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Abstract

Rationale: Detection of latent tuberculosis infection (LTBI) in persons born in high tuberculosis 

(TB) incidence countries living in low TB incidence countries is key to TB elimination in low-

incidence countries. Optimizing LTBI tests is critical to targeting treatment.

Objectives: To compare the sensitivity and specificity of tuberculin skin test (TST) and two 

interferon-γ release assays at different cutoffs and of a single test versus dual testing.

Methods: We examined a subset (N = 14,167) of a prospective cohort of people in the 

United States tested for LTBI. We included non–U.S.-born, human immunodeficiency virus-

seronegative people ages 5 years and older with valid TST, QuantiFERON-TB Gold-in-Tube 

(QFT), and T-SPOT.TB (TSPOT) results. The sensitivity/specificity of different test cutoffs and 

test combinations, obtained from a Bayesian latent class model, were used to construct receiver 

operating characteristic (ROC) curves and assess the area under the curve (AUC) for each test. The 

sensitivity/specificity of dual testing was calculated.
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Results: The AUC of the TST ROC curve was 0.81 (95% credible interval (CrI), 0.78–0.86), 

with sensitivity/specificity at cutoffs of 5, 10, and 15 mm of 86.5%/61.6%, 81.7%/71.3%, and 

55.6%/88.0%, respectively. The AUC of the QFT ROC curve was 0.89 (95% CrI, 0.86–0.93), 

with sensitivity/specificity at cutoffs of 0.35, 0.7, and 1.0 IU/mL of 77.7%/98.3%, 66.9%/99.1%, 

and 61.5%/99.4%. The AUC of the TSPOT ROC curve was 0.92 (95% CrI, 0.88–0.96) with 

sensitivity/specificity for five, six, seven, and eight spots of 79.2%/96.7%, 76.8%/97.7%, 74.0%/

98.6%, and 71.8%/99.5%. Sensitivity/specificity of TST-QFT, TST-TSPOT, and QFT-TSPOT at 

standard cutoffs were 73.1%/99.4%, 64.8%/99.8%, and 65.3%/100%.

Conclusion: Interferon-γ release assays have a better predictive ability than TST in people at 

high risk of LTBI.
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In countries with a low burden of tuberculosis (TB), reactivated latent TB infection (LTBI) 

accounts for the majority of cases of TB disease (1, 2). In the United States, an estimated 

13 million people have LTBI; on the basis of estimates from interferon-γ release assays 

(IGRA), prevalence is 15.9% in the non–U.S.-born population and 2.8% in U.S.-born people 

(3, 4). TB elimination in low-incidence countries relies mainly on accurate identification and 

treatment of people with LTBI to prevent progression to TB disease (5).

Two types of tests are approved by the FDA (U.S. Food and Drug Administration) for the 

diagnosis of LTBI: The tuberculin skin test (TST) and two IGRAs: The QuantiFERON Gold 

in-tube (QFT) and the T-SPOT.TB (TSPOT). Both types are indirect tests on the basis of 

immunologic response to infection with Mycobacterium tuberculosis; neither is a reference 

gold standard.

TST has poor specificity in non–U.S.-born persons because of crossreactivity of its antigens 

with the Bacillus Calmette-Guerin (BCG), administered to 80% of newborns worldwide (6). 

IGRAs have greater specificity because they are on the basis of the stimulation of T cells by 

two Mycobacterium tuberculosis-specific antigens not found in BCG (7–10). Two strategies 

have been used to improve the performance of these tests. One strategy, which has been a 

standard practice for the interpretation of TST but not IGRAs, uses different test cutoffs on 

the basis of epidemiologic (e.g., country of birth and recent contact with a TB case) and 

clinical (e.g., immunosuppression) risk factors (11, 12). With the more recent availability 

of IGRAs, another strategy uses sequential testing with a second test to confirm the initial 

test result. This strategy most frequently uses an IGRA as the second test after an initial 

positive TST, reduces false-positive results, and is cost-effective (13–17). The lack of a gold 

standard for LTBI poses a significant challenge to comparing a risk-stratified test cutoff 

strategy (applied to IGRAs) and a sequential testing strategy for LTBI screening.

One technique to address this challenge is latent class analysis (LCA), a statistical method 

that can estimate test characteristics in the absence of a gold standard. LCA has been used 

to evaluate the diagnostic performance of TST and IGRAs at standard cutoffs (18–20). The 

aim of this study is to extend previous LCA models to better understand the tradeoffs in 
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sensitivity and specificity of different test cutoffs and to understand how different test cutoffs 

compare with dual testing for LTBI diagnosis in a large cohort of non–U.S.-born people 

residing in the United States.

Methods

Study Population and Procedures

The main study has been previously described (21). Briefly, 18 participating clinics in 11 

states prospectively enrolled children and adults at relatively high risk of LTBI for the 

United States (we will refer to this group as “high risk” going forward) or progression 

to TB disease (close contacts of people with infectious TB disease; non–US-born people 

whose populations in the United States had TB rates of 10 cases per 100,000 people or 

higher; people who spent at least 30 days in the previous 5 years in countries with high 

(>100 cases per 100,000) TB rates; people living with human immunodeficiency virus 

[HIV]; or members of groups with high [≥25%] local prevalence of LTBI [e.g., people 

experiencing homelessness]). Participants were interviewed about demographics and past 

LTBI/TB history, administered all three available LTBI tests, and followed for 2 years to 

identify incident TB cases.

The study was approved by the CDC (Centers for Disease Control and Prevention) 

Institutional Review Board (IRB) and local IRBs that did not rely on the CDC IRB. All 

adult participants provided written informed consent; those under 18 years old had parental 

permission and provided assent. The study was registered at clinicaltrials.gov (identifier 

NCT01622140).

Exclusions

In this analysis, we excluded U.S.-born individuals and people with missing country of birth. 

We also excluded non–U.S.-born individuals who were also close contacts, HIV-positive, 

or less than 5 years old because the diagnostic characteristics of LTBI tests are likely 

to systematically differ in those groups compared with the rest of the study cohort (18). 

Individuals with missing LTBI test results, indeterminate or invalid QFT results, or invalid 

TSPOT results were excluded. Participants found to have TB disease at enrollment were 

excluded as the focus of this study was on LTBI diagnosis.

Selection of Test Cutoffs

Initial thresholds for test positivity were on the basis of CDC guidelines and FDA-approved 

labeling: TST ≥ 10 mm of induration, QFT ≥ 0.35 international units/milliliter (IU/mL), 

and TSPOT ≥ 8 spots (11, 22–24). As the protocol predated FDA recommendations for 

retesting, borderline TSPOT results (5–7 spots) were not repeated per study protocol and 

were categorized as negative (24).

Although all possible cutoffs were included in the receiver operator characteristic (ROC) 

curves, we reported specific sensitivity/specificity values for cutoffs that are either 

commonly used in U.S. guidelines (e.g., 5, 10, and 15 mm for TST) or have been reported 

in prior publications (22, 25). For QFT, we reported sensitivity/specificity for 0.35, 0.7, and 
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1.0 IU/mL, as these were used in a prior analysis (26). TSPOT cutoffs are designated by two 

separate guidelines: In the United States, FDA-approved cutoffs are fewer than 5 spots for 

a negative result and at least 8 spots for a positive, with 5–7 spots designated as borderline, 

with retest recommended; international guidelines use fewer than 6 spots as negative, and at 

least 6 spots as positive (11, 27). We, therefore, reported sensitivity/specificity of using 5, 

6, 7, and 8 spots as cutoffs (28). All values below a cutoff were interpreted as negative, and 

values at or above a cutoff were interpreted as positive for this analysis.

Statistical Analysis

LCA was used to estimate the prevalence of LTBI and the test diagnostic characteristics 

in our study population. Because all three tests are immunologically on the basis of 

overlapping antigens, the assumption of conditional independence of tests would not be 

valid. Therefore, we used the Dendukuri modification of the Qu and colleagues method (29, 

30) that included a random effect to account for the conditional dependence of the tests. 

We used a Bayesian approach for the model, with literature-based prior distributions for test 

sensitivities and broad prior distributions for specificity and prevalence. Additional details 

on this approach were published previously (18), and data on model fit are provided in the 

data supplement (see Section EI in the data supplement).

Analysis was performed in R version 4.0.5 (31). We estimated the sensitivity and specificity 

of all three tests at the varying test cutoffs noted above. ROC curves were generated 

indirectly from the Bayesian LCA model using the positive predictive value (PPV; also 

known as posterior probability) of each of the eight possible test result combinations 

(positive or negative TST, QFT, and TSPOT). The prevalence of LTBI on the basis of each of 

the different test combinations was calculated by multiplying the number of participants 

with the combination by the corresponding PPV obtained from our LCA model (see 
example calculation in Section EII). The assumption was made that the probability of an 

individual having LTBI was uniform across all numerical values for a given test within the 

dichotomous positive or negative category, given fixed values of the other two tests. We 

performed a limited sensitivity analysis examining the effect of violating this assumption, 

and it did not substantially change the results (Section EIII). Areas under the ROC curve 

(AUC) were calculated using the trapezoidal rule implemented via trapz in the R pracma 

package (32); 95% credible intervals (CrI) for each AUC were obtained by sampling 1,000 

iterations of the posterior distribution of PPV that was generated by the Markov chain Monte 

Carlo analysis.

To understand the tradeoffs in diagnostic errors (i.e., false-positive and false-negative test 

results), we compared the estimated numbers and types of errors for each of the test 

cutoffs in three hypothetical populations of 1,000 people with an LTBI prevalence of 5%, 

30%, and 50%. These prevalences were chosen to approximately represent the general U.S. 

population, our study population, and a high-prevalence population of non–U.S.-born people 

(33, 34).

We applied the LCA model-derived estimates of PPV for each of the eight combinations 

to simulate the test characteristics of performing two sequential LTBI tests. We examined 

three possible strategies: TST and QFT (TST–QFT), TST and TSPOT (TST–TSPOT), and 
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QFT and TSPOT (QFT–TSPOT). Sequential same-test combinations were not explored 

as participants were tested only once with each test. For purposes of this analysis, the 

second test was used as a confirmatory test: Participants with two positive tests would be 

interpreted as positive for LTBI, and discordant results were interpreted as negative for 

LTBI. Uncertainty associated with estimates of both population parameter values and PPV 

was incorporated by creating 1,000 bootstrapped datasets of equal size to the original study 

population by sampling with replacement from that population and associating each dataset 

with a randomly selected set of PPV drawn from the LCA posterior distribution (see Section 

EIV).

Results

Among 22,131 total participants in the original cohort, 14,167 (64%) were non–U.S.-born, 

HIV-negative, 5 years or older, nonclose contacts of TB cases, and had valid results for all 

three tests (Figure 1). Among those included in the analysis, 51.5% were female, the median 

age at enrollment was 29 years (interquartile range [IQR], 19–41), and the median time in 

the United States was 1.5 months (IQR, 1–4.5); 61% were born in Asia, 19% in Africa, and 

14.5% in Central America (Table 1).

The ROC for the TST had an AUC of 0.81 (95% CrI, 0.78–0.86) (Figure 2A). The estimated 

sensitivity/specificity of the TST at cutoffs of 5, 10, and 15 mm were 86.5%/61.6%, 81.7%/

71.3%, and 55.6%/88.0%, respectively (Table 2). At an estimated LTBI prevalence of 30.9% 

in our study population, the 5-, 10-, and 15-mm cutoffs correspond to PPV of 50.2%, 56.0%, 

and 67.4%. Corresponding negative predictive values (NPVs) for the 5-, 10-, and 15-mm 

cutoffs were 91.1%, 89.7%, and 81.6%.

The ROC curve for the QFT had an AUC of 0.89 (95% CrI, 0.86–0.93) (Figure 2B). The 

estimated sensitivity/specificity of the QFT at cutoffs of 0.35, 0.7, and 1.0 IU/mL were 

77.7%/98.3%, 66.9%/99.1%, and 61.5%/99.5%, respectively. These cutoffs correspond to 

PPV of 95.3%, 97.1%, and 97.9%, with NPV of 90.8%, 87.0%, and 85.2% (Table 2).

The ROC curve for the TSPOT had an AUC of 0.92 (95% CrI, 0.88–0.96) (Figure 2C). 

Estimated sensitivity/specificity of the TSPOT at cutoffs of 5, 6, 7, and 8 spots were 

79.2%/96.7%, 76.8%/97.7%, 74.0%/98.6%, and 71.8%/99.5%, respectively. These cutoffs 

correspond to PPV of 91.2%, 93.7%, 95.9%, and 98.5%, with NPV of 91.2%, 90.4%, 

89.5%, and 88.8%. The AUC for TSPOT was significantly greater than that for TST (median 

difference, 0.10; 95% CrI, 0.096–0.11) and for QFT (median difference, 0.024; 95% CrI, 

0.018–0.034); the AUC for QFT was also greater than for TST (median difference, 0.077; 

95% CrI, 0.067–0.086). Although the 95% CrI for AUC for TST did not overlap with the 

95% CrI for AUCs for QFT or TSPOT, the QFT and TSPOT AUC CrIs did overlap, so 

the statistically significant difference between the QFT and TSPOT AUCs is unlikely to be 

clinically meaningful (see Figure E1).

For the dual testing strategy using the same underlying 30.9% LTBI prevalence, the 

sensitivity/specificity of the TST–QFT, TST–TSPOT, and QFT–TSPOT strategies were 

73.1%/99.4%, 64.8/99.8% and 65.3%/100.0% respectively. The corresponding PPV/NPV 
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were 98.2%/89.2%, 99.3%/86.4%, and 100%/86.6% (Table 2). The characteristics of the 

TST–QFT strategy were similar to the test characteristics of TSPOT using a cutoff of 

eight spots, and the characteristics of the TST–TSPOT strategy were similar to the test 

characteristics of QFT at a cutoff of 1.0 IU/mL.

Figures 3–5 illustrate the tradeoffs in the estimated number and type of errors (false positives 

+ false negatives) for hypothetical populations of 1,000 people at LTBI prevalences of 5%, 

30%, and 50%. Overall, IGRAs make fewer total errors than the TST at the three explored 

prevalences. Figure 3 represents the number of total errors and type of errors by diagnostic 

cutoff at a low LTBI prevalence of 5%. Using a TST cutoff of 15 mm results in 236 fewer 

total errors than when using a cutoff of 5 mm. QFT performs similarly at this prevalence at 

all the evaluated cutoffs, although the type of error varies on the basis of cutoff selection. 

TSPOT at a cutoff of eight spots makes fewer total errors than TSPOT at a cutoff of five 

spots. At an underlying LTBI prevalence of 5%, TSPOT at a diagnostic cutoff of eight spots 

and QFT at a cutoff of 1.0 IU/mL make the fewest total errors and minimize the number of 

false-positive results.

Figure 4 represents the estimated total number and type of errors by cutoff in a population 

with an LTBI prevalence of 30%. TST at 15 mm makes the fewest errors compared with the 

5 and 10 mm cutoffs. QFT at the standard 0.35 IU/mL cutoff minimizes the number of total 

errors and false-negative results for this test. TSPOT makes a similar number of errors at the 

four explored cutoffs, but the proportion of false-negative results is lowest at a cutoff of five 

spots. In summary, at an LTBI prevalence of 30%, QFT at a diagnostic cutoff of 0.35 IU/mL 

makes the fewest errors among the three tests, followed by TSPOT at a cutoff of five spots. 

These cutoffs minimized the number of false negatives.

Figure 5 represents the estimated number and type of errors by cutoff in a population with 

an underlying LTBI prevalence of 50%. TST at a cutoff of 10 mm, QFT at 0.35 IU/mL, and 

TSPOT at five spots make the fewest errors by reducing the number of false-negative results.

Discussion

Our study used outputs from a Bayesian LCA model to explore changes in diagnostic 

accuracy by varying test cutoffs and dual testing in a cohort of non–U.S.-born, HIV-negative 

participants 5 years and older residing in the United States. Our findings show that IGRAs 

have a better overall test performance (or higher AUCs) than TST, that alternative IGRA 

cutoffs depending on estimated LTBI prevalence can be used to minimize errors, and that 

dual testing strategies are comparable to single testing at higher IGRA cutoffs. These 

observations support the consideration of lower IGRA cutoffs to improve test accuracy in the 

diagnosis of LTBI in high-risk populations.

In our study cohort, IGRAs performed better than the TST, and overall, TSPOT used 

alone was the best predictor of LTBI. The UK Prognostic Evaluation of Diagnostic IGRAs 

Consortium (UK PREDICT TB) study (35) explored the predictive ability of all three tests 

for progression to TB disease in a population that included migrants from high-burden 

countries and contacts of TB cases living in the United Kingdom, a low-burden country. 
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Similar to our study, UK PREDICT TB found that the TSPOT had the best PPV for 

prediction of incident TB, which presumably correlates with PPV for LTBI. Test sensitivities 

for all tests were lower in UK PREDICT TB than in the present study; the reasons for this 

are unclear but may relate to the large number of recent TB contacts in UK PREDICT TB, 

who were excluded from our cohort. The inferior performance of TST in both the present 

study and UK PREDICT TB presumably relates to worse specificity than IGRAs because of 

BCG crossreactivity in these highly–BCG-vaccinated populations.

Maximizing test accuracy or reducing the number of total errors is as important as balancing 

the error tradeoffs. Higher cutoffs in a low prevalence population maximize test accuracy 

by increasing specificity and PPV. This translates into fewer false-positive results and would 

prevent unnecessary testing, medical evaluations, and treatment. At the same time, the lower 

NPV results in missing a greater number of true LTBI cases than at lower cutoffs. Contrarily, 

in high prevalence assumptions, lower cutoffs maximize test accuracy by increasing test 

sensitivity and NPV. Minimizing the number of false-negative results or missed cases in 

high-prevalence settings would help ensure that resources are appropriately allocated to the 

subpopulation of patients requiring additional testing, evaluation, and treatment. However, 

the tradeoff associated with lowering cutoffs and increasing sensitivity is a decrease in PPV 

that translates into a greater number of false positives that need to be evaluated, potentially 

burdening the health system.

Sequential testing is recommended in the United States for persons at low risk, given 

the high risk of false-positive results. However, although not generally recommended as 

clinical practice in the United States, sequential testing with the TST and IGRAs has been 

used in individuals at high risk for LTBI or progression to TB disease to confirm the 

diagnosis as well. The sequential testing strategy in high-risk populations has proven cost-

effective in immigrants (16, 17), healthcare workers (14), and close contacts of TB cases 

(13). In our analysis, the two-test strategies reduced false-positive results and had similar 

characteristics to single IGRAs at higher cutoffs: The TST–QFT strategy has a similar 

sensitivity, specificity, PPV, and NPV to a TSPOT with a cutoff of eight spots, whereas 

the TST–TSPOT combination has a similar sensitivity, specificity, PPV and NPV to a QFT 

cutoff of 1.0 IU/mL. These results can be used as model inputs in cost-effectiveness analyses 

that would formally assess various LTBI test cutoffs and sequential testing strategies.

To our knowledge, this is the first study using LCA to explore the variation in test 

performance by changing test cutoffs. LCA has been previously used to compare test 

performance of the TST and IGRAs among hospitalized South African children suspected of 

having pulmonary TB, people living with HIV in a low-incidence setting, healthcare workers 

in a low-incidence setting, and a TB and HIV endemic setting (20, 36–38).

Limitations

Our analysis had several limitations. The participants were not tested in a sequential manner, 

as all three tests were performed on the same day. However, we used this simultaneous 

testing as a surrogate for sequential testing by assuming only those with two positive tests 

have LTBI. This approach is recommended in U.S. practice guidelines for persons at low 

risk of TB (12). Second, we used the QFT test instead of the currently available version of 
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the test, QFT-Plus, as QFT-Plus was not available when the study began. However, a study 

with a subset of the original cohort that received both QFTs demonstrated a 94% agreement 

between QFT-Plus and QFT (39), and a smaller prospective cohort demonstrated QFT-Plus 

had roughly comparable performance to prior studies of QFT in predicting incident TB (40). 

A key (but untestable) assumption used for the ROC curve analysis was that given the fixed 

values of the other two tests, the numerical value of a third test had no correlation with the 

risk of LTBI. We did perform a sensitivity analysis to examine this assumption but cannot 

entirely rule out a residual correlation that might have affected the results. An alternative 

approach would have been to run separate latent class models for each test at each cutoff; 

this approach was not used because it was computationally prohibitive. Lastly, our analysis 

was performed on a non-random sample of non–US-born, HIV-negative individuals aged 

5 years or older that was a cohort of relatively young recent immigrants. Although our 

results are robust in a broad population, as the main principles surrounding changing the 

diagnostic cutoffs are generalizable, specific performance may vary on the basis of age 

and the presence of comorbidities. Our results may be less applicable to older populations, 

individuals who immigrated less recently, or people with immunosuppression (37).

Conclusions

Our study found that in a cohort of non–U.S.-born, HIV-negative individuals aged 5 years or 

older using lower IGRA cutoffs, specifically the 0.35 IU/mL cutoff for QFT and five spots 

for TSPOT, improves test accuracy and that the predictive values of dual testing with TST 

and an IGRA are comparable to using higher IGRA cutoffs. Cost-effectiveness analyses are 

needed to evaluate the clinical applicability of these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Analysis population. HIV = human immunodeficiency virus; LCA = latent class analysis; 

LTBI = latent tuberculosis infection; MTB = Mycobacterium tuberculosis; TB = 

tuberculosis.

Zavala et al. Page 12

Ann Am Thorac Soc. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Receiver operating characteristic curves for (A) tuberculin skin test, (B) QuantiFERON Gold 

in-Tube, and (C) T-SPOT.TB.
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Figure 3. 
Change in the number and type of diagnostic errors in a hypothetical population with a latent 

tuberculosis infection prevalence of 5% (n = 1,000). FN = false negative; FP = false positive; 

QFT = QuantiFERON Gold in-Tube; TSPOT = T-SPOT.TB; TST = tuberculin skin test.
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Figure 4. 
Change in the number and type of diagnostic errors in a hypothetical population with a 

latent tuberculosis infection prevalence of 30% (n = 1,000). FN = false negative; FP = false 

positive; QFT = QuantiFERON Gold in-Tube; TSPOT = T-SPOT.TB; TST = tuberculin skin 

test.
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Figure 5. 
Change in the number and type of diagnostic errors in a hypothetical population with a 

latent tuberculosis infection prevalence of 50% (n = 1,000). FN = false negative; FP = false 

positive; QFT = QuantiFERON Gold in-Tube; TSPOT = T-SPOT.TB; TST = tuberculin skin 

test.
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Table 1.

Demographic characteristics of the study population; non–U.S.-born, human immunodeficiency virus-

seronegative people ages 5 years and older with a valid tuberculin skin test, QuantiFERON Gold in-Tube, and 

T-SPOT.TB enrolled between 2012 and 2017

 Characteristic Total (n = 14,167)

Female sex, n (%) 7,300 (51.5)

Age at enrollment, median (IQR) 29 (19–41)

Time in the United States (mo), median (IQR) 1.5 (1–4.5)

Region of birth, n (%)

 Asia 8,709 (61.5)

 Africa 269 (18.9)

 Central America 1,380 (9.7)

 South America 299 (2.1)

 Oceania 269 (1.9)

 Europe 146 (1.0)

 North America 678 (4.8)

 Not reported 8 (0.1)

Medical history, n (%)*

 BCG vaccination 9,165 (72.9)

 Diabetes 578 (4.1)

 Cancer 58 (0.4)

 Smoker† 2,632 (22.5)

 Recreational drug use‡ 280 (2.4)

Definition of abbreviations: BCG = Bacillus Calmette-Guérin; IQR = interquartile range.

*
Participants who responded “do not know” or refused to provide information are not considered in the total count for each characteristic. Patients 

may have more than one of the listed medical histories.

†
Defined as having smoked 100 cigarettes in life.

‡
Ever used recreational drugs.

Ann Am Thorac Soc. Author manuscript; available in PMC 2024 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zavala et al. Page 18

Table 2.

Estimated characteristics of single tests per cutoff value and dual testing for latent tuberculosis infection 

(cohort prevalence 30.9%)

 Testing Strategy and Cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%)

TST

 5 mm 86.5 61.6 50.2 91.1

 10 mm 81.7 71.3 56.0 89.7

 15 mm 55.6 88.0 67.4 81.6

QFT

 0.35 IU/mL 77.7 98.3 95.3 90.8

 0.7 IU/mL 66.9 99.1 97.1 87.0

 1.0 IU/mL 61.5 99.5 97.9 85.2

TSPOT

 5 spots 79.2 96.7 91.2 91.2

 6 spots 76.8 97.7 93.7 90.4

 7 spots 74.0 98.6 95.9 89.5

 8 spots 71.8 99.5 98.5 88.8

Dual testing strategies*

 TST–-QFT 73.1 99.4 98.2 89.2

 TST–TSPOT 64.8 99.8 99.3 86.4

 QFT–TSPOT 65.3 100.0 100.0 86.6

Definition of abbreviations: NPV = negative predictive value; PPV = positive predictive value; QFT = QuantiFERON Gold in-Tube; TSPOT = 
T-SPOT.TB; TST = tuberculin skin test.

*
Latent tuberculosis infection was diagnosed only if the participant had a positive result for both tests at standard U.S. cutoffs: TST ≥ 10 

mm per Centers for Disease Control and Prevention guidelines (22); QFT ≥ 0.35 IU/mL; and TSPOT ≥ 8 spots per U.S. Food and Drug 
Administration-approved labeling (23, 24).
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