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Abstract

Background.—Interferon-gamma release assay utilization in pediatric tuberculosis (TB) 

screening is limited by a paucity of longitudinal experience, particularly in low-TB burden 

populations.

Methods.—We conducted a retrospective review of QuantiFERON (QFT)-TB Gold results in 

San Francisco children from 2005 to 2008. Concordance with the tuberculin skin test (TST) 

was analyzed for a subset of children. Progression to active disease was determined through San 

Francisco and California TB registry matches.

Results.—Of 1092 children <15 years of age, 853 (78%) were foreign-born, and 136 (12%) 

were exposed to active TB cases (contacts). QuantiFERON tests were positive in 72 of 1092 

(7%) children; 15 of 136 (11%) recent contacts; 53 of 807 (7%) foreign-born noncontacts; and 

4 of 149 (3%) US-born noncontacts. QuantiFERON-negative/TST-positive discordance was seen 

more often in foreign-born/bacille Calmette-Guerin (BCG)-vaccinated children <5 years of age 

(52 of 56, 93%) compared to those ≥ 5 years of age (90 of 123, 73%; P = .003). Foreign-born, 

BCG-vaccinated children were more than twice as likely to have a discordant (79%) result as 

US-born, non-BCG-vaccinated children (37%; P < .0001). During 5587 person-years of follow-up 

of untreated children, including 146 TST-positive/QFT-negative children, no cases of active TB 

were identified, consistent with a negative predictive value of 100%.

Conclusions.—Our experience supports the use of QFT to evaluate latent TB infection in 

children, particularly young BCG-vaccinated children. The proportion of QFT-positive results 

correlated with risk of exposure, and none of the untreated QFT-negative children developed 
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TB. The low QFT-positive rate highlights the need for more selective testing based on current 

epidemiology and TB exposure risk.
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INTRODUCTION

Diagnostic tests that identify pediatric latent tuberculosis infection (LTBI) and reliably 

exclude infection in asymptomatic individuals, regardless of exposure, is important because 

children under age 4, and between ages 10 and 15, are at greater risk for rapid progression 

from asymptomatic infection to active tuberculosis (TB) disease than adults [1, 2]. Despite 

well known performance limitations, such as poor specificity due to tuberculin cross-

reactivity with nontuberculous mycobacteria (NTM) and bacille Calmette-Guerin (BCG), 

the tuberculin skin test (TST) is routinely used for LTBI screening in children [3–5]. False-

positive TST results are of most concern in low-TB incidence areas, such as the United 

States, which have significant foreign-born, BCG-vaccinated populations [5–8].

In the last decade, interferon-gamma release assays (IGRAs) became available for the 

evaluation of LTBI [4, 9]. Diverse studies, mainly performed in adults, demonstrate the 

superior specificity of IGRAs in populations at risk for TB infection. When compared with 

the TST, IGRA results better correlate with TB exposure history and, unlike the TST, lack 

cross-reactivity with the majority of NTMs and BCG [10–13]. Although pediatric studies 

are limited, the accumulating evidence indicates that IGRAs are highly specific and well 

correlated with exposure history in children [14–19].

The American Academy of Pediatrics (AAP) Red Book [20] recommends the preferential 

use of IGRAs over the TST for TB testing in children ≥5 years who are BCG vaccinated; 

however, the TST is preferred, and IGRAs are acceptable for all children age <5 with 

the qualification that IGRAs should generally not be used in those age <2 due to lack 

of data [20].Despite these guidelines, the use of IGRAs in pediatrics is variable and 

limited, including use in older BCG-vaccinated children. In the Baltimore Department of 

Public Health, QuantiFERON-TB Gold In-tube (QFT-GIT) use was significantly lower 

in younger patients: 7% of those ages 2–12 and 64% of those ages 12–17, compared 

to 76% for individuals age ≥18 [21].Issues raised regarding the routine use of IGRAs 

in pediatrics include the following: rates of indeterminate results in young children, 

interpretation and management of TST-positive/IGRA-negative results, operational issues 

regarding phlebotomy in young children, and lack of longitudinal experience informing 

sensitivity and predictive value [4, 8, 22–28].

The City and County of San Francisco has a population of approximately 826 000 (2012); 

36% are foreign-born (2007–2011; http://quickfacts.census.gov/qfd/states/06/06075.html). 

Tuberculosis incidence in San Francisco is significantly higher than the United States with 

an annual average rate of 16.0 cases per 100 000 (range, 14.1–17.8 per year) (program data, 

2005–2012; www.sftbc.org) compared to 4.5 per 100 000 for the United States during the 
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same time frame [29]. On average, 4 children <15 years old are diagnosed with active TB 

each year, representing 3% of the total TB incidence in San Francisco.

The San Francisco Department of Public Health (SFDPH) regularly utilizes QFT for 

TB screening in populations less likely to return for TST reading (ie, homeless), BCG-

vaccinated persons, and other high-risk groups, including children [30]. Children tested for 

TB are new immigrants, contacts to active TB cases, and US-born children, with or without 

an identified TB risk, whose healthcare providers elect to use a TB test to fulfill school 

entry requirements. In this study, we retrospectively examine results of QFT tests performed 

on children in San Francisco between 2005 and 2008, evaluated concordance rates in those 

who were also tested with the TST, and report results from San Francisco and California TB 

registry matches to identify the development of active TB.

METHODS

Tuberculosis Screening and Evaluation

The San Francisco Department of Public Health operates 12 community-based, primary 

care health centers and collaborates with more than 20 community-based organizations that 

routinely screen children for TB in accordance with local and national guidelines [30].

During the study period, community-based screening involved symptom review, risk 

assessment, and a TST or QFT. If either the symptom screen or TST/QFT results were 

positive, patients were referred to the TB clinic for a chest radiograph and medical 

evaluation. Known contacts to contagious TB cases or children requiring screening upon 

immigration to the United States had initial screening performed at the TB clinic. During the 

TB clinic evaluation, if a prior TST was suspected to be falsely positive, based on a lack of 

significant exposure and/or a history of BCG vaccination, the physician may have ordered a 

QFT.

In asymptomatic children with a negative chest radiograph, a final diagnosis of LTBI was 

based on the results of the positive QFT (regardless of the TST result, if performed). 

Nevertheless, based on the physician’s individual assessment, a small subset of children with 

a negative QFT and a current or prior positive TST were given a final diagnosis of LTBI 

and were managed accordingly. In children with indeterminate QFT results, the test was 

generally repeated and the result of the subsequent test was used to determine LTBI status; 

if the result was again indeterminate (or the QFT was not repeated), the final diagnosis was 

based on the most recent TST result.

Window prophylaxis with isoniazid (INH) was recommended for contacts <5 years of 

age pending results of repeat testing 8 weeks from last exposure [20]. Some TST-positive 

children may have initiated LTBI treatment and subsequently discontinued the regimen upon 

being QFT-negative. In children given a final diagnosis of LTBI, a treatment regimen of 9 

months of INH was recommended; however, not all children underwent treatment.
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Testing

QuantiFERON-Gold ([QFT-G] second generation test) was initially performed at all testing 

sites. At select clinics, including the TB clinic, QFT-G was replaced by QFT-GIT (Gold 

In-TB, third-generation test) between January and December 2008. Blood was collected 

Monday through Thursday for QFT-G and Monday through Friday for QFT-GIT and 

submitted to the SFDPH laboratory.

Collection and laboratory processing were done according to the manufacturer’s instructions 

(Qiagen, Valencia, CA), and specimens were incubated on site at the TB clinic or SFDPH 

laboratory, no more than 8 hours after specimen collection. Results were interpreted 

according to published guidelines [31]. Tuberculin skin testing was done Monday through 

Friday by the Mantoux method with Tubersol and interpreted according to published 

guidelines [30]; specifically, ≥10 mm induration was considered positive for all noncontacts 

and ≥5 mm induration for all contacts.

Study Eligibility

Children <15 years of age identified in the SFDPH laboratory information system as having 

a QFT test performed March 1, 2005–December 31, 2008 were included in the study. For 

children with more than 1 recorded QFT during the study period, the latest test result was 

included in the study. Children with missing foreign-born status and/or race/ethnicity were 

excluded from the analysis.

Tuberculosis Clinic and Registry Matching

QuantiFERON results identified in the SFDPH laboratory information system were matched 

to the TB clinic database using a unique SFDPH medical record number, first name, last 

name, and date of birth, to generate a subset of pediatric patients that (1) were evaluated 

at the TB clinic during the study period and either had a TST done and/or received LTBI 

treatment and (2) may have developed active TB after the study period. Race or ethnicity 

and gender were used to verify possible matches. In addition, QFT results were matched to 

the California Department of Public Health (CDPH) TB registry in August 2013 to passively 

identify children who may have developed active TB in San Francisco or elsewhere in 

California between March 1, 2005 and December 31, 2012. A preliminary match was 

performed to identify potential matches and included first name, last name, and birth year. 

The potential matches were rematched by first name, last name, full date of birth, sex, and 

race/ethnicity to confirm the final list of active TB cases.

Data Analysis

Categorical data were compared using Pearson’s χ2 test or Fisher’s exact test (when 

appropriate). The Cochran-Armitage test was used to assess test result trends by age group. 

The Mann-Whitney Wilcoxon test was used to compare mean follow-up times. Significance 

for all tests was assessed at alpha = 0.05. All analyses were performed using SAS 9.3 (SAS 

Institute Inc., Cary, NC). The University of California, San Francisco Committee on Human 

Research approved the study and the California Department of Public Health Committee on 

Human Research approved the match to the California TB Registry.
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RESULTS

Between March 1, 2005 and December 31, 2008, 1119 children <15 years of age were tested 

with QFT. Due to missing foreign-born status and/or race/ethnicity, 27 (2%) were excluded 

from further analysis. The final study population included 1092 children (Figure 1).

The median age of children tested with QFT was 8.7 years (interquartile range [IQR], 4.7–

12.2); 292 (27%) were <5 years of age, including 56 (5%) <2 years of age. The majority of 

children tested were foreign-born (78%) (Table 1). Overall, 136 children (12%) were tested 

as contacts to active TB cases. Children <2 years of age were more likely than other age 

groups to be tested due to being a recent contact to a TB case (P = .01).

Results of Interferon-Gamma Release Assays Testing

QuantiFERON results were not significantly different between test versions (P = .21; data 

not shown); therefore, results are presented in aggregate. Overall, 7% (72 of 1092) of 

children tested positive, 86% (943 of 1092) tested negative, and 7% (77 of 1092) had 

indeterminate results (Table 2). Older children (age 5–14) were more likely to have a 

QFT-positive result than children age <2 and age 2 to <5 (P < .001).

The percentage of positive QFT results were as follows: 11% (15 of 136) in children who 

were recent contacts to active TB cases: 7% (53 of 807) in foreign-born noncontacts, and 

3% (4 of 149) in US-born noncontacts (P = .04). When stratified by risk group, age was 

not associated with positive results among contacts or foreign-born noncontacts. However, 

US-born noncontacts over 5 years of age were more likely to test positive than their younger 

counterparts (P = .005). There was no significant difference in positive results among 

US-born (10%, 9 of 90) and foreign-born contacts (13%, 6 of 46; P = .39) (data not shown). 

Overall, QFT-positive results increased steadily through age 9, from 2% to 10% (P = .02) 

(Figure 2).

QuantiFERON/Tuberculin Skin Test Discordance

A TST was done within 60 days before or after the QFT for 215 (61%) of 350 children 

evaluated at the TB clinic. QuantiFERON/tuberculin skin test discordance results by risk 

and age groups are presented in Table 3. A total of 158 (73%) had QFT-negative/TST-

positive discordant results. There was no QFT-positive/TST-negative discordance because 

all children with both tests were TST-positive. When stratified by risk group, 37% (7 of 

19) of contacts to active cases, 79% (142 of 179) of foreign-born or BCG-vaccinated, and 

53% (9 of 17) of US-born, non-BCG-vaccinated children had discordant results. When the 

foreign-born/BCG-vaccinated group was stratified by age, the discordant rate was 93% (52 

of 56) for children <5 years of age and 73% (90 of 123) for children ≥5 years of age (P = 

.003). Among the US-born/non-BCG-vaccinated children, discordance was not significantly 

different between age groups (P = .64).

Tuberculosis Clinic Evaluation Outcomes and Follow-up Status

Three hundred fifty (350, 32% of the study population) children received evaluation at the 

TB clinic. Seven (0.6%) children were suspected to have TB disease and all were started on 
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a multidrug regimen. Five (0.5%) children, all QFT-positive, were subsequently confirmed 

to have active TB: 2 were culture-positive and TST-positive and 3 were clinically diagnosed 

due to radiologic improvement while on treatment. The 2 additional cases were <16 months 

old and were treated as clinical TB cases because of high risk for progression due to 

significant exposure to contagious TB (Table 4).

Excluding the 7 children treated for active TB disease, 109 children initiated a LTBI regimen 

(data not shown). The remaining 976 (89%) children in the cohort were not treated for LTBI; 

906 were QFT-negative, of which 96 were contacts and 686 were foreign-born, noncontacts 

(data not show) (Table 5). In addition, 26% of the untreated group comprised 46 children <2 

years of age and 212 children ages 2–5.

Untreated children in the study cohort were observed for a median of 5.7 years (IQR, 

4.7–6.6). During 5587 person-years of follow-up, no cases of active TB were identified in 

any untreated child, including the 146 TST-positive/QFT-negative children (8 of whom were 

contacts). There was minimal variation (<1 year) in follow-up time by age group, gender, 

race/ethnicity, foreign-born status, and test result. On average, noncontacts were observed 

for 1 year longer than contacts (5.8 vs 4.8 years [P < .0001]; data not shown) because more 

contacts were identified at the later part of study period.

Table 6 shows the estimated number of TB cases that would have developed in untreated 

TST-positive children if QFT had missed identifying LTBI. If all untreated TST-positive 

cases were truly infected with TB, at least 8–13 cases of TB disease would have been 

expected during the follow-up period. This includes 4 cases of TB disease in children <5 

years of age.

DISCUSSION

The San Francisco TB program’s experience represents the largest longitudinal retrospective 

pediatric cohort study with IGRAs in a low TB-prevalence setting to date [3, 4, 19, 26–28]. 

We observed the outcomes of 906 untreated QFT-negative children, including 146 who were 

TST-positive. The cohort was passively observed over 4–7 years and included children of 

varying risk for TB infection, including BCG-vaccinated immigrant children from countries 

of high-TB prevalence, contacts to active TB cases, and US-born children evaluated before 

entering school, thus reflecting the current spectrum of LTBI testing practices in the United 

States.

Longitudinal studies from pre-chemotherapy literature report the risk of progression to TB 

disease after primary infection was 50% in ages <1 and up to 20% in 1–2 and 10–15 year 

olds, and that >90% of cases that progress to disease do so within the first year after primary 

infection [1, 32]. If LTBI was missed by false-negative or indeterminate QFT results, 

particularly in children with discordant TST-positive results, we would have expected 

development of TB disease during the available follow-up time; however, no cases of disease 

occurred, strongly suggesting that the QFT has a high negative predictive value (NPV) 

for progression to active TB in the population studied. Likewise, studies by the Hamburg 

(Germany) Public Health Department and in Japanese school contact investigations reported 
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no cases of active TB over several years of follow-up in untreated QFT-negative children 

[12, 33, 34].

In our cohort, TST-positive/QFT-negative discordance was substantial and consistent with 

current and past literature [14, 16–18]. In the Centers for Disease Control and Prevention 

(CDC) preimmigration TST-QFT comparison study of 2530 immigrant children (age 2–14 

years) from the Philippines, Vietnam, and Mexico, TST-positive/QFT-negative discordance 

was 85%, 84%, and 41%, respectively [35]. In San Francisco, discordance was most 

pronounced at 93% in foreign-born, BCG-vaccinated children <5 years old compared to 

73% in those age ≥5 (P = .003). This finding suggests a higher rate of false-positive TST 

results when BCG vaccination is more recent, consistent with large studies showing the 

greatest TST reactivity in the 3–4 years after inoculation [6, 7, 36, 37]. Systematic use of 

TST in immigrant children inevitably leads to cases of inaccurately diagnosed LTBI and 

unnecessary radiologic studies and treatment. Furthermore, the discordant results of QFT 

with TST and the high NPV in this study provide strong support for the preferential use of 

IGRAs in routine screening of both BCG and non-BCG-vaccinated children <5.

QuantiFERON-positive results were markedly lower compared with historical TST-based 

rates among foreign-born children in San Francisco (24% from 2001 to 2004, San Francisco 

program data). Based on QFT, our study showed a 7% TB infection rate among foreign-born 

and BCG-vaccinated children and 3% for other US-born noncontacts. These findings are 

consistent with results from Howley et al [35], in which the percent positive QFT differed 

significantly from TST at 5.6% and 26%, respectively. Bacille Calmette-Guerin vaccination 

and NTM exposure confounds TST results and overestimates infection rates of foreign-born 

children. This has significant implications for program efficiency, patient safety due to 

unnecessary treatment, and programmatic and societal cost-effectiveness.

The benefit of preventing active TB cases by screening children requires a certain threshold 

rate of LTBI to be programmatically cost-effective; for the TST, this is estimated to be 10% 

[38]. San Francisco pediatric TB infection rates are below this estimated threshold despite 

following guidelines for risk-based targeted testing from the AAP, CDC, and the California 

Tuberculosis Controllers Association [30, 39, 40]. Universal TB testing as a school entrance 

requirement, or for all children at certain ages, continues in local communities in California. 

The low rates of TB infection found in this cohort of children who, for the most part, had 

at least 1 risk factor for TB infection emphasize the opportunity to eliminate universal TB 

testing in low-risk populations of children.

This analysis is subject to the following limitations. First, our longitudinal surveillance 

relied on a retrospective study design and passive methods of querying TB registries 

to identify subjects who subsequently developed active TB. Nevertheless, public health 

reporting of pediatric TB cases in San Francisco and California are unlikely to miss cases of 

active TB because a past analysis found that 99.7% of active TB cases were appropriately 

reported to the CDPH [41]. However, children who moved outside of California during the 

study period and developed active TB disease would not have been captured in the registry 

matches. Second, dual TST and QFT testing was performed on only a subset of patients; 

the observed discordant rates might not reflect the entire study population and general 
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population of the United States. Third, children evaluated in this cohort were of varying risk 

for TB infection, which impacts QFT-positive rates and projected estimates for TB disease 

if LTBI had been missed. Fourth, we were unable to evaluate and compare QFT and TST 

testing practices directly; however, we believe our study population is representative of all 

children screened for TB in San Francisco. Finally, a lack of a microbiologically defined 

gold standard for LTBI, and difficulty in diagnosing TB in children, compromises all studies 

that aim to interpret and compare results of diagnostic testing methods for TB.

The San Francisco experience supports more generalized use of QFT in risk-based screening 

of pediatric patients for LTBI, including children <5 years of age and, in particular, those 

who are BCG-vaccinated. Our growing longitudinal experience indicates that QFT has 

an excellent NPV and may be used to reliably exclude LTBI in children. The enhanced 

specificity of QFT has reduced the number of children to whom we offer LTBI treatment, 

and it enabled us to focus limited resources on completing preventive treatment in the 

pediatric population. Overall, greater use of the IGRAs and more selective TB testing 

based on current epidemiology and risks assessments can prevent unnecessary radiographic 

imaging and treatment in many children and better utilize limited TB control resources. Our 

experience suggests the potential IGRAs may have in the pediatric primary care setting to 

effectively diagnosis LTBI. Use of IGRAs in this population could have implications for 

advancing TB elimination efforts in the United States.
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Figure 1. 
Study population by age and risk group. QFT-G, QuantiFERON-Gold.
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Figure 2. 
Pediatric QuantiFERON results stratified by age category. Solid black bars, positive results; 

solid white bars, negative results; solid gray bars, indeterminate, high nil results; hatched 

gray bars, indeterminate, low mitogen results.
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