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Increasing incidence 
of tuberculosis in 
Tuscan youth, 1997 
to 2011.

Increases were 
particularly profound in 
children <5 years of age, 
reaching 13.3 per 
100,000

(95% CI: 7.8-18.9;

P < 0.0001 for 2011 
vs.1997). 

Chiappini E, Bonsignori F, Orlandini E, 
Sollai S, Venturini E, Galli L, de Martino 
M.Pediatr Infect Dis J 2013;32:1289-91. 
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Carrol ED et al. Paediatr Respir Rev. 2001; 2: 113-119 

rischio di progressione 
verso la malattia attiva:

•43% se < 1 anno di età 

•24% tra 1 - 5 anni di età

•15% negli adolescenti
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Olu è un bambino immigrato  di 24 mesi di età –

è nato in Etiopia - in Italia da 2 mesi  

•Ha ricevuto BCG (Bacille Calmette -Guérin ) a 

•Condizioni generali buone. Non sintomi.

•TST (tuberculin skin test ): 12 mm

•Esegue radiografia 

del torace in due 

proiezioni: negativa

Cosa fareste?
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TBC malattia - Rx o TC torace positiva e:

esame batteroscopico o PCR o colturale 

positivo e/o sintomi suggestivi di malattia 

e/o Mantoux positiva e/o storia di contatto   

e/o IGRA positivo

TBC latente - asintomatico, Mantoux positiva e/o IGRA 
positivo ,  Rx torace negativo

Non infetto - asintomatico, Mantoux negativa e  IGRA 
negativo
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Meta-analisi sull’effetto della 

vaccinazione con BCG sull’esito di TST. 

Wang L. Thorax 2002;57:804 -9
Lƴ ƎŜƴŜǊŀƭŜ ƭΩƛƴǘŜǊǇǊŜǘŀȊƛƻƴŜ ŘŜƛ Ǌƛǎǳƭǘŀǘƛ Řƛ 
TST è la stessa nei soggetti vaccinati o meno 
con BCG-

Il grado di reazione (mm di infiltrazione) 
dipende da :
- età, 
- qualità e ceppo di BCG, 
- numero di dosi di BCG, 
- condizioni nutrizionali e immunitarie del 

bambino, 
- il tempo intercorso dalla vaccinazione,
- la frequenza di test con TST
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American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN

Pediatric Tuberculosis Collaborative 
Group

2004,114:1175-1201

Il trattamento 
dellôinfezione 
latente diminuisce

il rischio di 

evoluzione in 

tubercolosi attiva 

del 90%

Mazurek M. 2010 Jun 25;59(RR-5):1-25. 

Å Unnecessary return visits to 

the clinic

Å Unnecessary chest 

radiographs -TC

Å Unnecessary blood tests

Å Unnecessary isoniazide 

hepatitis

Å Unnecessary liver 

transplants

2 liver transplants per year 

in the U.S. from INH -induced 

acute .
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Limitazioni di TST
Swaminathan S. Clin Infect Dis 2010;50:S184 -94

1. Può essere poco specifico Ą falsi positivi in caso 

di infezione da micobatteri non tubercolari o in 

bambini vaccinati con BCG.

2. La sensibilità è variabile Ą possibili falsi negativi

particolarmente in bambini piccoli, immunodepressi, 

malattia severa (ad esempio forma miliare, pleurite, 

tubercolosi addominale), malnutriti o con co-

morbidità

3. La lettura  è operatore-dipendente 

4. Necessità di due accessi del paziente alla 

struttura sanitaria

5. Effetto booster se ripetuto nel tempo
Department of  Health Sciences 

University of Florence
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IGRAs

Interferon -grelease assays

•QuantiFERON®-TB Gold-

In-Tube test (QFT-GIT)

•T-Spot TB test®
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IGRA (Interferon-grelease assays)

sangue intero
(QuantiFERON-GIT)
o 
linfociti da sangue 
periferico (T-SPOT.TB)

Antigeni

ESAT-6, 
CFP-10 
TB 7.7  (solo in QuantifeFERON-GIT)

incubazione (16-20h)

rilascio IFNg

ELISA ELISPOT

risultato espresso
come IFN-g
(pg/mL o UI/ mL)

risultato espresso
come numero di
linfociti T secernenti 
IFN-g

Positivo > 0.35 

IU/L
Positivo

Negativo

Indeterminato

Positivo > 5 spot
Positivo

Negativo

Indeterminato  

Borderline

Lalvani A. Br Med Bull 2010;93:69

QuantiFERON-GIT
T-SPOT.TB

Department of  Health Sciences 

University of Florence



Department of  Health Sciences 

University of Florence

-assente in M. bovis BCG e micobatteri ambientali 

-presente in M. tuberculosis, M. africanum, M. kansasii, M. 

marinum, M. szuigai

Region of difference 1 (RD1)

Young DB. 

Nat Med 2003;9:503 -4

ESAT-6/CFP10
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n° pubblicazioni

27 Linee Guida per la gestione 
del bambino con TB sospetta o 
accertata (2000 -2013). 
12 esclusivamente pediatriche

Pubblicazioni riguardanti IGRA 
dal 2003 al 2013

A “hot” topic

Berti E, Galli L, Venturini E, de 

Martino M, Chiappini E. 

BMC Infect Dis 2014;14:S3.
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Tuberculosis (TB) is a devastating infectious disease, 

responsible for an estimated 1.2 ð1.5 million deaths and 8.5 ð9.2 

million cases in 2010, with most of these tragic events occurring 

in developing nations (WHO, 2011). 

IMPIEGO DEGLI IGRA NEI PAESI A RISORSE LIMITATE
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In low income countries QFT-G-IT 

pooled sensitivity was  0.57 
(95%IC:0.52-0.61), while T-SPOT.TB 

sensitivity was 0.61 (95%IC 0.57-

0.65).

Higher IGRAs specificity with 
respect to TST was observed in high 
income countries but not in low 
income countries.
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35-52%

19%

16%48%

17%
56%

Prevalenza di HIV -1 fra i bambini con Tubercolosi

Venturini E, Turkova A, Chiappini E, Galli L, de Martino M, 
Thorne C. BMC Infect Dis. 2014;14 Suppl 1:S5
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Effect of Ascarislumbricoidesspecific IgE on 
tuberculin skin test responses in children in a 
high-burden setting: a cross-sectional 
community-based study. Van Soelen N. BMC 
Infect Dis. 2012; 12: 211. 

Effect of micronutrient deficiency on 
QuantiFERON-TB Gold In-Tube test and 
tuberculin skin test in diagnosis of childhood 
intrathoracic tuberculosis Mukherjee A. Eur J 
Clin Nutr 2014;68:38-42.

Malnutrition and helminth
infection affect performance of 
an interferon gamma-release 
assay. Thomas TA.  Pediatrics
2010;125;e1522.9
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TST and IGRAs perform similarly for the detection of M. 
tuberculosis infection in well-nourished HIV-uninfected children, 
but test performance is differentially affected by chronic 
malnutrition, HIV infection and age. 
MandalakasAM. PediatrInfect Dis J 2013;32:e111-8

IGRAs were more likely to be positive in HIV-
uninfected compared with HIV-infected children 

T-SPOT.TB may be less sensitive in 
HIV-infected older children, possibly 
due to a less robust qualitative 
immune response associated with HIV 
disease progression, despite relatively 
preserved CD4 counts. 

lack of correlation between M. tuberculosis-
specific Th1 cells and total CD4+ cell counts in 
HIV-infected adults

The QuantiFERON-TB Gold In-Tube 
QFT-IT is affected by nutritional 
status and HIV-infection status

250 (130 HIV infected) children (age 0.25-14.6 
years, median 39 months)

http://journals.lww.com/pidj/pages/currenttoc.aspx
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Methcalfe JZ. J Infect Dis 2011;204
Suppl 4:S1120-9

chest radiography had better 

NPV even in HIV-infected patients

Are interferon-ʴ ǊŜƭŜŀǎŜ ŀǎǎŀȅǎ ǳǎŜŦǳƭ 
for diagnosing active tuberculosis in a 

high-burden setting?

Given comparable performance but 
increased cost, replacing the TST by 
IGRAs as a public health intervention 

in resource-constrained settings is 
not recommended. 

Neither IGRAs nor the 
TST should be used for 
the diagnosis of active 
TB disease; 
IGRAs are more costly 
and technically 
complex to do than 
the TST. 
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Specificità di IGRA rispetto a TST in bambini vaccinati 

con BCG o con infezione da micobatteri non tubercolari

Proportions of children with 

positive QFT results for 

different TST size categories

and BCG vaccination

histories. Lighter J. Pediatrics

2009;123:30 -7

Bambini con 

linfoadenopatia

Detjen AK. 

Clin Infect Dis 

2007;45:322 -8. 

Test Specificità

QFTȤIT 100%

IC95%: 91%ð100%

TȤSPOT 98%

IC95%: 87%ð100% 

TST 58%

IC 95%: 42%ð73% 

P
o
s
it

iv
i 

(%
)

Vaccinati con BCG

Non vaccinati con BCG

TST (mm)

<10 11-14           >15
n=72

n=207
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diagnosis

IGRA (Quantiferon-TB Gold In Tube )

negative      positive     indeterm.   tot

n (%)           n (%)           n (%)       n

uninfected

251 (90.9)     23   (8.3)     2 (0.7) 276

latent TB 

infection 22 (50.0)      22 (50.0)      0 44

TB disease

1  (6.2)       15 (93.8)      0 16

total 274                 60                2 336

overall agreement TST/IGRA: 288/334 (86.2%)      k = 0.533

% positive IGRA 

Interferon-γ release assay improves the diagnosis 

of tuberculosis in children. 

Bianchi L, Galli L, Moriondo M, Veneruso G, Becciolini L, Azzari C, Chiappini E,   

de Martino M. Pediatr Infect Dis J. 2009:28:510 -4
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Interferon -grelease 
assaysdo not identify

more children with 
active tuberculosis than
the tuberculin skin test. 

333 bambini

49 TB certa 

146 TB probabileQFT-GIT 78%

T-SPOT.TB 66%

TST 82% 

sensibilità

QFT-GIT + TST

96%

T-SPOT.TB + TST

91%

Sensibilità combinando i test

In casi di TB certa

Bamford A. Arch Dis Child 2010;95:180-6

Kampmann B. Eur Respir J 
2009;33:1374-82.
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The utility of an interferon gamma release 

assayfor diagnosisof latenttuberculosis

infectionand diseasein children: a 

systematicreviewand meta-analysis.

Meta-analysis in children

Mandalakas AM.  Int J Tuberc
Lung Dis 2011;15:1018-32 

MachindaidzeS.

PediatrInfectDisJ 2011;30:694-7
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QFT-G 0.84 (95%CI: 0.78 -0.90)

T-SPOT.TB 0.81 (95%CI:0.71 - 0.91)

TST 0.86 (95%CI: 0.80 - 0.92)

sensitivity

QFT-G 0.84 (95%CI: 0.72 -0.95)

T-SPOT.TB 0.81 (95%CI:0.55 - 1.00)

TST 0.74 (95%CI: 0.61 - 0.88)

specificity
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QuantiFERON to diagnose infection by Mycobacterium 
tuberculosis: performance in infants and older children . 
BalndinieresA.  J Infect 2013;67:391

226 immunocompetent
French children (0-15 
years old): 51 presented 
TB disease.

indeterminate results 
were 24% in children <5 years 
old with TB excluded, 

especially with non-TB 
pneumonitis (61%), 

but was low (0-6%) 
regardless of age group in TB 
disease
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Interferon -gamma release assays sensitivity in children 
under 5 years of age is insufficient to replace the use of 
tuberculin skin test in Western countries.
Chiappini E. , Bonsignori F, Mazzantini R, Sollai S, Venturini E, Mangone
G, Cortimiglia M, Olivito B, Azzari C, Galli L, de Martino M.
Pediatr Infect Dis J 2013;32:1289-91

In children <5 years

TST sensitivity Ą 90.0% (95%CI: 79.3-100);

QFT-G-IT sensitivity Ą 73.3% (95%CI: 57.5-89.1); 

T-SPOT.TB sensitivity Ą 59.3% (95%CI: 40.1-77.8). 

338 children (median age 66 months) including 70 active TB
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Differenze nei bambini vs. adulti

• I risultati indeterminati sono riportati con maggior 
frequenza che nella popolazione adulta

• I risultati degli studi sono contrastanti in particolar 
modo in bambini sotto i 5 anni di età

•Eõ possibile che TST abbia sensibilità superiore in 
quanto diversi esplora molteplici meccanismi 
immunologici, rispetto a IGRAs che esplorano solo la 
risposta TH1 mediata (possibilmente immatura nel 
bambino piccolo)

•Diminuita capacità delle APCs a sintetizzare
IL-12, cruciale nella fase iniziale di polarizzazione TH1

Cruz A. Curr Opin Pediatr 2014 ;26:106-13.
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• n= 80 children 

TST and QFT-IT gave a positive result for one (1.2%) patient, while 

a significantly higher (9.4%) proportion of cases were positive by 

TS-TB (P = 0.02). 

due to high rates of discordant and indeterminate results, IGRAs are of 

little help for TB infection management for immune-compromised 

children in a country in which the prevalence of the disease is low

Gamma interferon release assays for diagnosis 

of tuberculosis infection in immune-

compromised children

Bruzzese E. J Clin Microbiol 2009;47:2355 -7
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Contact investigation based on serial interferon -
gamma release assays (IGRA) in children from the 
hematology -oncology ward after exposure to a 
patient with pulmonary tuberculosis. CarvalhoAC. 
Infection 2013;41:827-31

Interferon -gamma release assaysfor the detection
of Mycobacterium tuberculosis infection in 
children with cancer. Stefan DC. Int J Tuberc Lung
Dis 2010;14:689-94

34 bambini

18 bambini

Performance of Tests for Latent Tuberculosis in 
Different Groups of Immunocompromised 
Patients. RicheldiL. Chest2009;136:198-204.

trapiantodi fegatoHIV, neoplasie

331 adulti

Overall, TST provided fewer positive results (10.9%) than TS.TB (18.4%; p < 0.001) and 
QFT-IT (15.1%; p = 0.033). 

Indeterminate blood test results due to low positive control values were significantly 
more frequent with QFT -IT (7.2%) than with TS.TB (0.6%; p < 0.001).
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Could We Avoid Ulysses Syndrome in the Diagnosis of 

Tuberculosis Disease Based on IGRA Testing? 

Agir O. Chest2014 Mar ;145(3 Suppl):139A.
Department of  Health Sciences 

University of Florence



linee -guida NICE (U.K.) 2011 :

in alcune condizioni si consiglia solo IGRA : ad esempio 
«hard -to -reach » group ; in screening di contatti che 
interessino grandi gruppi di persone se di età > 5 anni

In altri casi ¯ previsto lôimpiego combinato di TST/IGRA: 
ad esempio in adulti immunocompromessi : IGRA 
solamente oppure TST+IGRA: sufficiente un solo test 
positivo

http:// www.nice.org.uk/nicemedia/pdf/CG117niceguideline.pdf
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http:// www.nice.org.uk/nicemedia/pdf/CG117niceguideline.pdf
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IGRA e TST non distinguono TB latente da TB attiva 

Neõ IGRAs n® TST rappresentano il ògold standardó per la diagnosi 

Nel bambino immunocompetente dai 5 anni di età in poi IGRA 

possono essere usati al posto di TST per confermare i casi di TB 

attiva o infezione latente e probabilmente saranno associati ad un 

minor numero di risultati falsamente positivi. In particolar modo nei 

bambini che hanno ricevuto BCG

I bambini con IGRA positivo devono essere considerati infetti

Nei bambini con IGRA negativo non è possibile escludere 

l’infezione con certezza

IGRAs non sono raccomandati nei bambini sotto i 5 anni per la mancanza 

di dati e nei bambini immunocompromessi

Il risultato di IGRA indeterminato non esclude lõinfezione tubercolare e non 

deve essere utilizzato per prendere decisioni cliniche

Red Book, 2009 American Academy of Pediatrics
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TST 

IGRA 
TST (IGRA 
accepted)

If negative and not
criteria A: stop; 
otherwise IGRA  

positive and not
criteria B: stop; 
otherwise IGRA  

Criteria A:
1. High clinical suspicious

for TB disease and/or
2. High risk for 

infection, progression, or 
poor outcome

Criteria B:
1. Additional evidence

needed to ensure
adherence and/or

2. Child healthy and at low
risk and/or

3. NTM suspected

If negative and 
not criteria A: 

stop; otherwise
IGRA 

If positive and 
not criteria B: 

stop; otherwise
IGRA 

Negative Positive

repeat

PositiveNegative Indet.

no yes

yes

no yes

no

Jeffrey R. Pediatrics 2014;134:e1763
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Considerare la risposta

quantitativa?

> 100 spot     vs. 10 spot

IGRA: positivo

Department of  Health Sciences 
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338  children: 210 uninfected, 58 LTBI cases, 70 active TB cases
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Correlazione fra risposta quantitativa e  quadro
clinico . 
Chiappini E. , Bonsignori F, Mazzantini R, Sollai S, Venturini E, Mangone
G, Cortimiglia M, Olivito B, Azzari C, Galli L, de Martino M. Pediatr Infect 
Dis J 2013;32:1289-91
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General Recommendations for Use of IGRAs

Both the standard qualitative test 

interpretation and the quantitative assay 

measurements should be reported together 

with the criteria used for test interpretation. 

This will permit more refined assessment of 

results and promote understanding of the tests. 

linee-guida CDC 2010
Mazurek M. MMWR. 2010;59(RR -5):1-25. 
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Should children on antitubercular 
therapy re-tested with an IGRA?
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Utility of interferon-γ release assay results to monitor anti-

tubercular treatment in adults and children
Chiappini E, Fossi F, Sollai S, Galli L, de Martino M. Clin Ther 2012; 

34:1041 -8
Department of  Health Sciences 
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Serial T-SPOT.TB and quantiFERON-TB-Gold In-Tube assays 

to monitor response to antitubercular treatment in italian 

children with active or latent tuberculosis infection.

Chiappini E, Bonsignori F, Mangone G, Galli L, Mazzantini R, Sollai 

S, Azzari C, de Martino M. Pediatr Infect Dis J 2012;31:974 -7

In 44 children, At the 6-month follow-up, reversion rate was 

- 5.88% (95% CI: 0–13.79; 2/34) for QFT-G-IT 

- 9.09% (95% CI: 0.59– 17.58; 4/44) for T-SPOT.TB (P = 0.921). 

All reversions occurred in active TB cases. 

- One conversion was observed in 1 LTBI case (2.94% for QFT-G-IT 

and 2.27% for T-SPOT.TB). 

Department of  Health Sciences 

University of Florence

http://journals.lww.com/pidj/pages/currenttoc.aspx
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Chemokine IP-10: an adjunct marker 

for latent tuberculosis infection in 

children. Lighter J. Int J Tuberc Lung 

Dis 2009;13:731 -6.

IL-2 ELISpot in differentiating recent 

and remote infection in tuberculosis 

contact tracing.

Zrummerl B. PLoS One 2010;5:e11670

Human T-cell responses to 25 novel 

antigens encoded by Mycobacterium 

tuberculosis. Leyten EM. Microbes 

Infect. 2006;8:2052 -6

Response to Rv2628 latency 

antigen associates with 

tuberculosis. Goletti D. Eur Respir 

J 2010;36:135-42.

diverse citochine

diversi antigeni
Department of  Health Sciences 
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Plos One 2012;7:e46041

Role of M. tuberculosis specific 

IFN-γ and IL-2 ELISPOT assays in 

discriminating children with active 

or latent tuberculosis
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Figure 1. A receiver operator characteristic (ROC) plot is shown, illustrating sensitivity and specificity of AlaDH 
IFN-ʴ ŀƴŘ L[-н 9[L{Ǉƻǘ ǊŜǎǳƭǘǎ ƛƴ ŘƛǎŎǊƛƳƛƴŀǘƛƴƎ ŎƘƛƭŘǊŜƴ ǿƛǘƘ ƭŀǘŜƴǘ όƴ Ґ нмύ ŀƴŘ ƻǾŜǊǘ όƴ Ґ нрύ ǘǳōŜǊŎǳƭƻǎƛǎΦ
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Mantoux C. Intradermo-reaction de la tuberculine. 
Comptes rendus de l'Académie des sciences, Paris, 1908; 147: 355-357
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