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Latent TB
Infection

5 - 10% lifetime risk HIV -
5 - 10% annual risk HIV +

TB Screening with Tuberculin 
Skin Testing (TST)

Problems:
- Placement errors
- Boosting

- False positives:
- BCG
- Nontuberculous 

mycobacteria

- Reading error

Current US Risk Groups for TB
What is a positive PPD? (CDC, 1989)

l Highest risk groups (5 mm cut-off)
» Contacts* 
» HIV-infected (or high risk for HIV, untested)
» Abnormal CXR: “old TB”

l Moderate risk groups (10 mm)
» (next slide)

l Low risk groups (15 mm )
» No recognized risk factors

Test Only High and Moderate risk groups

l Low risk persons should NOT be tested
» PPD is a sensitive, but not very specific 

test
– 10 mm reaction increasingly likely to represent 

cross-reactivity with environmental 
mycobacteria, BCG

– raises unnecessary concern, x-rays, treatment
– leads to more testing
– diverts and dilutes efforts toward high-risk 

groups

l Most school and other mandatory 
testing is not warranted in the US today

Tuberculin Reaction Size
544 Culture + MA TB cases

MA PPD Data
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PPD - Terminal digit preference

l Under low prevalence conditions, results 
in some misclassification into the 
“positive” range. 

l 10 mm reactions may not always 
represent true infection

PPD Testing - technical issues

l 5 TU Aplisol* or Tubersol
» some large red reactions with Aplisol

l read 48 to72 hrs, but late reactions occur
» elderly and first time tested

l read induration only, across the arm only, and 
record in mm, including “0” mm

l “pos” or “neg” is not acceptable

PPD boosting

l PPD reactivity due to TB infection, BCG 
vaccination, and environmental 
mycobacteria all wane over many years
» first PPD after many years may be neg, but 

itself serves to recall waned  
hypersensitivity

» subsequent PPD (1 week to years  later) 
may react fully, giving the appearance of 
“conversion”

Boosting and 2-Step testing
22 mm

Early 
in life

Many years

4 mm

50 yo HCW Age 51

20 mm
waning

4 mm 6 mm
22 mm

2 baseline tests, 1 - 4 wks apart True
conversion

? 1 yr later

TB Screening with Tuberculin 
Skin Testing (TST)

Problems:
- False negatives

- Host factors (drugs, 
illness)

- Anergy
- Patients don’t return
- Confusing cut-offs

- Time consuming

New test for TB Screening: 
QuantiFERON™ (QFT)

• Whole blood IFN-γ release assay

• Measures immune reactivity to tuberculin

• FDA approved (2001)

• Commercially available (Cellestis, Australia)



QFT  Principles

Antigen recognition and secretion of IFN?

Heparinised whole bloodHeparinised whole blood

AvianAvian
PPDPPD

HumanHuman
PPDPPD

MitogenMitogen
ControlControl

Transfer undiluted whole bloodTransfer undiluted whole blood
and add antigensand add antigens

Incubate overnight at 37Incubate overnight at 37ooCC

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

then stop reactionthen stop reaction

TMBTMB

COLORCOLOR

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

Report resultsReport results
Pos/ Pos/ NegNeg/ Indeterminate/ Indeterminate

Stage 1: Whole BloodStage 1: Whole Blood––Antigen IncubationAntigen Incubation

Stage 2: IFNStage 2: IFN--gamma ELISAgamma ELISA

How QFT Works

NilNil
ControlControl

IFN-γ IU/ml
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*graphics source –Cellestis, Australia

Skin Test vs. CLINISPOT-TB

l False Positives
» People who have received the BCG 

vaccine may show up positive

l False Negatives
» skin reaction is a very crude measure. 

Small responses not picked up 
(real problem in immunosuppressed 
patients)

» commonly negative in active disease 
(only 75-90% sensitivity. Worse in 
immunosuppressed).

l CLINISPOT -TB is very specific:
» CLINISPOT -TB does not give false positive in people 

with prior BCG vaccination
» CLINISPOT -TB does not cross-react with common 

non-tuberculous (atypical) mycobacteria

l CLINISPOT -TB is very sensitive:
» picks up infected people missed by the skin test
» works even in immunosuppressed populations
» picks up new infection earlier than the skin test
» works well in children and infants
» maintains sensitivity even in active TB, including all 

types of extrapulmonary TB

by Oxford Immunotec, UK QFT Clinical Trial

l 1,226 patients at 5 sites
» 98 low risk
» 944 high risk 
» 94 TB suspects
» 87 culture-confirmed TB after Rx 

l QFT - TST Agreement = 83.1%

Mazurek J, et al. JAMA 2001;286:1740-1747

QFT Advantages

l Single patient visit
l Less placement variability
l Does not “boost” subsequent test responses
l Less likely positive in BCG-vaccinated
l Objective read-out – less reading varibility
l Assess response to M. tuberculosis and avium
l Results available in < 24 hr.
l Cost benefits
l Culture- and ethnic-naive

Major Components of TST 
Program Costs

*L. Lambert et al, Infect Cont Hosp Epidemiol; 2003: 814-820

• Cost analysis of health care workers (HCW)* TST 
screening program
• 4 hospitals, 2 public health departments

• Major cost components

• TB program personnel costs

• Time taken off by HCW

• Supplies (tuberculin, etc) only 0.5 –0.9% of TST 
screening program costs



Cost Effectiveness

Annual costs to screen 2,475 hospital workers

$28.15$28.15$69,682$69,682QFT

$36.70$36.70$90,831$90,831TST

Ave. Cost 
per HCW

Total Cost 
Screening

*Study conducted at MAMC, Tacoma WA – unpublished. 
Data provided by Cellestis, Australia

QFT Limitations

l Blood sample must be plated/stimulated 
within 12 hr of draw

l Operator-dependence (user-unfriendly)
l Effect of prior TST unknown
l Limited approved indications (no 

children, no immunocompromised, …)
l Reimbursement

QFT-TB Test Interpretation QFT – TB: Indications

l Initial and serial testing of adults with an 
increased risk for LTBI 

l Low risk, but future activity might place 
them at increased risk for exposure 
(HCW)

l Low risk, LTBI screening (school, 
workplace requirements)

MMWR Dispatch, 12/18/02

QuantiFERON-TB GOLD

l Second-generation test 
» ? FDA by end of year

l Uses TB specific antigens in place of PPD’s
» ESAT-6 and CFP-10

l Blood culture stage is unchanged
l Uses a more sensitive ELISA for IFN-γ

» 2 hour incubation 
» Limit of detection 0.05 IU/mL 

(compared with 1.5 IU/mL for QFT-TB)

Heparinised whole bloodHeparinised whole blood

ESAT -6 CFP-10 Mitogen
Control

Transfer undiluted whole bloodTransfer undiluted whole blood
into wells of a culture plateinto wells of a culture plate

and add antigensand add antigens

Culture overnight at 37Culture overnight at 37ooCC

TB infected individuals TB infected individuals 
respond by secreting IFNrespond by secreting IFN--γγ

Harvest Plasma from above Harvest Plasma from above 
settled cells and incubate  settled cells and incubate  

120 min120 min in ‘Sandwich’  in ‘Sandwich’  
ELISAELISA

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

then stop reactionthen stop reaction

TMBTMB

COLORCOLOR

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

Stage 1 Whole Blood CultureStage 1 Whole Blood Culture

Stage 2 IFNStage 2 IFN--gamma ELISAgamma ELISA

QuantiFERON®-TB GOLD Test Method

Nil
Control

IFN-γ IU/ml
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TB-specific antigens: ESAT-6 
and CFP-10

l Absent from BCG

l Absent from most NTMs

l Induce IFN-γ responses

l Identified by Statens Serum Institut

» SSI holds the IP – Licensed to Cellestis

Species specificity of ESAT-6 and CFP-10
Environmental 
strains 

Antigens
ESAT CFP

M abcessus - -
M avium - -
M branderi - -
M celatum - -
M chelonae - -
M fortuitum - -
M gordonii - -
M intracellulare - -
M kansasii + +
M malmoense - -
M marinum + +
M oenavense - -
M scrofulaceum - -
M smegmatis - -
M szulgai + +
M terrae - -
M vaccae - -
M xenopi - -

Tuberculosis 
complex

Antigens

ESAT CFP

M tuberculosis + +
M africanum + +
M bovis + +
BCG substrain

gothenburg - -
moreau - -
tice - -
tokyo - -
danish - -
glaxo - -
montreal - -
pasteur - -

Japan Study – QFT Gold 
Mori and colleagues

l 118 culture-confirmed TB patients 
» Tested prior to treatment

l 220 BCG vaccinated low risk
» Many with multiple BCG 
» Young nursing students 
» No history of patient contact
» No risk factors or history of TB exposure

Japan Study

ESAT-6 or CFP-10* ESAT-6 or CFP-10*
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AJRCCM. 2004; 170:59.

Australian specificity study 
(n=98)
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–Mean age 29 (18 to 59)
–41% female
–30% BCG vaccinated

How does this compare with the Mantoux?
- Untreated Active TB

35.4%
(73/113 +ve @ 10 mm)

98.2%
(213/217 –ve)

Specificity

65.7%
(50/76 +ve @ 5 mm)

89.0%*
(105/118 +ve)

Sensitivity

MantouxQFT-GOLD

*Suggests sensitivity for LTBI – at least 89%



Conclusions
l QFT-Gold is highly specific (~100 %)

» Unaffected by BCG
» Specificity for the TST (@ 10mm) was 35.6%

– Many had been BCG vaccinated up to 4 times

l Excellent sensitivity (89%) in untreated TB
» Sensitivity of the TST was 65.6% (untreated 

TB)

QFT – 3G

l Newest QFT test; not yet FDA-approved
l Human PPD antigen replaced with ESAT-6, 

MCP-10
» Antigen proteins found on mTB, NOT on BCG
» Antigen placed into individual blood tubes: no need 

to plate out in culture wells to stimulate

l Preliminary studies demonstrate enhanced 
sensitivity, ability to discriminate mTB infection 
vs BCG

Mazurek, J., CDC

QFT Study II: Objectives
(John Bernardo, MD, BUMC)

l TST vs QFT-3G in:
– > 7 y/o
– Contacts 
– Cases/suspects
– Low risk persons (e.g. pre-employment PPD)

l Validate use of 3G tubes 
– to eliminate plating of blood

l Test effect of prior TST on QFT results

Implementation: 
the San Francisco Experience

SF TB Control Plan – 1st gen QFT
Presented by Chuck Daley, MD, ATS 2004

Plan: Change from TST to QFT for TB screening 
of high-risk populations

Process:
- Political commitment from DPH
- Generate demand for QFT at community 

screening sites
- Develop lab infrastructure
- Implement switch and evaluate

TB Control Barriers

l Staff reluctance
l TST suddenly looks great !
l Fear of change and the unknown
l Lack of “green light” from CDC

» Not yet recommended for key populations: 
HIV+, suspects, contacts

Solution: TB controller leadership



Political Commitment

l Health Officer supported switch
» Rationale: improve homeless screening 

but…
» General DPH budget – new funds not 

available 

l CTCA QFT position statement
» Useful foundation for advocacy

Community Providers

l Select sites serving high-risk populations
» Homeless providers
» Immigrant / refugee clinics
» Methadone clinics

l TST screenings –12,000 tests / year
l Problem: community clinics facing service and staff 

cuts

“Make the test available and we’ll order it.”
“We don’t have the money to pay for it.”

Lab Resource Estimates to 
Run 10,000 QFT/year

“Find us the money and staff for the test and we’ll make it available”

862Hours/day

Existing

0.4

TB Control

NewNewEquipment

2.01.0Staff FTE

Hosp LabDPH Lab

Cost Estimates (Sticker Shock)

10,000 QFT/yr @ $9/test = $90,000
1 FTE for lab (w/ benefits)= $85,000
Equipment + misc. = $5,000

= $180,000 per year

Costs and Reimbursements for Recent 
Laboratory Tests, San Francisco, 2002

$180,000

$902,000

$806,000

Total 
Annual 
Cost *

QuantiFERON

Urine chlamydia Urine chlamydia 
screeningscreening

HIV viral loadHIV viral load

Test

1

1.2

1.25

Lab FTE 
Required *

$27

n/a

$119

Medicare 
Reimburses 

(per test)

* Per 10,000 tests

Lab Resource Solution

l Program funding identified
» Unused rollover funds
» 1 FTE provided to DPH lab

Rationale: As QFT implemented and 
benefits realized, community support 
may develop



Site Implementation process

• Discuss QFT with site management
• Provider education
• Clinic site adapts protocols for local 

program
• Clinic site establishes lab courier –

blood to lab by 4 pm

QFT Eligible Populations

l Adults with TB risk factors
» Targeted testing program sites

l Exclusions based on current FDA 
approval
» HIV positive
» Immunocompromised
» Children / pregnant 
» TB case contacts

Provider Guidelines Frequently Asked Questions

TB Screening Log

Screenshot – SFDPH lab system electronic
results showing QFT

Communication of QFT Results 
Back to Ordering Providers

QFT results



SF QFT Implementation 
Results

November 2003 – March 2004
» 4 Community clinic sites + TB clinic

– 2 Homeless, 1 methadone, 1 immigrant

» 1190 patients evaluated by QFT
» 48 (3.8%) specimens rejected

– Insufficient, clotted, or late sample

» 1142 specimens tested

Number of New Patients Evaluated Monthly 
by QuantiFERON,

San Francisco, Nov. 2003 - Mar. 2004
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QFT Test Utilization
by Screening Site

0
100
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300
400
500
600
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900

Homeless TB Clinic Methadone Immigrant

Screening Clinic Type

Indeterminate
Negative
Positive

N=2

69.4%

14.5%
8.2% 7.7%

QFT Test Results
by Screening Site

Immigrant
n=88 (%)

Methadone
n=94 (%)

TB Clinic
n=166 (%)

Homeless
n=794 (%)

4 (2)

94 (57)

68 (41)

0 (0)

60 (68)

28 (32)

1 (1)8 (1)Indetermin.

76 (81)655 (82)Negative

17 (18)131 (17)Positive

*48 ( 3.8 %) not tested due to insufficient or late specimens

QFT Implementation 
Summary

l Implementation feasible
l Number of participating clinics 

increasing
l Number of tests increasing
l High satisfaction with TB screening 

process improvements
l Infrastructure in place for improved QFT 

tests
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