabilityvariability
Results in 2Results in 2--3 days3 days



Species Specificity of Species Specificity of 
ESATESAT 6 d CFP6 d CFP 1010ESATESAT--6 and CFP6 and CFP--1010

Environmental Environmental AntigensAntigensTuberculosis Tuberculosis 
ll

AntigensAntigens
strains strains 

gg
ESAT CFP

M abcessus - -
M avium - -
M b d i

complexcomplex ESAT CFP

M tuberculosisM tuberculosis ++ ++
M branderi - -
M celatum - -
M chelonae - -
M fortuitum - -
M gordonii

M africanumM africanum ++ ++
M bovisM bovis ++ ++
BCG substrainBCG substrain

gothenburg - - M gordonii - -
M intracellulare - -
M kansasiiM kansasii ++ ++
M malmoense - -
M marinumM marinum ++ ++

gothenburg
moreau - -
tice - -
tokyo - - M marinumM marinum

M oenavense - -
M scrofulaceum - -
M smegmatis - -
M szulgaiM szulgai ++ ++

danish - -
glaxo - -
montreal - -
pasteur M terrae - -

M vaccae - -
M xenopi - -

pasteur - -



FDA approved IGRAsFDA approved IGRAs (2)(2)FDA approved IGRAs FDA approved IGRAs (2)(2)

QuantiFERONQuantiFERON®®--TB InTB In--TubeTubeQuantiFERONQuantiFERON TB InTB In TubeTube
FDA approved in Dec. 2007FDA approved in Dec. 2007
Uses 3 antigens affixed to inside of tubeUses 3 antigens affixed to inside of tubeUses 3 antigens affixed to inside of tubeUses 3 antigens affixed to inside of tube

Adds TB7.7 (RD4) antigen to ESATAdds TB7.7 (RD4) antigen to ESAT--6 and CFP6 and CFP--1010

TT--SpotSpotTBTB™™

FDA conditionally approved in Aug 2008FDA conditionally approved in Aug 2008FDA conditionally approved in Aug. 2008FDA conditionally approved in Aug. 2008
Use 2 antigens: ESATUse 2 antigens: ESAT--6 and CFP6 and CFP--1010



QuantiFERON®QuantiFERON®--TB InTB In--
TubeTube

Stage 1: Blood draw and IncubationStage 1: Blood draw and Incubation
TubeTube

Remove Remove 
and leave and leave 

atat
antigensantigensnilnil MitogeMitoge

nn

Incubate 16Incubate 16--24 hrs at 24 hrs at 

═

16 hour limit to get tubes16 hour limit to get tubes

→ →
at at 

room room 
temp for temp for 

up to up to 
3 days3 days

Blood drawn into Blood drawn into 
three 1cc tubesthree 1cc tubes

3737ooC at clinic or labC at clinic or lab

Stage 2: Laboratory processing and testingStage 2: Laboratory processing and testing

16 hour limit to get tubes 16 hour limit to get tubes 
Into incubatorInto incubator

TMBTMB

COLORCOLOR
Stage 2: Laboratory processing and testingStage 2: Laboratory processing and testing

45
0n

m
45

0n
m

Standard CurveStandard Curve

Harvest Plasma and add to Harvest Plasma and add to 
antibodyantibody--coated QFT platecoated QFT plate

Wash, add Substrate, Wash, add Substrate, 
incubate 30 minincubate 30 min

Measure OD andMeasure OD and
determine IFNdetermine IFN--γγ levelslevels

IFN-γ IU/mlO
D

 4
O

D
 4

then stop reactionthen stop reaction
Report resultsReport results

Pos/ Neg/ IndeterminatePos/ Neg/ Indeterminate
*graphics source – Cellestis, Australia



QuantiFERON®QuantiFERON®--TB GoldTB Gold
i i l f hi i l f hPrinciple of the Test:Principle of the Test:

Compare IFNCompare IFN--γγ levels of the levels of the 
antigen well to the 2 controlsantigen well to the 2 controlsantigen well to the 2 controls antigen well to the 2 controls 
wells. wells. 

TB Antigen TB Antigen –– NilNil Mitogen Mitogen ResultResultTB Antigen TB Antigen NilNil Mitogen Mitogen 
-- NilNil

ResultResult

>> 0.35 IU and >0.35 IU and > 25%25% ofof AnyAny PositivePositive>> 0.35 IU and > 0.35 IU and > 25%25% of of 
NilNil

AnyAny PositivePositive

Nil Nil ≤ ≤ 8.0 8.0 and (<0.35 orand (<0.35 or >> 0.50.5 NegativeNegative(( gg

>>0.35 IU and < 25% of Nil 0.35 IU and < 25% of Nil 
result)result)

<0.5<0.5
IndeterminateIndeterminateresult)result) IndeterminateIndeterminate

Nil Nil >8.0>8.0 but peptide less but peptide less 
than 50% above Nil than 50% above Nil 

AnyAny



Operational IssuesOperational Issues

12 hour limit to get12 hour limit to get YESYES NONO YESYES

QFTQFT--GG QFTQFT--GITGIT TspotTspot

12 hour limit to get 12 hour limit to get 
blood to labblood to lab

YESYES NONO YESYES

Human resourcesHuman resources MODMOD LEASTLEAST MOSTMOSTHuman resourcesHuman resources MODMOD LEASTLEAST MOSTMOST

MethodologyMethodology FAMILIARFAMILIAR FAMILIARFAMILIAR NEWNEW

AutomationAutomation PARTIALPARTIAL FULLFULL MANUALMANUAL

Effects of altitude and Effects of altitude and 
temperaturetemperature

TT°°=YES=YES
Alt=noAlt=no

TT°°=YES =YES 
Alt=yesAlt=yes

TT°°=YES=YES
Alt=noAlt=no

Detection of test Detection of test 
failurefailure

YESYES YESYES YESYES



2004 QFT2004 QFT--G CDC GuidelinesG CDC GuidelinesQQ
MMWRMMWR. December 16, 2004 / Vol. 54 / No. 49. December 16, 2004 / Vol. 54 / No. 49

QFTQFT G can be used in all situations where the skinG can be used in all situations where the skinQFTQFT--G can be used in all situations where  the skin G can be used in all situations where  the skin 
test is currently being used test is currently being used 

includes contact investigation immigrantincludes contact investigation immigrant--includes contact investigation, immigrant includes contact investigation, immigrant 

evaluation and serial testing of HCWsevaluation and serial testing of HCWs

Use with caution when interpreting negative QFT Use with caution when interpreting negative QFT 
results in children, immunocompromised, and HIVresults in children, immunocompromised, and HIV--
infected adults because of limited datainfected adults because of limited datainfected adults because of limited datainfected adults because of limited data

NOTE: Over 200 published articles since 2004. New NOTE: Over 200 published articles since 2004. New 
guidelines are currently being developed forguidelines are currently being developed forguidelines are currently being developed for guidelines are currently being developed for 
IGRAs by CDC.  Completion expected by end of IGRAs by CDC.  Completion expected by end of 
20082008







Performance of QFTPerformance of QFT--GIT in HIVGIT in HIV--QQ
infected Adults, San Franciscoinfected Adults, San Francisco

294 HIV294 HIV infected adultsinfected adults294 HIV294 HIV--infected adultsinfected adults
Methods: TST and QFTMethods: TST and QFT--GITGIT
Results:Results:Results:Results:

70% returned for evaluable TST70% returned for evaluable TST
85% concordance for 85% concordance for --//--, 4.1% for +/+, 4.1% for +/+
I d t i t QFT lt i 5 1% i d t i t dI d t i t QFT lt i 5 1% i d t i t dIndeterminate QFT results in 5.1%, indeterminate and Indeterminate QFT results in 5.1%, indeterminate and 
negative results generally increased when CD4 decreased; negative results generally increased when CD4 decreased; 
RR of indeterminates w/ CD4 <100 was 4.24. Indeterminates RR of indeterminates w/ CD4 <100 was 4.24. Indeterminates 
all due to low IG levels in mitogen control. See Table 2.all due to low IG levels in mitogen control. See Table 2.all due to low IG levels in mitogen control.  See Table 2.all due to low IG levels in mitogen control.  See Table 2.

Luetkemeyer AF, et. Al. Am J Respir Crit Care Med 2007; 175 (7): 737Luetkemeyer AF, et. Al. Am J Respir Crit Care Med 2007; 175 (7): 737--742.742.



TB Infection Prevalence By Test TB Infection Prevalence By Test 
and Clinic Typeand Clinic Typeand Clinic Typeand Clinic Type

HomelessHomeless TB ClinicTB Clinic MethadoneMethadone ImmigrantImmigrant
TSTTSTTSTTST
(2001(2001--2003)2003)

26%26% ~50%~50% 10%10% 37%37%

QFTQFT--11 17 %17 % 48 %48 % 18 %18 % 37 % 37 % QFTQFT 11
(11/03(11/03--2/05)2/05) n=1848n=1848 n=292n=292 n=346n=346 n=344n=344

QFTQFT--G G 7 %7 % 23 %23 % 4 %4 % 14 %14 %QQ
(3/05(3/05--11/08)11/08) n=9166n=9166 n=4042n=4042 n=1261n=1261 n=2505n=2505

QFTQFT--ITIT 7 %7 % 23 %23 %
(4/08(4/08--11/08)11/08) n=483n=483 n=613n=613

-- --

Decline inDecline inDecline in Decline in 
positive rate positive rate 
from TSTfrom TST

↓↓ 73%73% ↓↓ >54%>54% ↓↓ 60%60% ↓↓ 62%62%
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