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INTRODUCTION

Tuberculosis (TB) is a public health challenge of
paramount importance (World Health Organi -
zation, 2006). According to the World Health
Organization (WHO), nearly 2 billion people - one
third of the world’s population - have been ex-
posed to the TB pathogen (WHO report, 2006).
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Annually, 8 million people become ill with TB,
and 2 million people die from the disease world-
wide (WHO report, 2006). The rise in HIV infec-
tion and the neglect of TB control programs have
enabled a resurgence of TB (Iademarco et al.,
2003). These factors, together with the emergence
of drug-resistant strains have also contributed to
this new epidemic with, from 2000 to 2004, 20%
of TB cases being resistant to standard treatments
and 2% resistant to second-line drugs (Centers
for Disease Control and Prevention, 2006). 
The rate at which new TB cases occur varies
widely, even in neighboring countries, apparent-
ly because of differences in health care systems
(WHO report, 2007). Further, the incidence of TB
varies with age. In countries with a high-medi-

Tuberculosis (TB) remains a public health challenge and its control requires the use efficient diagnostic tools. 
Mycobacterium tuberculosis (MTB) elicits a strong immune response upon infection, a phenomenon measured by the
old tuberculin skin test (TST). However, this test has many limitations and a high rate of positivity in BCG-vaccinat-
ed subjects. 
Recent studies have identified several MTB-antigens for diagnostic use, including the ESAT-6 and CFP-10 proteins.
Based on these antigens, one of the most significant developments in the diagnostic armamentarium for TB has been
the assays based on IFN- determination (IGRAs). The assays stem from the principle that T-cells of infected individ-
uals produce IFN-gamma when they re-encounter the MTB antigens in vitro and this can be measured by a conven-
tional ELISA test. The evaluation of IGRAs in different clinical settings showed many advantages over TST. The world-
wide diffusion of IGRAs has increased the knowledge on their clinical use and a number of guidelines have been de-
vised for their application. The two-step approach (first using TST followed by IGRA for confirmation) is the most fa-
vored strategy for IGRA-use in the general population, while the use of IGRAs alone is suggested in particular clini-
cal settings and/or patient groups. Even if these tests are still costly there are a number of cost effective advantages in
the “targeted” use of IGRAs over the TST. The work we present summarises all these aspects.
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um incidence, TB primarily affects adolescents
and young adults (Iademarco et al., 2003).
However, in countries where TB has gone from
high to low incidence, TB is mainly a disease of
older people, or the immunocompromised
(Iademarco et al., 2003). Consequently, control of
TB will require a multifaceted approach inte-
grating efficient public health interventions with
the discovery and use of new diagnostic tools,
vaccines and drugs. In particular, as the disease
is usually transmitted from people with active -
not latent TB, the rapid identification of subjects
with active TB together with the identification of
infected subjects represent the main measures to
control disease diffusion efficiently (WHO report,
2006). 
Mycobacterium tuberculosis (MTB), the etiologi-
cal agent of TB, elicits a strong immune response
upon infection by stimulating both CD4+ and
CD8+ T-cells as well other cells of the immune
system, determining a strong type-1 proinflam-
matory-like response dominated by interferon
(IFN)-gamma and tumor necrosis factor (TNF)-
alpha (Gomez et al., 2004). The overall response
is at the basis of the so-called delayed-type hy-
persensitivity (DTH) caused by MTB antigens
(Huebner et al., 1993). This phenomenon has
been used for more than a century to identify sub-
jects infected by MTB by using the tuberculin
skin test (TST) which attempts to measure cell-
mediated immunity in the form of a DTH res-
ponse to the most commonly used purified pro-
tein derivative (PPD) of tuberculin (Huebner et
al., 1993). However, the test has many limitations
not least the high rate of positivity following vac-
cination with M. bovis BCG (Huebner et al.,
1993). 

INTERFERON-GAMMA BASED
DETERMINATIONS

In the last decade, extensive studies have shown
that immunodominant antigens, such as the 6-
kDa early secretory antigenic target (ESAT-6) and
its homologues, are highly suitable for detecting
infection. There is no cross-reaction with the BCG
vaccine, since these antigens are absent in the
BCG vaccine strains. By screening eluted frac-
tions of antigens from MTB and M. bovis culture
filtrates for recognition by T-cells from infected

humans and cattle, respectively, Andersen and co-
workers identified several low-molecular mass
antigens that are major targets of cellular medi-
ated immune responses (Sorensen et al., 1995).
Subtractive DNA hybridization of pathogenic M.
bovis and BCG (Mahairas et al., 1996) and com-
parative genome-wide DNA microarray analysis
of MTB H37Rv and BCG (Behr et al., 1999) iden-
tified several regions of difference, designated
RD1 to RD16, between MTB and M. bovis. All rep-
resent segments that have been deleted from the
M. bovis genome. RD1 was lost early during the
process of M. bovis BCG attenuation and is there-
fore missing in all the daughter strains known to-
day (Mahairas et al., 1996). This region has been
the subject of detailed studies and a number of
antigens have recently been characterized as can-
didate antigens for diagnostic and vaccine devel-
opment (Van Pinxteren et al., 2000; Andersen et al.
2000; Brusasca et al., 2001). Antigens, such as ear-
ly secreted antigen target (ESAT-6) and culture
filtrate protein (CFP-10), are located in this re-
gion and have already shown great potential for
TB diagnosis (Ulrichs T et al., 1998; Ravn et al.,
1999; Arend et al., 2000; Brock et al., 2001).
Based on these studies, one of the most signifi-
cant developments in the diagnostic armamen-
tarium for TB in the last hundred years seems to
be the assays based on IFN-γ determination
(IGRAs). The assays stem from the principle that
T-cells of sensitized individuals produce IFN-gam-
ma when they re-encounter the antigens of MTB
(Tufariello et al., 2003). IGRAs’ clearest advantage
is increased specificity for detection of MTB in-
fection thanks to their utilisation of MTB-specif-
ic antigens encoded in the region of difference
(RD)1, a genomic segment absent from the
Bacille Calmette-Guérin (BCG) vaccine and most
environmental mycobacteria. Recent evaluations
showed that IFN- assays that use MTB RD1 anti-
gens, such as ESAT6 and CFP10, may have ad-
vantages over tuberculin skin testing (Arend et
al., 2000; Brock et al., 2001 Lalvani et al., 2001).
IFN-gamma assays that are now commercially
available are the original QuantiFERON-TB, and
its enhanced versions QuantiFERON-TB Gold
and QuantiFERON-TB Gold In-Tube assays
(Cellestis International, Carnegie, Australia), and
the enzyme-linked immunospot (ELISPOT) T
SPOT-TB assay (Oxford Immunotec, Oxford,
United Kingdom).
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Guidelines on the use of IGRAs
There is growing interest in the use of IGRAs, al-
though most countries continue to recommend
and use TST. In the past 5 years, several guide-
lines and position statements have been pub-
lished on the role and use of IGRAs, and even
some of the countries have more than one guide-
line or statement (Pai et al., 2009). 
At the present moment guidelines or statements
on IGRAs have been identified from 16 countries,
of which 9 European. At the present, USA,
Canada, UK, Japan, France, Spain, Italy,
Germany, Switzerland, Australia, Netherlands,
Denmark, Czech Republic, Slovak Republic,
Korea and Norway have available guidelines (Pai
et al., 2009). However, IFN-gamma release assays
are regularly used in many other countries some
including European countries like Bulgaria,
Turkey, Portugal, Romania and Finland, and
some of these are developing guidelines such as
Finland and Portugal (Pai et al., 2009). 
Three main approaches are outlined in the co-
untries that have guidelines:
- TST must be replaced by IGRA (i.e. only IG-

RA), as in Germany (for subjects undergoing
anti-TNF-alpha therapy), Switzerland (for sub-
jects undergoing anti-TNF-alpha therapy) and
Denmark (for subjects undergoing anti-TNF-al-
pha therapy, BCG-vaccinated subjects, adult
TB-contacts).

- Either TST or IGRA can be used, as in USA,
France, Australia (for refugees), Japan (QFT
preferred in all groups except in children <5
years) and Denmark (child TB-contacts).

- Two-step approach with TST first, followed by
IGRA. This approach used either to improve
specificity or sensitivity is suggested in Canada,
UK, Italy, Spain, Australia, Germany (for TB
contacts), Switzerland (for TB-contacts),
Netherlands (for TB-contacts and immigrants),
Norway and South Korea (for TB-contacts).

However, some guidelines recommend more than
one approach, depending on the risk group tested
(e.g. contacts, immunocompromised, children,
etc.).

United States
The first published IGRA Guidance was the
Centers for Disease Control and Prevention (CDC)
Guidelines 2003, QFT (CDC, 2003). The CDC has
issued recommendations on using the

QuantiFERON-TB (QFT) test for diagnosing la-
tent tuberculosis infection (LTBI). This document
provided guidance for public health officials,
health-care providers and laboratorians with re-
sponsibility for TB control activities in the USA
in their efforts to incorporate QFT testing for de-
tecting and treating LTBI. Regardless of the test
used to identify LTBI, testing should be primari-
ly targeted at diagnosing infected patients who
will benefit from treatment. These interim rec-
ommendations are intended to achieve a high rate
of acceptance and completion of testing for LTBI
among groups who have been identified for tar-
geted testing. Testing programs using TST or QFT
should only be implemented if plans are also in
place for the necessary follow-up medical evalua-
tion and treatment (e.g., chest radiograph or LT-
BI treatment) of persons who are diagnosed with
LTBI and quality laboratory services are ensured.
The CDC Guidelines 2005 were published on May
2, 2005 (Mazurek et al., 2005). CDC recommend-
ed that QFT-G may be used in all circumstances
in which the TST is currently used, including con-
tact investigations, evaluation of recent immi-
grants, and sequential testing surveillance pro-
grams for infection control (e.g., those for health-
care workers).
The Guidelines for Preventing the Transmission
of Mycobacterium tuberculosis in Health-Care
Settings were published in December 2005
(Jensen et al., 2005). They state that the whole-
blood interferon gamma release assay (IGRA),
QuantiFERON®-TB Gold test (QFT-G) (Cellestis
Limited, Carnegie, Victoria, Australia), is a Food
and Drug Administration (FDA) - approved in vit-
ro cytokine-based assay for cell-mediated im-
mune reactivity to MTB and might be used in-
stead of TST in TB screening programs for Health
Care Workers (HCWs). This IGRA is an example
of a blood assay for MTB, does not require two-
step testing and is more specific than skin test-
ing and is not expected to result in false-positive
results in persons vaccinated with BCG.
The American Thoracic Society (AST)/CDC/IDSA
Guidelines require symptom screening, chest x-
ray, and a TST upon HIV diagnosis and repeti-
tion of TST at least yearly. 
The more recent US NIH Guidelines state that ei-
ther a TST or IGRA should be used. Despite the
best intentions of these guidelines and recom-
mendations, 2006 statistics show that less than
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1% of the world’s HIV-infected population is
screened for TB, let alone LTBI. 
In 2008, the Guidelines for the Use of
Antiretroviral Agents in HIV-1-Infected Adults
and Adolescents came out (Panel on
Antiretroviral Guidelines for Adult and
Adolescents. 2008). It is stated there that immune
restoration as a result of antiretroviral therapy
may be associated with conversion from a nega-
tive to a positive tuberculin skin test (TST) or
IFN-  release assay (IGRA) in response to MTB-
specific proteins. It is recommended that TST or
IGRA should be repeated in previously TST-ne-
gative or IGRA-negative individuals after initiati-
on of antiretroviral therapy when the CD4 cell co-
unt exceeds 200 cells/mm3. HIV-infected indivi-
duals found to have LTBI, defined as >5 mm skin
test induration or positive IGRA with no prior
treatment for LTBI and after appropriate evalua-
tion to rule out active TB disease and no prior
treatment of LTBI, should commence treatment
with isoniazid for 6 to 9 months. 
The CDC/NIH/IDSA Guidelines 2009 for preven-
tion and treatment of Opportunistic infections in
HIV-infected adults and adolescents were pub-
lished on April 10, 2009 (CDC/NIH/IDSA
Guidelines 2009). Evidence suggests that the
IGRAs have more consistent and higher specifi-
city (92%-97%) than TST (56%-95%), better cor-
relation with surrogate measures of exposure to
MTB, and less cross reactivity because of Bacillus
Calmette-Guérin (BCG) vaccination or other non-
tuberculous mycobacteria exposure than the TST.
Three IGRAs are FDA-approved and available in
the United States, the QuantiFERON®-TB Gold,
the QuantiFERON®-TB Gold In-Tube (Cellestis
Limited), and the T-SPOT™.TB test (Oxford
Immunotec). For both the TST and IGRAs, ho-
wever, HIV- related immunosuppression might
be associated with false-negative results. The fre-
quency of false-negative and indeterminate IG-
RA results increases with advancing immunode-
ficiency. Results from comparative studies of TST
and IGRAs in HIV-infected patients indicate that
concordance between the tests is not complete.
The TST remains useful for diagnosing LTBI, par-
ticularly for patients who have not been vaccina-
ted for BCG and in settings with cost constraints.
The optimal application of IGRAs in HIV-infected
persons will be better defined when the results of
ongoing studies become available. IGRAs might

be used in combination with TST to improve sen-
sitivity and specificity for detection of LTBI.
Given the high risk for progression to active di-
sease in HIV-infected persons, any HIV-infected
person with reactivity on any of the current LTBI
diagnostic tests should be considered infected
with MTB. 
In the USA AAP Red Book 2009 (American
Academy of Pediatrics. 2009, 28th Edition) it is
stated that at this time neither IGRA not the TST
can be considered a “gold standard” for diagno-
sis of LTBI. Current recommendations for the use
of IGRAs in children are as follows:
For immune competent children 5 years of age
and older, IGRA can be used in place of a TST to
confirm cases of tuberculosis or cases of LTBI
and likely will yield fewer false-positive results.
Children with a positive result from IGRA should
be considered infected with MTB complex. A neg-
ative IGRA result cannot universally be inter-
preted as absence of infection. 
Because of their higher specificity and lack of
cross-reactions with BCG, IGRAs may be useful
in children who have received BCG vaccine.
IGRAs may be useful to determine whether a
BCG-immunized child with a reactive TST more
likely has a false-positive TST reaction caused by
the BCG.
IGRAs cannot be recommended routinely for use
in children younger than 5 years of age or for im-
mune-compromised children of any age because
of a lack of published data about their utility with
these groups.
Indeterminate IGRA results do not exclude tu-
berculosis infection and should not be used to
make clinical decisions.
The CDC Guidelines 2009, QFT-GIT/TSPOT.TB,
will soon be released comparing the two ex vivo
immunodiagnostic tests for TB. At the 2nd Global
Symposium on IGRAs, Dr Ken Castro, Director of
the CDC’s Division of Tuberculosis Elimination,
presented IGRAs as the ‘preferred’ test in BCG-
vaccinated individuals and some other populati-
ons. The approach is a significant change from
the previous guidelines and now considers the
wide prevalence of BCG-vaccinated populations
within the U.S.

Canada
The first Canadian CTC Guidelines on IGRAs,
published in 2007, stated that:
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- Two-step approach in contacts, immunocom-
promised is recommended.

- Not recommended in children.
- Not recommended for active TB and serial test-

ing.
- An updated version of the CTC guidelines was

published in 2008 (Canadian Tuberculosis
Committee. 2008):

- Not recommended for active TB in adults.
- Can be used as a supplementary aid in children

with suspected TB.
- IGRAs may be used as a confirmatory test for

a positive TST in contacts (adult or child).
- IGRA may be performed in TST- positive, im-

munocompetent adults and children who are
at relatively low risk of being infected and of
progressing to active disease.

- In an immunocompromised person (adult or
child), the TST should be the initial test.
However, a clinician still concerned about the
possibility of LTBI may perform an IGRA.

- Not recommended for serial testing of HCWs.
IGRAs may be used as a confirmatory test if a
false-positive TST is suspected in a low-risk
HCW or prison staff /employee or inmate.

Australia
The Australian NTAC Guidelines were published
in 2007 (Australian Government, October 2007)
and the main points are:
- Currently TST remains the preferred method of

screening for LTBI pending further evaluation.
- TST and IGRAs have almost no place in the di-

agnosis of active TB disease.
- State-based TB services should be encouraged

to participate in the evaluation of the role of
IGRAs for the investigation of LTBI.

- IGRAs may be used as a supplementary test in
individualized clinical assessment for LTBI
where increased specificity is valuable in re-
ducing the confounding effect from prior BCG
vaccination or prior exposure to non-tubercu-
lous mycobacteria.

In 2009 the Australian Society for Infectious
Diseases published its guidelines (Australian
Society for Infectious Diseases Refugee Health
Guidelines Working Group, 2009) and it states
that, “With the exception of those with docu-
mented past TB disease, all newly arrived
refugees, including children, should be assessed
for LTBI, with the following plan:

- Testing is performed with the intention to treat.
- Either a Mantoux test or IGRA may be used for

screening.
- Refer those with a positive Mantoux test or a

positive IGRA test to the local TB services, for
exclusion of active TB infection and consider-
ation of treatment of LTBI. 

- A Mantoux greater than 10 mm in adults and
children of ≥5 years of age and a Mantoux of
5mm in those younger than 5 years or those
who are HIV-infected are considered positive.

- Refugees known to be HIV-infected should have
a two-step Mantoux test. In the event that the
second test remains <5 mm, specialist advice
should be sought from TB/HIV services.

- TB (active disease or latent infection) should be
managed by clinicians experienced in doing so
as part of a centralized, coordinated TB service.

Japan
In 2006, in Japan was published the JST
Guidelines, regarding the use of QFT-2G
(Committee of Prevention, Japanese Society of
Tuberculosis. 2006). These are the main recom-
mendations:
- Children <5 years: 
- QFT not recommended [TST preferred] for LT-

BI.
- QFT can be used as adjunct for active TB.
Contacts: 
- Less than 5 years old, TST is preferred over

QFT. 
- From 5 to 12 years old, Use QFT with consid-

ering use of TST together. The QFT results
should be interpreted carefully.

- From 12 to 18 years, QFT is preferred over TST
where QFT test is available. Use TST if neces-
sary.

- From 18 to 49 years old, QFT is preferred over
TST.

- Over 50 years old, Limited use of QFT or TST.
Health CareWorkers: 
- QFT preferred over TST.
Active TB: 
- Adjunct (supporting) evidence.
High risk groups (diabetes, steroids, TNF-alpha
blockers): 
- QFT is preferred and can be used for deciding

on LTBI treatment.
Even when QFT is preferred:
- TST may be done first, followed by QFT in
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TST+, in order to be cost effective (especially
in case of mass screening).

In 2009 the QuantiFERON-TB Gold In - Tube as-
say was approved in Japan.

South Korea
The KCDC Guidelines in South Korea came out
in 2009. They state that:
- IGRA is required to confirm TB infection in

contacts over 6 years old with a positive TST
(5mm in BCG unvaccinated and 10mm in BCG
vaccinated. 

- In contacts with negative TST results, IGRA can
be performed based on the attending doctor’s
clinical decision.

- Not for active TB or serial testing.

In Europe there are several countries that re-
leased Guidelines on LTBI diagnosis during the
last 3 to 4 years.

United Kingdom
On March 22, 2006, The National Institute for
Health and Clinical Excellence (NICE) published
the Guidelines for TB control in England and
Wales (NICE. 2006).
The NICE Guidelines recommend: 
- Use IGRAs as the front line test for latent TB

infection in preference to the tuberculin skin
test (TST) where the skin test may be “less re-
liable” including all immunocompromised pa-
tients.

- Use IGRAs as a secondary, confirmatory test in
all cases when the TST is positive. The IGRA is
used as a means of screening out TST false pos-
itives. 

- IGRAs also have a role to play in the diagnosis
of TB disease especially in non-pulmonary TB
and as a rule-out test in TB suspects. 

In October 2007, The Health Protection Agency
published a position statement on the use of
IGRA tests for TB, providing an update on the
NICE Guidelines (Health Protection Agency.
2007). The main points of this statement are: 
Active disease: 
- IGRAs may be used when it has not been pos-

sible to confirm a diagnosis by culture and
when radiological and histopathological evi-
dence is lacking. 

Latent Infection: 
- In LTBI IGRAs are at least as sensitive at the

TST and in BCG vaccinated populations are
more specific. 

- TST should be carried out first and those that
are positive should be considered for IGRA test-
ing if available. 

- This would also apply to new entrant screen-
ing. 

IGRAs should be the only test used in the fol-
lowing situations: 
- Where TST may be falsely negative due to im-

munosuppression.
- When screening a large number of people as

part of a public health investigations since re-
peated visits would be impractical.

Health care worker screening:
- New health care workers should be tested with

IGRAs as they may come into contact with im-
munosuppressed patients and because of the
logistical simplicity of the tests. 

Pre-TNF- alpha screening:
- IGRAs may be a suitable alternative in BCG

vaccinated subjects. 

In July 2009, Guidelines for the Diagnosis and
treatment of tuberculosis of the central nervous
system in adults and children were published
(Thwaites et al., 2009). The recommendations
made are that CSF adenosine deaminase activity
is not recommended as a routine diagnostic test
for CNS tuberculosis. The tuberculin skin test and
IGRAs may provide indication of previous tuber-
culosis infection and are probably most useful in
young children, but results need to be interpret-
ed cautiously as neither is sufficiently sensitive
nor specific to diagnose active disease. Currently,
IGRAs are only licensed for the diagnosis of latent
tuberculosis and cannot be recommended for the
diagnosis of active CNS disease.

Switzerland
In November 2005 the Swiss Lung Association
released recommendations for the diagnosis of
TB infection in contact investigations using blood
tests in Bulletin 45/10 of the Office Federal de la
Sante Publique (Swiss Lung League 2005). The
main points are:
- Confirm a positive Mantoux tests with an IGRA.
- Use only an IGRA in immunocompromised

subjects.
- Children are excluded from being tested with

IGRAs. 
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In December 2007 the following guidelines were
released for the use of IGRAs to screen patients
prior to administration of anti-TNF alpha thera-
pies (Beglinger et al., 2007). All patients should
be screened for LTBI before being given anti-TNF
alpha therapies: 
- Screening should be based on history, chest x-

ray and IGRA (TST is no longer recommend-
ed). 

- Preventive treatment should be given where LT-
BI is suspected as a result of: 
1. Positive IGRA. 
2. Abnormal x-ray suggesting TB which was not

adequately treated. 
3. History of significant prior exposure. 

Italy
Recommendations for the identification of LTBI
were released jointly by the Associazione di
Microbiologia Clinica Italiana (AMCLI) and the
Federazione Italiana per le Malattie Polmonari
Sociali e la Tubercolosi (FIMPST) in May 2006
(AIPO, SIMeR. 2006). The main points are:
- Mantoux testing should be carried out and

where positive an IGRA should be performed. 
- In subjects with an expected TST positivity rate

of 40% or more, and in immunosuppressed pa-
tients an IGRA should be carried out without a
prior TST. 

- IGRAs may be used along with other tests in
the diagnosis of active disease.

In 2009 came out a draft awaiting approval by
the Italian Ministry of Health (Girardi et al., 2009)
which states that:
- TST is the standard test for LTBI diagnosis,

there is not enough evidence to recommend
complete replacement of TST with IGRAs. 

- IGRAs are recommended to confirm LTBI di-
agnosis in TST+ BCG- vaccinated individuals.

- IGRAs are recommended to diagnose LTBI in
TST- HIV+ or other immunosuppressed indi-
viduals. 

The Netherlands
Dutch Guidelines for contact tracing and screen-
ing were released in 2007 (Commissie voor
Praktische Tuberculosebestrijding. 2007). The
main points are: 
- Contact investigations, TST is the initial test, if

5 mm or more followed by IGRA.
- Immigrant screening of children 4 weeks to 12

years old, initially TST, if 5 mm or more, then
IGRA.

- Repeated screening of risk groups (e.g. occu-
pational), either TST or IGRA as initial test.

- For detecting LTBI before start of iatrogenic
immune suppression (e.g. anti-TNF-alpha ther-
apy), TST and clinical information only. 

- In subjects where the Mantoux “may be less re-
liable” perform an IGRA without a prior
Mantoux. 

- IGRAs can be used in place of a Mantoux in the
work up for active disease diagnosis. 

France
The Haute Autorite de Sante (HAS) issued pre-
liminary guidelines in December 2006 suggest-
ing that IGRA tests should be used in the follow-
ing settings (Test de détection de la production
d’interféron g pour le diagnostic des infections
tuberculeuses (2006) (Haute Authorité de Santé.
2006):
- Contact tracing in subjects older than 15 years. 
Health care workers where a TST may not be re-
liable. 
- To assist in the diagnosis of active disease, par-

ticularly non-pulmonary. 
- Pre-TNF alpha therapy screening. 

Ireland
Draft guidelines published in July 2008 proposed
that IGRAs can be used in the following settings
(Immunisation Guidelines for Ireland. 2008
Edition).
- Contact tracing (in conjunction with a TST). 
- In certain circumstances IGRAs, if available can

be considered as the sole test for LTBI: 
- Where the TST may be falsely negative due to

immunosuppression. 
- When screening large numbers of individuals

as part of a public health investigation. 
- Pre-employment screening of healthcare work-

ers. 
- For individuals, commencing immunosup-

pressive therapy e.g. TNF- antagonists. 

Germany
In 2007 Recommendations for contact tracing in
tuberculosis were published (Diel et al., 2007) and
in July 2009 New TB testing recommendations
for autoimmune diseases came out (Diel et al.,
2009). It is stated that due to the increased risk of
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tuberculosis (TB) under treatment with TNF-al-
pha inhibitors for rheumatoid arthritis and oth-
er autoimmune diseases, precautionary measures
are required before initiating TNF-alpha inhibitor
therapy. Patients should have active TB ruled out
and screening for latent TB infection should be
performed. The screening should include chest
X-ray, complete medical history, and the admin-
istration of a highly specific interferon- release
assay (IGRA). (In the future, the reimbursement
of IGRA tests under an analogue procedure code
is expected to be formalized by the application of
a code specific to the TB IGRA procedure.) As tu-
berculin skin test (TST) results can be expected to
be either false-positive or false-negative in these
patients, the TST, as commonly performed in the
past, is recommended only in exceptional situa-
tions. 

Spain 
The Recommendations of the Spanish Society of
Pulmonology and Thoracic Surgery (SEPAR)
published in 2008 (SEPAR. 2008) state that IGRA
tests could be performed in immunocompro-
mised individuals and children and prior to tu-
berculosis vaccination. They are not recom-
mended in active TB and serial testing. 

Denmark
Draft Guidelines on the use of IGRAs are pro-
posed for discussion in 2009.
TB screening before anti TNF-alpha therapy:
- IGRA is preferred. TST when IGRA is not avail-

able.
- Exposure/contact screening:
- IGRA if BCG vaccinated/adult.
- Either TST or IGRA in children and unvacci-

nated young people. 
- HIV, no specific guidelines.

Norway
The Norwegian Guidelines came out in 2007. The
recommendations are as follows:
- TST as a first test and then IGRA as a supple-

mentary test for all TST positives >6 mm.
- Among IGRAs,QFT is recommended as the pri-

mary test. If the mitogen control fails or the pa-
tient is severely immunosuppressedT-SPOT-TB
is recommended as a secondary test.

- Referral to an infectious disease specialist or
lung physician is recommended for all IGRA

positives and also for TST >15 mm/IGRA neg-
ative. Result of chest X-ray, symptoms, previ-
ous history of TB, immune status is also as-
sessed and part of the decision of referral and
prescription of preventive treatment. 

Czech Republic
The Recommendation of the Czech Thoracic
Society for QuantiFERON-TB Gold test came out
in December 2005. According to it the
QuantiFERON-TB Gold test should be used in
following situations:
- Differential diagnosis of active TB. 
- Detection of TB infection in close contacts.
- Screening for LTBI in high risk groups.
- Before and during biological (anti- TNF-alpha)

treatment. 

Slovak Republic
A Draft of the Slovak Guidelines from 2008 on
the use of IGRAs is awaiting approval (Solovic et
al., 2008). 
Two-step model (TST positive followed by IGRA)
is indicated in:
- Before starting anti-TNF-alpha therapy: regu-

larly, once a year, for patients subjected to long-
term anti-TNF therapy.

- Healthcare workers exposed to open forms of
TB.

- Contacts.
- Military personnel after serving in TB endem-

ic countries.
- As a part of medical examination of risk groups

in the population-refugees, minorities.
- As a part of differential diagnosis of pulmonary

and extrapulmonary TB.

The KNCV/EuroTB statement
The use of IGRAs in low- and medium- preva-
lence countries in Europe is stated in a Consensus
Statement of a Wolfheze Workshop organized by
KNCV/EuroTB, Vilnius, September 2006
(KNCV/EuroTB. 2006). According to this state-
ment, Interferon gamma release assays (IGRAs)
offer an alternative to tuberculin skin testing for
the diagnosis of LTBI or as an additional diag-
nostic method for active TB. Public health spe-
cialists involved in TB control, mainly in
European countries with low and intermediate
incidence of TB, met in Vilnius, Lithuania, in
September 2006, to consider the use of IGRA as-
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says because of the increasing demand for the
use of these assays. There was consensus on the
value of the use of IGRAs for the diagnosis of
LTBI based on the following agreed points: 
- Although there is no clear gold standard for LT-

BI, IGRAs, in published contact tracing inci-
dents, reflect the degree of exposure to infec-
tious cases more accurately than does TST. This
suggests that IGRAs are more specific than TST.
Discordant results between IGRAs and TST,
however, cannot be completely explained by the
notion that IGRAs are more specific with re-
gard to cross-reaction with non-tuberculous
mycobacterial (NTM) infections or with the
Bacille Calmette Guerin (BCG) vaccine.

- Both commercial systems (QFT and TSPOT)
probably perform well for LTBI detection in im-
munocompetent individuals.

- Studies of IGRA sensitivity suggest they are at
least as sensitive as TST in TB patients but may
be less sensitive than TST for detecting LTBI in
immunocompetent individuals. 

- Theoretically, a combination of TST (with its
high sensitivity) followed by IGRAs (with their
greatest specificity) should be an optimal ap-
proach for contact tracing in incidents where
there is a known index or source case. Clearly
this advantage is negated where the patient
does not return for reading of the TST. In those
cases, the single-visit IGRA would be more ad-
vantageous.

- Although it is reasonable to assume that a pos-
itive IGRA is as predictive of later active TB as
a positive TST, there is no evidence so far to
suggest a higher or lower degree of pre-
dictability.

- IGRAs are of value for diagnosing/excluding LT-
BI in children or HIV- positive (or other im-
muncompromised) individuals, including those
about to receive anti-tumour necrosis factor or
other immunomodulating therapy.

IGRAs are of value in any situation requiring se-
rial TST testing, e.g. occupational health-related
screening/exposure.

Summary of the present guidelines on IGRAs
In summary, with all the different suggestions
used by the different countries for the correct use
of the IGRA tests, it can be observed that:
- The two-step approach seems to be the most

favored strategy for IGRA use.

- The two-step approach is particularly favored in
contacts, especially BCG- vaccinated contacts.

- A trend towards using IGRAs alone prior to an-
ti-TNF-alpha therapy.

- Some guidelines are still cautious about IGRA
use in young children.

- Few guidelines recommend IGRAs for active
TB, but some recommend it as an adjunct, es-
pecially in children.

- Most guidelines do not mention use for serial
testing of HCWs.

- While some guidelines have been updated to
keep up with the evidence base (e.g. USA,
Canada, Germany), others have yet to be up-
dated (e.g. UK, Australia, France, Czech). 

- Few of the guidelines used evidence summaries
and systematic reviews. Most are based on nar-
rative literature reviews and expert opinion.

- Most guidelines did not include a clear de-
scription of potential conflicts of interests and
industry involvement in guideline development.

Cost effectiveness of IGRAs vs PPD skin test 
There are several major IGRA clinical advantages
that provide economic benefits for TB infection
control programs. This can be summarised in: 
- Single visit.
- High sensitivity (up to 93%) and specificity

(>99%) for detecting active TB (Harada N et al.,
2008). Avoids false positives due to BCG vacci-
nation (Mori et al., 2004) and most environ-
mental non-tuberculous mycobacteria (Anderson
et al., 2000).

- Unlike the TST it is not subject to errors in test
placement or reading.

- Reduction in personnel cost - which is the ma-
jor cost component of a TST program. TST
reagents represent less than 1.5% of the total cost
of TST screening program (Lambert et al., 2003).

- Reduction in additional costs - such as chest X-
rays - associated with investigating false positive
cases (Nienhaus et al.,2008).

- Avoids boosting (Leyten et al.,2007). Eliminates
the need for two-step testing. In situations with
serial testing for M. tuberculosis infection, ini-
tial two-step testing - which is necessary with
the TST - is unnecessary with the
QuantiFERON-TB Gold and is not recom-
mended” (CDC. 2005).

The use of both IGRA tests is a cost effective so-
lution for TB screening when compared to the
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significant costs associated with the tuberculin
skin test (TST). Total costs for the tuberculin skin
test are often believed to be lower than the actu-
al cost. According to a published study by
Lambert et al., the total cost of a tuberculin skin
test per healthcare worker tested ranged from
$41.00USD to $362.00USD (Lambert et al., 2003). 
In fact the source of many of the costs for the tu-
berculin skin test include: 
1. Procedural: 

a) Two visits are required, one for adminis-
tration of the PPD and the second for in-
terpretation of the test result. 

b) Subjectivity of test administration and in-
terpretation of results. 

2. Operational: 
a) Training and retraining in proper test in-

oculation and interpretation. 
b) Getting the individual to return for the sec-

ond visit. 
c) Following up on those who do not return

for the second visit. 
d) Two-step testing for new employees re-

quires a total of four visits. 
3. Performance: 

a) The TST cross-reacts with the BCG vaccine
resulting in false-positive results. 

b) TST results are affected by immunosup-
pression resulting in false-negative results
(Lee et al., 2006).

c) The IGRA tests address the sources of these
costs associated with the TST, Single blood
test, only one visit required. IGRAs results
are not affected by immunosuppression or
BCG vaccine.

A number of economic assessments in using
IGRAs respect to TST have been conducted so far
in different countries. These are summarised here
below.

Japan economic assessments
A cost-effectiveness analysis of QFT in a TB con-
tact investigation in Japan was performed by
Mori, Harada, 2005. A model was built assuming
that a group of young people was exposed to an
infection source with different degrees of inten-
sity. The strategies for investigating this group in-
cluded using QFT to test subjects with erythema
size exceeding 30 mm, 20 mm and 10 mm, as
compared with the strategy of only using TST or
QFT. The analysis confirmed that the additional

use of QFT would greatly reduce the number of
indications for chemoprophylaxis of uninfected
cases and that the use of QFT is cost effective.

UK economic assesments
UK National Institute for Health and Clinical
Excellence (NICE). Tuberculosis clinical guideline
- full guideline, second consultation (NICE,
http,//www.nice.org.uk/guidance/index).
NICE considered the cost-effectiveness of 4 dif-
ferent strategies - no test, TST alone, IGRA alone
and IGRA testing for individuals with a positive
TST - for diagnosing LTBI. The assessment
showed that:
- At all prevalence levels, an IGRA-only strategy

was cheaper than a TST-only strategy.
- Overall, the two-stage TST/IGRA strategy was

most cost effective, however the impact of false
negative results or logistical issues involved
with two-step testing was not considered in the
assessment.

- One step IGRA testing can be used in individu-
als “in whom tuberculin skin testing may not
be reliable” such as those with immune sup-
pressing diseases (including HIV) or on im-
mune suppressive treatment (e.g. corticos-
teroids), Hodgkin’s disease, infectious mononu-
cleosis and viral infections in general (including
those of the upper respiratory tract).

- The NICE assessment showed that above a
prevalence level of 40%, one-step testing (that is
a single IGRA test) is the most cost effective op-
tion.

NICE guidelines state that “interferon-gamma
tests showed little evidence of being affected by
prior BCG vaccination, and showed stronger cor-
relation with exposure categories than did TST.
The specificity of interferon-gamma tests seemed
better, and there was less potential for false pos-
itive results”.

German economic assessments
A Markov model was used to assess the health
and economic outcomes of isoniazid treatment
of 20 year old TB contacts using two different
TST cut-offs (5 mm and 10 mm), QFT alone and
QFT as a confirmatory test for TST results (Diel
et al., 2007). 
The number treated to prevent one TB case was
22 for the two QFT based procedures, 40 for the
TST at a cut-off of 10 mm, and 96 for the TST at
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a cut-off of 5 mm “which may appear to be a
striking argument from an ethical point of view”
for using only QFT.
This analysis showed that the two TST-based
strategies “when performed alone, in each case
[was] more costly and less effective than the
Quantiferon®-TB Gold in-Tube assay, the higher
cost of implementation of which was outweighed
by the averted cost of unnecessarily treating con-
tacts who otherwise would have been wrongly
classified as LTBI cases”.
Of the four strategies, QFT following the TST
screening of close-contacts at a cut-off of 5 mm
was the most cost-effective option, followed by
the QFT alone strategy. However the cost of com-
bining the two tests was “only marginally lower
than the total cost of the program based on QFT-
G assay alone per 1000 close-contacts by ap-
proximately $ 1,397 (0.61%)”.
In another German cost-minimisation analysis
(Diel et al., 2006), the costs of investigating a co-
hort of adult tuberculosis (TB) contacts over a
period of 2 years was calculated. In this assess-
ment the total cost of simply administering the
TST was € 19.24 per person (includes tuberculin
material costs, as well as TST administration and
reading costs) while the total cost of performing
QFT was € 47.68 per person (includes blood sam-
pling, sample transport and all laboratory mate-
rial and labour costs). These costs DO NOT in-
clude follow up costs for those testing positive by
either test. Such follow-up comprised three chest
X-rays at a cost of € 74.3 per X-ray - which in-
cludes all labour and material costs of performing
a chest X-ray. This analysis showed that: when
TST was used alone the average costs for every
contact followed amounted to € 91.
If instead of TST, QFT alone was performed, the
cost per contact was reduced by 33% to € 61.
If both tests were combined (validation of a po-
sitive TST by QFT) the costs were reduced by 43%
to € 52.
A two-step approach proved to be marginally cost
effective compared to only using QFT. However
this sacrifices the operational ease of only using
QFT, but also has the risk of missing individuals
(eg. Those with immunosuppression) with false
negative TST results. As a result the authors sta-
te that “the TST/QFT-G two-step strategy should
be reassessed in the presence of such specific epi-
demiological conditions”.

USA/Canada economic assessments
In this assessment (De Perio et al., 2007) a
Markov model was used to compare the cost ef-
fectiveness of 3 strategies (QuantiFERON-TB
Gold In-Tube, QuantiFERON-TB Gold and
Tuberculin Skin Test (TST) for detecting LTBI in
new health care workers (HCW) with or witho-
ut prior BCG vaccination. It showed that for non-
BCG vaccinated HCW, the incremental cost ef-
fectiveness of QuantiFERON-TB Gold, compa-
red with QuantiFERONTB Gold In-Tube was $
US 14,092/QALY. For BCG vaccinated HCWs, the
incremental cost-effectiveness of QuantiFERON-
TB Gold was $US 103,020/QALY. Sensitivity ana-
lyses show that if the sensitivity of
QuantiFERON-TB Gold In-Tube exceeds that of
QuantiFERON-TB Gold, QuantiFERON-TB
Gold In-Tube is the most effective and least cost-
ly strategy. 
A cost effectiveness analysis was done by Oxlade
O, Schwartzman K and Menzies D (Oxlade et al.,
2007). The researchers used a Markov model to
compare the expected TB cases and costs of va-
rious screening methods among immigrants to
Canada and TB contacts over a period of 20 years.
Sequential screening with TST then QFT was mo-
re cost-effective than QFT alone in all scenarios
and more cost-effective than TST alone in selec-
ted subgroups. In both immigrants and TB con-
tacts who had received BCG vaccination after in-
fancy, QFT was more cost-effective than TST, be-
cause of reduced TST specificity.
M.A. de Perio et al. (De Perio et al., 2009) evalu-
ated the cost-effectiveness of Interferon Gamma
Release Assays vs. Tuberculin Skin Tests in Health
Care Workers. The authors state that the QFT is
more effective and less costly than the TST for
detection of LTBI in both low- and high-preva-
lence populations, independent of BCG vaccina-
tion status. 
At the 2nd Global Symposium on IGRAs in
Dubrovnik, 2009, L. Masae Kawamura (Masae et
al., 2009) presented the Cost Effectiveness
Analysis made in the San Francisco TB Control
Section of the Department of Public Health at the
Francis J. Curry National TB Center. It was found
that the QFT-Gold in tube with investment in au-
tomation is the least costly IGRA (If IGRA chosen,
investment in automation is easily economically
justified). A model predicted IGRA is most cost-
effective choice over wide range of assumptions.
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The testing strategy for different populations sho-
uld be selected based on local characteristics and
experience.
Akiko Kowada from the Department of Health
Service, Katsushika City Public Health Center in
Tokyo, presented two studies at the 2nd Global
Symposium on IGRAs in Dubrovnik, 2009, Cost
effectiveness of IGRAs for tuberculosis contact
screening and Cost effectiveness of IGRAs for an-
nual tuberculosis healthcare worker screening
(Kowada et al., 2009). The main conclusions of
the first study were:
1. The QFT alone strategy is the most cost effec-

tive for TB contact screening in Japan.
2. When the TST specificity is over 0.72, the TST

followed by the QFT strategy is more cost ef-
fective than the QFT alone strategy at the level
of $US 25,000/QALY gained as a willingness
to pay.

3. The QFT alone strategy would be more cost
effective in individuals at high risk of tuber-
culosis mortality, such as the elderly. 

About the cost effectiveness of IGRAs for annual
tuberculosis healthcare worker screening, it was
stated that:
1. The QFT alone strategy is the most cost effec-

tive in BCG vaccinated healthcare workers in
Japan.

2. When the probability of having LTBIs over
0.463, the QFT/Chest X ray strategy is more
cost effective than the QFT alone strategy at
the threshold of $US25,000/QALY as a willin-
gness to pay.

CONCLUSIONS

IGRAs were successfully applied in both active
and LTBI, pulmonary and extrapulmonary TB,
patients with MDR TB, in immunocompromised
individuals with HIV/AIDS. IGRAs could be suc-
cessfully used in patients with transplantation,
immune suppressive therapies, anti-TNF-alpha
treatment, cancers, chronic renal failure and di-
abetes. In addition, the use of IGRAs is success-
ful in children of any age, epidemiological stud-
ies (contact tracing, testing of HCWs), monitoring
of anti-TB therapy and discrimination between
BCG vaccination and MTB infection. 
In immunocompromised hosts, all available da-
ta should be used to demonstrate or exclude la-

tent infection with MTB. The risk of developing
active TB differs among various immunocom-
promising conditions. However, screening for la-
tent infection with MTB in immunocompromised
patients is carried out irrespective of the type of
immunosuppression, because the risk of devel-
oping active TB is probably higher than that of
immunocompetent individuals. Sensitivity of the
TST is limited in immunocompromised individ-
uals and specificity is limited because of cross re-
activity due to prior infection with environmen-
tal mycobacteria or BCG vaccination. IGRAs have
a higher specificity in populations with a high
prevalence of BCG vaccination compared with
TST.
TB-contacts potentially benefiting from preven-
tive therapy should be identified hierarchically
according to likelihood of having become infect-
ed by a putative source and by presence of po-
tentially aggravating risk factors. IGRAs may be
superior to the TST in identifying contacts at risk
of developing TB.
Children are more likely to develop TB than
adults after exposure to an active TB case, hence
contact screening and chemoprophylaxis are par-
ticularly important.
In children with a high risk of infection (espe-
cially young children aged <5 years and im-
munocompromised children) an IGRA should be
performed in addition to the TST to increase sen-
sitivity. If either test gives a positive result, this
may be interpreted as supportive evidence of in-
fection, and the children should be offered pre-
ventive chemotherapy.
Children aged 5 yrs with exposure to sputum
smear-positive TB should also be screened and a
positive TST be confirmed by IGRA, where avail-
able. In cases in which the treating pediatrician
opts not to provide preventive therapy to TST pos-
itive but IGRA - negative children, surveillance for
a minimum of 12-24 months is indicated for ob-
servation and to collect outcome data, until the
positive and negative predictive value of IGRA are
better established in the setting of paediatric TB.
In summary, the following approach could be rec-
ommended in accordance to the setting that
should be tested:
- The two-step approach seems to be the most

favored strategy for IGRA use.
- The two-step approach for use of IGRAs in

young children.
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- The two-step approach for active TB in chil-
dren.

- The two-step approach for use of IGRAs in con-
tacts, especially BCG- vaccinated.

- The use of IGRAs alone in HIV/AIDS patients.
- The use of IGRAs alone prior to anti-TNF-al-

pha therapy.
- The use of IGRAs alone in hemodialysis pa-

tients.
- The use of IGRAs alone in patients receiving

immunosuppressive drug therapy.
- The use of IGRAs alone in patients with organ

transplantation.
- The two-step approach for use of IGRAs in ac-

tive TB.
- The two-step approach for use of IGRAs for se-

rial testing of HCWs.
- The use of IGRAs’ positive predictive value for

the development of active TB is likely to be
equal to or better than that of the TST for im-
munocompetent individuals.
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