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Diagnosis remains a major 
concern for global TB control
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A tale of two worlds
There are two worlds when it comes to the diagnosis 
of TB
One world has only smear microscopy at its disposal 
(and perhaps radiology)
The other world has all modern techniques available 
including culture, NAAT, molecular diagnostics, and 
sophisticated radiological techniques such as CT 
and PET scanning. 
The ability to diagnose or misdiagnose TB will vary 
across these two worlds. 

Davies PDO & Pai M (2008)
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Conventional TB diagnostics: 
badly in need of upgrade

Latent TB (LTBI)
Tuberculin skin test 
[1890]

Active TB
Sputum microscopy 
[1882]
Mycobacterial
culture [1882]
Chest X-rays [1896]
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Resurgence of interest in new tools
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New diagnostics pipeline
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Latent TB
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Tuberculin skin test (TST)

TST
Measures cell-mediated immune 
response (CMI)

Uses PPD: a crude antigenic mixture
Limitations of TST:

fairly high proportion of false positives and 
false negatives
technical problems in administration and 
interpretation
difficulty in separating true infection from 
the effects of BCG and non-tuberculous 
mycobacteria (NTM)
repeated TST boosts the immune 
response
requires a 3-dimensional interpretation
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Interferon-gamma release assays (IGRA)

T-SPOT.TB® [Oxford Immunotec, UK]

QuantiFERON-TB Gold® [Cellestis Ltd, Australia]

Pai M et al. Lancet Infect Dis 2004;4:761-76 
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Menzies et al. Ann Intern Med 2007

What do we know about T-cell based 
IGRA performance in general?
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What do we know about TST and IGRA 
performance?

IGRAs and TST cannot distinguish between LTBI and active TB
TST is fairly sensitive in immunocompetent, but suboptimal in 
immunocompromised
TST specificity is high in BCG non-vaccinated; but low and variable in 
BCG vaccinated

BCG after infancy and booster vaccinations lower specificity
IGRAs have very high specificity (and definitely higher than TST)

IGRAs are not affected by BCG vaccination
QFT-G is as sensitive as TST
T-SPOT.TB is more sensitive than QFT-G and TST
In immunocompromised:

T-SPOT.TB appears more sensitive than TST
QFT-G is more likely to produce indeterminate results, especially 
in low CD4+ counts

IGRAs correlate well with TB exposure in low incidence settings
Discordance between TST and IGRA is common
Insufficient data on predictive value
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Guidelines on IGRAs: USA
[currently under revision]

CDC 2005 guidelines (MMWR 
2005;54(RR-15):49-55):

recommends that QFT-G may 
be used in all circumstances 
in which the TST is currently 
used, including contact 
investigations, evaluation of 
immigrants, and serial testing 
of healthcare workers

QFT-G can be used in 
place of (and not in 
addition to) the TST 

MMWR 2005
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Guidelines on IGRAs: UK
UK National Institute for Health and 
Clinical Excellence (NICE) 2006 
guidelines:

recommends a two-step 
(hybrid) strategy for LTBI 
diagnosis: initial screen with 
TST, and those who are 
positive (or in whom TST may 
be unreliable) should then be 
considered for IGRA testing, if 
available, to confirm positive 
TST results.

NICE, 2006
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Guidelines on IGRAs: Canada 
[currently under revision]

Canadian TB Committee ACS 
2007 guidelines:

Not recommended for:
Active TB
Serial testing
Children

Can be used if a false-positive 
TST is suspected in low risk 
persons (including contacts)
Can be used as an additional 
test if a false-negative TST is 
suspected in an 
immunocompromised individual 
or a high risk contact CCDR 2007
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Role of IGRAs

Because of high specificity and other potential 
advantages, IGRAs are likely to replace the TST in 
low-incidence, high income settings 
In high incidence, low-income settings, active TB is the 
first priority, and the role of LTBI diagnostics in 
currently limited

In such settings, applicability may be restricted to 
high risk groups such as HIV+, children, and 
contacts.

In addition to clinical utility, IGRAs are promising as 
research tools to advance our knowledge of LTBI
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Active TB
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Sputum smear microscopy

Relies on microscopy
High specificity
Poor sensitivity
Smear-negative TB: a 
major problem in HIV-
infected
Less helpful in 
extrapulmonary TB
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Lancet Infect Dis 2006

Lancet Infect Dis 2006

IJTLD 2007

Optimization of microscopy
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New policy developments

New WHO Policy
on Microscopy and
Culture



21

LED based microscopy - ‘Primostar iLED’

Courtesy: FIND, Geneva
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Culture

High sensitivity
But tedious, time-consuming 
and expensive
Liquid cultures have emerged 
as the standard

Push towards cultures was partly 
driven by the HIV epidemic
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Liquid Culture

Liquid culture systems reduce delays in obtaining results to 
days rather than weeks

For DST, delay may be as little as 10 days vs. 28-42 days with solid 
media

Liquid systems are more sensitive - may increase the case 
yield by ~10% over solid media
Liquid systems are, however, more prone to contamination by 
other micro-organisms. 

In experienced laboratories, ~5-10% of specimens cannot yield 
results because of contamination
Procedures to prevent cross-contamination should be strictly 
followed, especially in high-incidence countries

http://www.who.int/tb/dots/laboratory/policy/en/index3.html
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New policy developments
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Nucleic acid amplification tests 
(NAAT)

NAATs have high specificity and PPV
Sensitivity is lower and highly variable across studies

Sensitivity lower in extra-pulmonary and smear-neg pulmonary TB – thus, 
reducing applicability in HIV+
Negative test does not rule out TB

Expensive; limited applicability in developing countries with high HIV 
prevalence
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Newer NAATs

Courtesy: FIND, Geneva
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LAMP (loop mediated isothermal amplification)

Rapid (1 hour), 
isothermal, high through-
put, clinical samples

Feasible in high burden 
settings (hospitals)

Sens in culture+ = 97%

Spec in culture- = 99%

Courtesy: FIND, Geneva
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Serological tests for TB
Attractive, especially if made into point of care (POC)
Have been around for a long time
Existing serological tests have failed
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Courtesy: FIND, Geneva
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Antigen detection tests

Urinary LAM antigen test

Detects LAM antigen by ELISA in the urine
Optimal specimen, rapid (2.5 hrs)
Sensitivity: 80% vs 60% for smear in PTB 
(71% HIV+)
N= 119 culture + HIV-TB (sensitivity- 81%)

Boehme C, Trans Roy Soc Trop Med, 2005

N= 108 culture +, sensitivity 73%
Specificity 94% (69% HIV+)
McArthur C, ASM, 2007 (abstract)

Strip test under development
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Drug susceptibility testing
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Diagnosis of drug resistance
Relies on sputum culture:

solid media in most developing 
countries

Slow
Not widely available

Liquid media (BACTEC, MGIT):
rapid, but
expensive and beyond the reach 
of resource limited countries

New tools for drug resistance:
Rapid cultures
Line probe assays
Phage-based assays
MODS
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Rapid culture systems
Liquid media (MGIT):

rapid and accurate, but
expensive and beyond the 
reach of resource limited 
countries
may be useful in high risk 
groups (HIV)
New WHO policy supports 
widespread use

Colorimetric culture systems 
(TK Medium)

limited evidence, but may be 
more suitable for high burden 
countries
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Microscopic observation drug susceptibility 
assay (MODS)

Mycobacteria grow more 
rapidly in liquid media 
and detectable earlier-
inverted microscope
Sensitivity better than LJ 
slopes (98 vs 84%); 
7 days for culture and 
DST, cheap, simple, 
accurate

Courtesy: David Moore & Luz Caviedes
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Courtesy: Innogenetics, Belgium

GenoType® MTBDR assayInno-LiPA assay

[Hain LifeScience, Germany]

Line probe assays
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Meta-analysis of GenoType MTBDR 
studies

98% Sensitivity 99% Specificity

Ling, Zwerling & Pai. Unpublished data
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Biotec Laboratories Ltd., 32 Anson Road, Martlesham Heath, Ipswich, IP5 3RG, UK. 
Tel: +44 1473 612158 Fax: +44 1473 611476 Email: FPTB@biotec.com Website: www.biotec.com Rev 1. 2005-12-02

Introduction
•Bacteriophage-based test for the rapid detection of rifampicin resistance in 
smear-positive sputum specimens containing MTB.  
•Results read by eye within 2 days.
Principle of assay
•Portions of decontaminated sputum incubated with and without rifampicin.
•Bacteriophage (Actiphage)  infect viable TB bacilli in sputum.
•A potent virucide (Virusol) destroys all bacteriophage that have not infected TB 
bacilli.
•Bacteriophage replicating in TB bacilli survive and are detected as plaques 
(zones of clearing) after plating with non-pathogenic mycobacterial Sensor cells
•Presence of viable TB bacilli following rifampicin treatment signifies 
rifampicin resistance

RIF- RIF+

Strain resistant to 
rifampicin

RIF- RIF+

Strain susceptible to 
rifampicin

Interpretation of ResultsPositive control 20 plaques or more
Negative control 10 plaques or less

RIF- plate must have 100 plaques or more to interpret 
results

RIF+    <50 plaques  RIFAMPICIN
SUSCEPTIBLE

RIF+    50 plaques    RIFAMPICIN
or more RESISTANT

Results

Specimen processing
RIF-
0.5ml Response Medium 
Plus

RIF+
0.5ml Response Rifampicin 
solution

Incubate both vessels  for 18-
24 hours. (commence with 
Assay Procedure)

Decant supernatant.  Suspend in 
1ml Response Medium Plus

Add 
0.5ml test 
suspension

Suspend pellet in 15ml Response 
Medium Plus.  Centrifuge at 
minimum of 2000g for 20 mins

Decontaminate by 
NALC-NaOH 
method.

Neutralisation then amplification of 
Actiphage in Sensor cells

Actiphage

TB bacillus
Actiphage infection

Virusol
addition

Actiphage detection as 
plaques on lawns of Sensor 
cells grown in a Petri dish

Sensor 
cell

Sensor 
cell

Sensor 
cellSensor 

cell

Sensor 
cell

FASTPlaque-Response™

Add 100μl
Actiphage
to sample
or control

Add 100μl
of Virusol

Invert 
and mix

Add 5 ml of 
Response
Medium

Plus

Add 1 ml
Sensor cells

Invert and mix so that the entire 
inside surface of the vessel is wet

Incubate 
5 mins
at room

temperature

Incubate 
1 hr at 37ºC Allow to set

Incubate 
overnight at 37ºC

Add 5ml molten FPTB 
Agar  to plate

Add the contents of  
the reaction vessel to 
plate

Swirl to mix

Molten agar should not be 
too hot - touch the top of 

your hand with bottle
Mix agar and sample quickly. Avoid 
splashing lid or creating air bubbles

Assay procedure

Actiphage Virusol Sensor cells
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When performed on culture isolates, phage assays have relatively high 
accuracy

11 of 19 (58%) studies included in the review reported sensitivity and specificity 
estimates in >95%
Specificity estimates were slightly lower and more variable than sensitivity; 5 of 19 
(26%) studies reported specificity <90%

Only two studies performed phage assays directly on sputum specimens, with 
inconsistent results

Current evidence, therefore, is mostly restricted to the use of phage assays for the 
detection of rifampicin resistance in culture isolates

When applied to isolates, these assays have relatively high sensitivity and 
specificity
When applied directly to clinical specimens, phage assays seem to have lower 
sensitivity, presumably because of the lower bacillary load 
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In conclusion, much progress has been 
made in improving TB diagnosis, but…
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will new tools reach those who 
really need it?

Until they do, the ability to diagnose or misdiagnose TB will 
vary across the two worlds


