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Abstract

OBJECTIVES: The tuberculin skin test (TST) has been preferred for screening young children 

for latent tuberculosis infection (LTBI) because of concerns that interferon-γ release assays 

(IGRAs) may be less sensitive in this high-risk population. In this study, we compared the 

predictive value of IGRAs to the TST for progression to tuberculosis disease in children, including 

those <5 years old.

METHODS: Children <15 years old at risk for LTBI or progression to disease were tested 

with TST, QuantiFERON-TB Gold In-Tube test (QFT-GIT), and T-SPOT.TB test (T-SPOT) and 

followed actively for 2 years, then with registry matches, to identify incident disease.

RESULTS: Of 3593 children enrolled September 2012 to April 2016, 92% were born outside 

the United States; 25% were <5 years old. Four children developed tuberculosis over a median 

4.3 years of follow-up. Sensitivities for progression to disease for TST and IGRAs were low 
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(50%–75%), with wide confidence intervals (CIs). Specificities for TST, QFT-GIT, and T-SPOT 

were 73.4% (95% CI: 71.9–74.8), 90.1% (95% CI: 89.1–91.1), and 92.9% (95% CI: 92.0–93.7), 

respectively. Positive and negative predictive values for TST, QFT-GIT, and T-SPOT were 0.2 

(95% CI: 0.1–0.8), 0.9 (95% CI: 0.3–2.5), and 0.8 (95% CI: 0.2–2.9) and 99.9 (95% CI: 99.7–

100), 100 (95% CI: 99.8–100), and 99.9 (95% CI: 99.8–100), respectively. Of 533 children with 

TST-positive, IGRA-negative results not treated for LTBI, including 54 children <2 years old, 

none developed disease.

CONCLUSIONS: Although both types of tests poorly predict disease progression, IGRAs are no 

less predictive than the TST and offer high specificity and negative predictive values. Results from 

this study support the use of IGRAs for children, especially those who are not born in the United 

States.

Reactivation of latent tuberculosis infection (LTBI) accounts for >80% of tuberculosis 

cases in the United States.1 Because treatment of LTBI can prevent progression to disease, 

detection and treatment of LTBI is essential to tuberculosis elimination in the United States.2 

Children are a priority for LTBI screening because once infected (1) they are at high risk of 

progression to disease in the absence of treatment, (2) they are more likely to develop severe 

disease (eg, meningeal and miliary tuberculosis), and (3) those who do not develop disease 

in childhood are a reservoir for future tuberculosis cases.3,4

The optimal testing strategy for LTBI in children is unclear. The tuberculin skin test (TST) 

has been in use for more than a century, but its specificity is limited by cross-reactivity 

of TST antigens with those of nontuberculous mycobacteria5,6 and the bacillus Calmette-

Guerin (BCG) vaccine, given to newborns in >80% of countries worldwide.7 Interferon-γ 
release assays (IGRAs), available since 2000, measure in vitro IFN-γ production by T 

lymphocytes after stimulation with Mycobacterium tuberculosis–specific antigens not found 

in any BCG strain or in most nontuberculous mycobacteria. The 2 commercially available 

IGRAs, QuantiFERON test8 and T-SPOT.TB test9 (T-SPOT), offer additional advantages of 

a single visit for phlebotomy and results that avoid variability because of subjectivity in 

interpretation observed with TSTs.10

Current US guidelines recommend IGRAs for children ≥5 years old, for whom the risk 

of progression to disease is the same as for adults.11 TST is recommended for younger 

children, in whom the risk of progression to tuberculosis is 4 to 5 times higher, primarily 

on the basis of studies that suggest diminished IGRA sensitivity in this age group.10,12,13 

On the basis of more recent data, the American Academy of Pediatrics amended the age 

for the preferred use of TST to those <2 years old.14,15 Questions remain, however, about 

which test is best for screening children, especially children not born in the United States 

in whom use of TST may result in overdiagnosis and overtreatment of LTBI.15 The only 

reference standard for LTBI is eventual development of culture-proven disease. The positive 

predictive value (PPV) of TST for progression to disease has been established by multiple 

longitudinal studies.16–18 The predictive value of IGRAs in children is unclear because 

longitudinal studies involving IGRAs are scarce. There have been numerous requests for 

a prospective cohort study comparing IGRAs to TST in regard to their ability to predict 

progression to disease in this population.19–21 For clinicians, an important outcome from 
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such studies would be the negative predictive value (NPV) of an IGRA result for subsequent 

development of tuberculosis disease.

We analyzed data from children enrolled in a large prospective longitudinal study to 

compare the predictive value of commercially available tests. Our objective was to identify 

optimal testing strategies for the detection of LTBI in children overall, children <5 years old, 

and children born outside of the United States.

METHODS

Study Population

The Tuberculosis Epidemiologic Studies Consortium (TBESC), funded by the Centers for 

Disease Control and Prevention (CDC), is a partnership of academic and public health 

programs in 11 states. TBESC-affiliated clinics recruited individuals at risk for LTBI or 

progression to tuberculosis to assess the ability of TST and IGRAs to predict tuberculosis 

disease. Children who were <15 years old and enrolled from September 2012 to April 2016 

constituted the study population.

A child was eligible for enrollment if she or he was (1) a close contact (≥8 hours in 

a week) with an individual with infectious tuberculosis who (a) was part of an ongoing 

contact investigation and (b) had either a positive culture result or a negative culture result 

but positive smear result and positive nucleic acid amplification test result, (2) born in 

a country whose population in the United States had a high (≥100 cases per 100 000 

population) rate of tuberculosis22 (Supplemental Table 6), (3) a recent arrival (≤5 years) 

from a country whose population in the United States had a moderate (10–99 cases per 

100 000 population) rate of tuberculosis22 (Supplemental Table 7), (4) a member of a local 

population with documented LTBI prevalence ≥25%, or (5) a person with HIV infection. 

Participants enrolled as members of local populations with LTBI prevalence ≥25% were 

homeless or born in Mexico. Results for homeless persons were reported as a separate 

category; those for Mexican-born persons were included in results for participants not born 

in the United States.

We excluded from this analysis results for participants who (1) were diagnosed with 

tuberculosis disease during screening, (2) were enrolled as contacts of source cases with 

negative culture, smear, and nucleic acid amplification test results for M tuberculosis, (3) 

lacked valid TST results, or (4) did not have at least 1 valid IGRA result. The study was 

approved by each site’s institutional review board (IRB), or the site relied on the CDC IRB. 

All participants had parental consent; written assent was obtained as required by individual 

IRBs.

Study Procedures

Study personnel collected demographic and LTBI-related risk information using a 

standardized questionnaire. Participants had blood drawn for QuantiFERON-TB Gold 

In-Tube test (QFT-GIT) and T-SPOT followed by TST placement. TST induration was 

measured at 48 to 72 hours (±4 hours); an induration ≥5 mm was interpreted as positive 

for contacts or those with HIV; ≥10 mm was positive for all others. The QFT-GIT and T-
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SPOT were processed and interpreted according to manufacturers’ instructions.8,9 A positive 

T-SPOT result was defined by US standards as ≥8 spots. Participants with indeterminate or 

invalid IGRA results were retested; repeat indeterminate or invalid results were excluded 

from analysis. All tests were completed before LTBI treatment initiation.

Sites made their own decisions about how to define an LTBI diagnosis, whether to treat, and 

which LTBI regimens to use. Treated participants were defined as those who completed 

or were still on LTBI treatment when diagnosed with tuberculosis disease; untreated 

participants never started or did not complete treatment of LTBI.

Sites diagnosed tuberculosis disease as laboratory confirmed or clinically verified, on 

the basis of CDC definitions.23 An incident case was 1 diagnosed after enrollment in a 

participant who had a radiograph before diagnosis that excluded tuberculosis.

Participants with at least 1 positive test result of the 3 tests performed were contacted every 

6 months for 2 years, regardless of LTBI treatment history. Study personnel interviewed 

participants’ parents by using standardized questions to determine if tuberculosis disease 

had developed since enrollment. For this cohort, the last follow-up was in June 2018. For 

all participants, regardless of test results, sites conducted semiannual matches between their 

study databases and their state tuberculosis disease registries; the last registry match for this 

analysis was in June 2018. In addition, sites contacted the state health departments for all 

children who moved out of state during the study to identify any cases who would not have 

been entered into the site’s state tuberculosis registry.

Statistical Analysis

The proportion positive by each test was defined as the number of participants with positive 

results divided by the total number of participants with test results, for TST, QFT-GIT, 

and T-SPOT separately. We used the Cochran-Armitage trend test to assess the association 

between single test positivity and age (age groups: <2, 2–4, 5–9, 10–14 years). For test 

agreement, IGRA was considered a positive result if either QFT-GIT or T-SPOT was 

positive; otherwise, IGRA was negative. TST-IGRA combinations with 1 positive and 1 

negative result were considered discordant. Test agreement was evaluated with percent 

concordance between TST and IGRA results and with Cohen’s κ. Person-years were based 

on the number of years between enrollment and the date of tuberculosis disease diagnosis 

or the substudy stop date of June 28, 2018, whichever was earlier. The incidence rate per 

100 000 person-years was computed for each test result and TST-IGRA combination; 95% 

confidence intervals (CIs) were calculated on the basis of a Poisson distribution. Sensitivity, 

specificity, PPV, and NPV for progression to tuberculosis disease were calculated for each 

test, along with their 95% CIs (Wilson). All statistics were calculated with SAS Version 9.4 

(SAS Institute, Inc, Cary, NC). Right censoring was not taken into account for the statistical 

analyses.
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RESULTS

Demographics

Of 3720 children enrolled, data for 3593 were eligible for analysis (Fig 1). The median 

age at enrollment was 8.6 years (interquartile range: 5.0–11.8). Children <5 years old 

and <2 years old accounted for 25.0% and 6.1% of the population, respectively. Almost 

all (92.0%) participants were born outside of the United States (Table 1). Most US-born 

children (95.1%) and 3% of non–US-born children were contacts. BCG vaccination was 

self-reported for 2340 (70.8%) non–US-born and 18 (6.2%) US-born children.

Test Results

Three test results were available for all but 100 of 3593 children. The majority (71.3%) 

of children had negative results for all 3 tests; 6.5% were positive on all 3 tests, including 

10.9% of US-born and 6.1% of non–US-born children. Thirty-three children (0.9%) had 

indeterminate QFT-GIT results and 15 (0.4%) invalid T-SPOT results before retesting 

(Supplemental Table 8). Among non–US-born children, there were approximately one-third 

as many with IGRA-positive results (317 out of 3304) compared with TST-positive results 

(901 out of 3304) (Table 2). The proportion positive for each test was 27.3% for TST, 

9.3% for QFT-GIT, and 6.8% for T-SPOT for non–US-born children and 19.9%, 18.0%, 

and 11.5%, respectively, for US–born. The proportion with a positive IGRA increased 

significantly with age among non–US-born children (P < .001) but not among US-born 

children (Fig 2, Supplemental Table 9). Compared with US-born children, non–US-born 

children had a significantly higher proportion of TST-positive, IGRA-negative results 

(19.3% vs 4.9%, P < .001) (Table 2).

Test Agreement

Overall agreement between TST and IGRAs was 80.1% (κ = 0.37), influenced primarily 

by TST-negative, IGRA-negative results (2572, 71.6%). Concordance was 92.0% (κ = 

0.74) among US-born children and 79.1% (κ = 0.34) among non–US-born children. More 

than 90% of the discordant results were TST positive and IGRA negative, including 

60.9% among US-born and 92.2% among non–US-born participants Among non–US-born 

children, those <2 years old had the lowest concordance and the highest proportion of 

TST-positive, IGRA-negative results (32.5%, Supplemental Table 10). Agreement between 

QFT-GIT and T-SPOT was 93.0% for US-born and 96.8% for non–US-born children (data 

not shown). Among those with at least 1 positive IGRA result, 61.5% of US-born and 65.1% 

of non–US-born children had positive results for both (Supplemental Table 11).

Progression to Disease

Four children developed culture-confirmed pulmonary tuberculosis during a median follow-

up of 4.3 years (interquartile range: 3.2–5.0). Two were 7-month-old US-born twins exposed 

to a common source. Both twins developed tuberculosis disease 2 months after enrollment. 

The twin with all negative results developed disease while on isoniazid prophylaxis pending 

retesting 8 to 10 weeks after the first round of tests. The other twin had a positive QFT-GIT 

result but a negative T-SPOT result and developed disease while on LTBI treatment with 
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isoniazid. The other 2 children, both born outside of the United States, had positive results 

for all 3 tests; 1 developed disease 19 months after enrollment and completion of 6 months 

of isoniazid; the other developed disease 11 months after enrollment and was not treated for 

LTBI because the participant had previously received 6 months of treatment of tuberculosis 

disease (Table 3).

Among untreated children, 0.16% (1 out of 630) with positive TST results developed disease 

compared with 0.81% (1 out of 124) with positive QFT-GIT results and 1.3% (1 out of 78) 

with positive T-SPOT results. None of the 533 untreated children who had positive TST 

results and negative IGRA results, including 54 children <2 years old, developed disease 

(Table 4).

The sensitivities of TST, QFT-GIT, and T-SPOT for progression to tuberculosis disease were 

50%, 75%, and 50%, respectively, with wide CIs. The NPVs were high and the PPVs low 

for all 3 tests (Table 5).

DISCUSSION

This is the largest prospective longitudinal investigation to compare predictive values of 

IGRAs and TST in children. More than 90% of participants were individuals born outside 

of the United States, a priority group for tuberculosis elimination efforts, and 25% were 

<5 years old. In this cohort, both IGRAs and TST were poor predictors of progression 

to disease, with PPVs of <1%, although IGRAs performed no worse than the TST. These 

low values are expected given known low rates of progression to tuberculosis disease and 

modification of progression by LTBI treatment. More important to the clinician, IGRAs had 

high NPV. None of the 533 children untreated for LTBI who had positive TST results and 

negative IGRA results, including 54 children <2 years of age, developed disease after a 

median 4.3 years of follow-up. IGRAs also demonstrated high specificity, with ~70% fewer 

positive results compared with TST in non–US-born children. The results support the use of 

IGRAs to screen for LTBI in children of any age, especially those who are born ourside of 

the United States.

One of the primary obstacles to the use of IGRAs in young children has been the paucity of 

longitudinal data on their ability to predict tuberculosis disease in this age group. Previous 

investigations demonstrating equivalence of IGRAs and TSTs were focused mainly on adult 

contacts and adolescents.24–26 Among limited pediatric studies, 1 identified 6 incident cases 

among 104 German children ≤15 years old who were followed for 4 years; the 28.6% of 

untreated children who had positive results for QFT-GIT who developed tuberculosis disease 

was not significantly different from the 15% of children who had positive TST results 

who developed disease.27 For 908 Turkish household contacts ≤15 years old, 15 of whom 

developed tuberculosis within 2 years, tuberculosis incidence was similar for children with 

positive ELISpot and TST results.28 Only a minority of cases in both studies were culture 

confirmed. Our study’s inclusion of 900 children <5 years old and 219 children <2 years old 

fills an important knowledge gap.
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An important consideration for clinicians is whether potential for progression to tuberculosis 

will be missed by reliance on IGRAs instead of TSTs. Lack of agreement between 

TST and IGRA results, particularly among young and/or BCG-vaccinated children, is 

commonly reported in the literature and observed in clinical practice.15,20,29–31 Among 

California children followed for 5.7 years, none of 146 untreated children with TST-positive, 

IGRA-negative results, including 54 children <5 years old, developed disease.29 We found 

discordance, represented primarily by TST-positive, IGRA-negative results, to be more 

common in non–US-born children, particularly those <2 years old. More than 80% of 

652 participants in our study with TST-positive, IGRA-negative results were not treated 

for LTBI; no cases of tuberculosis disease were identified among these children during 

follow-up. On the basis of this evidence, clinicians can be reassured that they can rely on 

negative IGRA results.

Our findings also underscore that use of TST likely results in overdiagnosis, which 

could lead to overtreatment of LTBI in non–US-born children. In several earlier studies, 

researchers have suggested that the use of TST results in the overdiagnosis of LTBI in 

children emigrating from areas of high tuberculosis endemicity.6,15,20,29–32 In an analysis of 

children diagnosed with LTBI preimmigration by TST, only 23% were positive postarrival 

by IGRA.30 In another study, investigators found similar discrepancies in children 2 to 

14 years old tested with TST and QFT-GIT in preimmigration clinics: 26% were positive 

by TST and 5.6% by QFT-GIT.15 In the larger study of which this analysis is a part, 

TBESC investigators used latent class analysis to predict test characteristics on the basis 

of initial test results from 10 740 adults and children. They concluded that IGRAs had 

greater specificity among the 464 non–US-born children <5 years old.6 Our results support 

and expand on these earlier findings. Of note, we found a significant association between 

older age and positive IGRA results in non–US-born children, as would be expected with 

cumulative exposure to tuberculosis disease in high-incidence countries. No such trend 

was apparent for positive TSTs, which suggests that TST results do not correspond with 

presumed tuberculosis exposure in non–US-born children. Because most US-born children 

were close contacts, their test results did not reflect cumulative exposure and therefore 

were not associated with age. On the basis of our findings, replacing TSTs with IGRAs 

for non–US-born children could reduce the number of children diagnosed with LTBI by 

approximately two-thirds. This would translate to fewer radiographs and fewer children 

considered for LTBI treatment and improve use of scarce tuberculosis control resources.

An additional concern about routine use of IGRAs in young children has been the higher 

proportion of indeterminate QFT results reported in children <5 years old compared with 

older children.10,33 We found a low proportion of indeterminate results (0.9%); although the 

proportion was higher in the youngest children, >97% had interpretable results. Although 

indeterminate results require repeat testing, the observed percent of indeterminate results is 

lower than the proportion of persons who fail to return to have the TST read (6% to 11%), 

which also requires retesting.34,35

Strengths of this study include (1) a large cohort of children <5 years old; (2) data 

on outcomes for >500 untreated children with TST-positive, IGRA-negative results; (3) 

inclusion of all commercially available tests for LTBI; and (4) culture confirmation of all 
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cases. The study’s main limitation was the small number of incident cases. This was not 

unexpected because half the children with single positive test results were treated. Other 

studies have shown that only 1% to 13% of IGRA-positive contacts develop tuberculosis 

disease over 2 years of follow-up, even in high-burden countries.36 Because of the limited 

number of tuberculosis cases, we could not evaluate possible predictors of progression 

to tuberculosis disease and compare incidence rates between subpopulations because the 

mathematical models needed would not converge. Another limitation is inherent to the tests 

and the population tested: IGRAs and TSTs measure immune response, which is likely to 

vary in young children. For example, 1 infant with negative results on all 3 tests developed 

disease during treatment of LTBI; the infant’s twin, who also developed disease, had a 

positive QFT-GIT result but negative T-SPOT and TST results. This emphasizes the need 

for clinical judgment in the application of these useful but imperfect tests, particularly in 

high-risk patients, and the need for better diagnostic tools.

This study’s findings have important implications for tuberculosis elimination efforts in the 

United States. Our findings support the use of IGRAs in children of all ages and especially 

non–US-born children, a priority group for LTBI detection and treatment. As rates of 

tuberculosis disease in the United States continue to decline, diminished competency with 

administration and interpretation of the TST will increasingly compromise this test’s utility. 

The value of IGRAs in tuberculosis moderate- and high-burden settings remains unclear. 

In the United States, where LTBI detection and treatment are paramount to tuberculosis 

elimination, preferential use of IGRAs may provide substantial benefits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

BCG bacillus Calmette-Guerin

CDC Centers for Disease Control and Prevention

CI confidence interval

IGRA interferon-γ release assay

IRB institutional review board

LTBI latent tuberculosis infection

NPV negative predictive value

PPV positive predictive value

QFT-GIT QuantiFERON-TB Gold In-Tube test

TBESC Tuberculosis Epidemiologic Studies Consortium

T-SPOT T-SPOT.TB test

TST tuberculin skin test
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WHAT’S KNOWN ON THIS SUBJECT:

The tuberculin skin test (TST) has been the preferred test for screening young children 

for latent tuberculosis infection because of concerns that interferon-γ release assays 

(IGRAs) could miss infections in this high-risk population.

WHAT THIS STUDY ADDS:

In this cohort of 3593 children followed for a median 4.3 years, IGRAs had higher 

specificities than TST and high negative predictive value. None of 533 untreated children 

who had positive TST results and negative IGRA results, including 54 children <2 years 

old, developed tuberculosis disease.
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FIGURE 1. 
Flow diagram of selection of participants for analysis.
aNegative results for culture, smear, and nucleic acid amplification tests.
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FIGURE 2. 
Percentage of positive tests, by age group, for (A) US-born childrena and (B) non–US-born 

children. aAll TST and T-SPOT results were negative for US-born children < 2 years.
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TABLE 1

Demographic Characteristics and Medical and Social Risk Factors of Study Participants, by Age Group

Characteristic All Ages (N = 
3593)

<2 y (n = 219) 2–4 y (n = 681) 5–9 y (n = 1273) 10–14 y (n = 
1420)

Male, n (%) 1813 (50.5) 122 (55.7) 332 (48.8) 645 (50.7) 714 (50.3)

Born outside of the United States
a
, n (%)

3304 (92.0) 197 (90.0) 631 (92.7) 1166 (91.6) 1310 (92.3)

Region of birth, n (%)

 Africa 741 (20.6) 30 (13.7) 147 (21.6) 301 (23.6) 263 (18.5)

 Americas 509 (14.2) 23 (10.5) 65 (9.5) 180 (14.1) 250 (17.6)

 Eastern Mediterranean 611 (17.0) 23 (10.5) 103 (15.1) 236 (18.5) 249 (17.5)

 Europe 42 (1.2) 7 (3.2) 8 (1.2) 18 (1.4) 10 (0.7)

 Southeast Asia 1058 (29.4) 55 (25.1) 165 (24.2) 385 (30.2) 453 (31.9)

 Western Pacific 547 (15.2) 79 (36.1) 189 (27.8) 149 (11.7) 190 (13.4)

 Unknown 15 (0.4) 2 (0.9) 4 (0.6) 4 (0.3) 5 (0.4)

Race or ethnicity
b
, n (%)

 Asian 1222 (34.0) 96 (43.8) 270 (39.6) 378 (29.7) 478 (33.7)

 Black or African American 777 (21.6) 32 (14.6) 131 (19.2) 294 (23.1) 320 (22.5)

 White or Caucasian 190 (5.3) 6 (2.7) 33 (4.8) 82 (6.4) 69 (4.9)

 Native Hawaiian or Pacific Islander 72 (2.0) 2 (0.9) 5 (0.7) 32 (2.5) 33 (2.3)

 Hispanic or Latino 284 (7.9) 10 (4.6) 34 (5.0) 108 (8.5) 132 (9.3)

 Other 951 (26.5) 61 (27.9) 187 (27.5) 354 (27.8) 349 (24.6)

 Unknown or refused 132 (3.7) 11 (4.6) 23 (3.4) 37 (2.9) 61 (4.3)

Reason for enrollment
c
, n (%)

 Contact 378 (10.5) 24 (11.0) 67 (9.8) 142 (11.2) 145 (10.2)

 Born outside of the United States
d 3198 (89.0) 195 (89.0) 612 (89.9) 1126 (88.5) 1265 (88.1)

 Homeless
e 3 (0.1) 0 (0.0) 0 (0.0) 1 (0.1) 2 (0.1)

 ≥30 d in a high-risk country in the last 5 
y

11 (0.3) 0 (0.0) 1 (0.1) 4 (0.3) 6 (0.4)

 HIV infected 3 (0.1) 0 (0.0) 1 (0.1) 0 (0.0) 2 (0.1)

 BCG vaccination
f 2358 (65.6) 146 (66.7) 450 (66.1) 820 (64.4) 942 (66.3)

a
Country of birth is unknown for 2 children.

b
Not mutually exclusive.

c
Listed in hierarchical order.

d
Includes Mexican-born participants who were enrolled as members of a local population with documented LTBI prevalence ≥25%.

e
Member of a local population with documented LTBI prevalence ≥25%.

f
Based on self-report.
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TABLE 2

Combination Test Results by Age Group and Nativity

Test Result Combination All Ages <2 y 2–4 y 5–9 y 10–14 y

Born in the United States

 Two test combinations

  TST+ and IGRA+
a
, n (%) 43 (15.0)

b 0 (0.0) 9 (18.4) 18 (16.8) 16 (14.6)

  TST+ and IGRA−
c
, n (%) 14 (4.9)

b 0 (0.0) 2 (4.1) 6 (5.6) 6 (5.5)

  TST− and IGRA+, n (%) 9 (3.1) 1 (4.8) 0 (0.0) 2 (1.9) 6 (5.5)

  TST−and IGRA−, n (%) 221 (77.0) 20 (95.2) 38 (77.6) 81 (75.7) 82 (74.6)

 Three test combinations

  Triple +
d
, n (%)

31 (10.9) 0 (0.0) 6 (12.2) 14 (13.2) 11 (10.1)

  Triple −
e
, n (%)

218 (76.8) 19 (95.2) 38 (77.6) 80 (75.5) 81 (74.3)

Born outside of the United States

 Two test combinations

  TST+ and IGRA+, n (%)
263 (8.0)

b 1 (0.5) 22 (3.5) 79 (6.8) 161 (12.3)

  TST+ and IGRA−, n (%)
638 (19.3)

b 64 (32.5) 132 (20.9) 168 (14.4) 274 (20.9)

  TST−and IGRA+, n (%) 54 (1.6) 1 (0.5) 5 (0.8) 22 (1.9) 26 (2.0)

  TST− and IGRA−, n (%) 2349 (71.1) 131 (66.5) 472 (74.8) 897 (76.9) 849 (64.8)

 Three test combinations

  Triple +, n (%) 195 (6.1) 1 (0.5) 11 (1.8) 61 (5.4) 122 (9.7)

  Triple −, n (%) 2272 (70.9) 126 (66.3) 458 (74.2) 872 (76.6) 816 (64.7)

−, negative; +, positive.

a
QFT-GIT–positive or T-SPOT–positive result.

b
P < .001 for comparison of born in the Unites States to not born in the United States.

c
QFT-GIT–negative and T-SPOT–negative results.

d
TST-positive, QFT-GIT–positive, and T-SPOT–positive results.

e
TST-negative, QFT-GIT–negative, and T-SPOT–negative results.
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TABLE 4

Incidence Rates per 100 000 Person-Years for Single Test and Combination Test Results in Participants 

Treated and Untreated for LTBI

Test Result All Participants Untreated Treated
a

No. 
Cases IR

b
 (95% CI) No. 

Cases
No. 

Participants
No. PY No. 

Cases
No. 

Participants
No. PY

Single test results

 TST+ 2 49 (12–197) 1 630 2639 1 328 1414

 TST− 2 19 (5–75) 0 2604 10 545 2 31 122

 QFT-GIT+ 3 200 (65–620) 1 124 524 2 231 976

 QFT-GIT− 1 8 (1–54) 0 3088 12 563 1 128 560

 T-SPOT+ 2 189 (47–755) 1 78 333 1 173 726

 T-SPOT− 2 15 (4–60) 0 3082 12 514 2 182 792

Combination test results

 TST+ and IGRA+ 2 154 (39–616) 1 97 413 1 209 885

 TST+ and IGRA− 0 0 0 533 2226 0 119 528

 TST− and IGRA+ 1 389 (55–2762) 0 33 135 1 30 121

 TST− and IGRA− 1 10 (1–68) 0 2571 10 410 1 NA NA

IR, incidence rate; NA, not available; PY, person-years; −, negative; +, positive.

a
Completed LTBI treatment or was on LTBI treatment when diagnosed with tuberculosis.

b
Number of tuberculosis cases per 100 000 person-years.
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TABLE 5

Sensitivity, Specificity, PPV, and NPV of TST, QFT-GIT, and T-SPOT for Predicting Progression to 

Tuberculosis, Based on Incident Disease

Test Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

TST 50.0 (15.0–85.0) 73.4 (71.9–74.8) 0.2 (0.1–0.8) 99.9 (99.7–100.0)

QFT-GIT 75.0 (30.1–95.4) 90.1 (89.1–91.1) 0.9 (0.3–2.5) 100.0 (99.8–100.0)

T-SPOT 50.0 (15.0–85.0) 92.9 (92.0–93.7) 0.8 (0.2–2.9) 99.9 (99.8–100.0)
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