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Abstract

Rationale: Individuals with latent tuberculosis infection (LTBI)
represent a reservoir of infection, many of whom will progress to
tuberculosis (TB) disease. A central pillar of TB control in the United
States is reducing this reservoir through targeted testing and treatment.

Objectives: To estimate the prevalence of LTBI in the United States
using the tuberculin skin test (TST) and an IFN-g release assay.

Methods:We used nationally representative data from the
2011–2012 National Health and Nutrition Examination Survey
(n = 6,083 aged>6 yr). LTBI was measured by both the TST and
QuantiFERON-TB Gold In-Tube test (QFT-GIT). Weighted
population, prevalence, and multiple logistic regression were used.

Measurements and Main Results: The estimated prevalence of
LTBI in 2011–2012 was 4.4% as measured by the TST and 4.8% by
QFT-GIT, corresponding to 12,398,000 and 13,628,000 individuals,

respectively. Prevalence declined slightly since 2000 among the
U.S. born but remained constant among the foreign born. Earlier
birth cohorts consistently had higher prevalence than more recent
ones. Higher risk groups included the foreign born, close contact
with a case of TB disease, and certain racial/ethnic groups.

Conclusions: After years of decline, the prevalence of LTBI
remained relatively constant between 2000 and 2011. A large
reservoir of 12.4 million still exists, with foreign-born persons
representing an increasingly larger proportion of this reservoir
(73%). Estimates and risk factors for LTBI were generally similar
between the TST and QFT-GIT. The updated estimates of LTBI
and associated risk groups can help improve targeted testing and
treatment in the United States.
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In 2014, there were 9,412 new tuberculosis
(TB) cases reported in the United States (3.0
cases per 100,000 population) (1), a decrease
of 48% from the rate in 2000 (5.8 per
100,000) (2). Despite 21 years of declining
TB rates in the United States since 1993, the
goal of TB elimination, defined as less than
one case per million population, is unmet.
An Institute of Medicine analysis concluded
that continuing at current rates of TB
decline, it would take 70 years or more to

achieve elimination (3); this was confirmed
by an analysis of recent TB trends (4).

Since the 1960s, a central pillar of TB
control in the United States has been
reducing the reservoir of infection through
treatment of latent TB infection (LTBI) (5).
Estimates that 80% of cases of TB disease
arise from the progression of LTBI to TB
disease have been confirmed by the use of
genotyping (6–9). The risk of progression is
estimated as 2.4% in the first 5 years after

infection (10), but risk is higher among
children, those coinfected with HIV, and
other groups (9, 11). The Institute of
Medicine and the Advisory Committee for
the Elimination of Tuberculosis have
highlighted the importance of preventing
TB by targeted testing and treatment of
LTBI among groups at high risk of
progression to TB disease (3, 12).

Nationally representative estimates of
the prevalence of LTBI are important in
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assessing the burden of disease and changes
in these risk groups for targeted testing. The
National Health and Nutrition Examination
Survey (NHANES) is a large, representative,
population-based survey that provides
estimates of disease prevalence in the United
States. Before 2011–2012, testing for LTBI
in NHANES was most recently performed
in 1999–2000. That study, which was
based on the tuberculin skin test (TST),
demonstrated a prevalence of 4.2% and
higher risk among foreign-born and certain
racial and ethnic groups (13). However, the
current prevalence of LTBI is uncertain.
Additionally, although the prevalence of
LTBI was measured in the 1971–1972
NHANES and again in 1999–2000 using
the TST, no nationally representative
estimates had been obtained using an
IFN-g release assay (IGRA). The

2011–2012 NHANES again contained an
LTBI component that included the TST
and an IGRA, the QuantiFERON-TB Gold
In-Tube test (QFT-GIT). The primary
objective of this study was to provide an
updated estimate of the prevalence of LTBI
in the United States, and an updated
assessment of risk groups. A secondary
objective was to compare prevalence
estimates and risk groups for LTBI
measured by the QFT-GIT with those
obtained using the TST.

Methods

Survey Methodology
The study was an analysis of 2011–2012
NHANES data obtained from a publicly
available web source (14). The NHANES
is a series of cross-sectional, nationally
representative surveys. A complex,
stratified, multistage probability cluster
sampling design was used to select a
nationally representative sample of the
U.S. noninstitutionalized population.
Over-sampled subgroups in the 2011–2012
survey were Hispanic persons, non-
Hispanic black persons, non-Hispanic
Asian persons, persons at or below 130%
of the poverty level, and persons aged
80 years and older (15). Components of
the survey interview used in this study
included demographic, socioeconomic,
and TB questionnaires.

The laboratory component consisted of
TB testing using both TST and QFT-GIT.
TSTmeasurements were performed for each
participant by technicians trained in
these guidelines, and Tubersol (Sanofi,
Bridgewater, NJ) brand PPD was used for
all testing. Although the standard PPD,
PPD-Seibert, was used in the previous
two NHANES studies, Tubersol has been
shown to be equivalent in potency and
interpretation of TST results (16).
Otherwise, TST methodology was identical
to the 1999–2000 NHANES (17), which
included a minor modification of CDC
guidelines (18); that is, the TST was read
46–76 hours after administration to
facilitate patient scheduling. Among
participants who had at least one TST
result, 46.8% had measurements recorded
separately by two or more readers who were
blinded to one another’s measurements.
TST induration was calculated as the
average of up to three recorded TST results;
if only one TST result was recorded, the

single result was used. For comparability
with previously published NHANES
studies, a positive TST was defined as a
reading of induration greater than or equal
to 10 mm (13). QFT-GIT was performed
and interpreted in accordance with CDC
guidelines for the use of IGRAs (19). HIV
testing was also performed in the NHANES
among the subset of participants aged
18–59 years.

Statistical Analysis
We adapted the analysis plan from the
methods used in a previous analysis of
NHANES TB data (13). The primary
outcome of interest was presence of LTBI as
measured by a positive TST or QFT-GIT. To
ensure comparability of estimates, only those
with valid results for both TST and QFT-GIT
were eligible for inclusion in this analysis; an
indeterminate QFT-GIT was considered a
valid result. Because the TST and QFT-GIT
were only performed on participants aged
6 years and older, participants younger than
6 years old were not eligible for inclusion in
the analysis. Those with a history of a severe
reaction to a previous TST or a severe skin
condition (e.g., burns or active eczema) were
also excluded from TST. SAS version 9.3
(SAS Institute Inc., Cary, NC) and SAS-
callable SUDAAN version 11.0 (RTI
International, Research Triangle Park, NC)
was used in all analyses. Prevalence estimates
for the U.S. population were calculated using
NHANES 2011–2012 Medical Examination
Center 2-year weight to adjust for probability
of selection and nonresponse to the survey.
The weights were further adjusted for
nonparticipation in TB testing (either TST or
QFT-GIT) so that it would represent the
applicable study population (20). The
missing TST and QFT-GIT data are
considered a type of survey nonresponse that
can bias the prevalence estimates.

The National Center for Health
Statistics recommends the use of weight
adjustment to reduce nonresponse bias
in the NHANES (21), as was done in
previous studies (13, 22). We adjusted the
weights using the SUDAAN procedure
WTADJUST according to race, age,
income, and sex stratified by U.S. born
or foreign born. Estimated weighted
population or subpopulation (in thousands)
or prevalence of LTBI with 95% confidence
interval (CI) was reported if applicable.
Weighted multiple logistic regression was
used to assess the association between
potential risk groups and LTBI outcomes

At a Glance Commentary

Scientific Knowledge on the
Subject: In 2000, the prevalence of
latent tuberculosis infection in the
United States was 4.2% and had
declined by 60% during the previous 28
years. However, certain
subpopulations, such as close contact
with cases of tuberculosis disease and
the foreign born, had a high prevalence
of infection. Since 2000, the rate of
tuberculosis disease in the United
States has decreased by 48%, but the
current prevalence of latent
tuberculosis infection is unknown.

What This Study Adds to the
Field: The prevalence of latent
tuberculosis in the United States
remained constant at 4.4% in
2011–2012 based on a nationally
representative survey. This estimate
was based on measurement by the
tuberculin skin test; the prevalence
was slightly higher (4.8%) when
measured by an IFN-g release assay. A
large reservoir of infection still exists
in the United States (12.4 million
people) and foreign-born persons
represent an increasingly larger
proportion (73%) of this reservoir.
This study provides data to guide
targeted testing programs, one of the
central pillars of tuberculosis control
and elimination in the United States.
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using odds ratios and corresponding 95%
CIs; the Wald chi-square test was used to
decide if all the subgroups defined by a
categorical variable were equal or not.
The significance level was set at 5% (or
a P, 0.05). Analyses were performed
separately using LTBI outcomes from TST
and QFT-GIT test results, and some models
were stratified by birthplace (United States
vs. foreign). For comparability with the
1971–1972 and 1999–2000 NHANES
prevalence estimates in trend analysis, we
also analyzed the subpopulation of all three
surveys between the ages of 25 and 74. The
study did not require Institutional Review
Board approval because it used publicly
available, deidentified data.

Results

The 2011–2012 NHANES included 9,756
subjects, of whom 8,161 were ages 6 years
and older and thus eligible for the TB
testing component of the study. Of those,
7,107 (87%) had a valid QFT-GIT result
and 6,128 (75%) had a valid TST result.
The 87 (1.4%) of 6,437 respondents who
reported a history of a severe reaction to the
TST were excluded from testing; the
remaining subjects were excluded because

of inability to return for TST reading 46–76
hours after administration. Five (0.5%) of
those without a valid QFT-GIT result were
due to one or more missing values among
the three required measurements (TB
antigen, mitogen, nil); the remainder were
excluded because of refusal of QFT-GIT
testing. The 6,083 (75%) who had valid
results for both TST and QFT-GIT were the
population used in the primary analyses
to ensure comparability of the estimates.
Without these exclusions, the prevalence
estimates would have been slightly lower
with the TST and slightly higher with the
QFT-GIT, but they did not affect the results
or conclusions of the study (data not
shown). An additional 19 (0.3%) of the
participants had a valid but indeterminate
QFT-GIT result.

The prevalence of LTBI in the United
States was 4.4% (95% CI, 3.1–6.1%) as
measured by a positive TST. Prevalence was
slightly higher (4.8%; 95% CI, 4.0–5.8%)
when measured by the QFT-GIT. This
corresponded to an affected population
of 12,398,000 with LTBI by the TST or
13,628,000 by the QFT-GIT. The trend in
prevalence of LTBI in the United States using
the TST in 25- to 74-year-old population is
seen in Figure 1, stratified by location of
birth (U.S.- vs. foreign-born). The overall

prevalence of LTBI decreased only slightly
between 1999–2000 and 2011–2012 (from
5.8 to 5.7%). However, a continued decline
was seen among the US born (2.5–1.7%),
while remaining relatively constant among
the foreign born (21.1–22.3%).

Table 1 shows LTBI prevalence
according to patient characteristics,
comparing the estimates obtained using
the TST with those from the QFT-GIT.
Findings were generally similar between the
two tests. Overall, and among the U.S.-born
population, LTBI prevalence estimates were
higher using the QFT-GIT compared with
the TST. However, LTBI prevalence was
lower among the foreign born when using
the QFT-GIT versus the TST (15.9 vs.
19.8%). This combination resulted in a
higher proportion of foreign born among
the TST positives (73%) compared with
the QFT-GIT positives (53%). By ethnicity,
Asians had the highest LTBI prevalence
of any racial or ethnic group, for whom
TST estimates were slightly higher than
QFT-GIT in this group (21.3 vs. 17.0%).
Additionally, although the prevalence of
TST positivity decreased in the 651 age
group, the prevalence of QFT-GIT
positivity continued to increase in this age
group. The effect of birth cohort is shown
in Table 2. TST positivity was strongly
associated with birth cohort, with a greater
risk of infection among earlier birth
cohorts. Within each birth cohort, age was
also seen to be associated with increased
TST positivity up to about age 60, and
afterward began to decrease.

Prevalence estimates were stratified by
country of birth in Table 3. Again the
estimates were generally higher using the
QFT-GIT among the U.S.-born population
but were higher with the TST among the
foreign-born population. TST positivity
decreased in the 651 age group only
among the foreign-born population; it
remained constant among the U.S. born.
In contrast, QFT-GIT positivity continued
to increase among both U.S.- and
foreign-born populations in this age group.
Logistic regression models were performed
using both TST and QFT-GIT and are
shown in Table 4. The QFT-GIT and TST
models were generally similar. The effect
of race/ethnicity was attenuated among
the foreign born compared with the
U.S. born and with the QFT-GIT
compared with the TST. The association
of increasing age with increasing odds of
TST positivity was attenuated in the
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Figure 1. Trend in the prevalence of latent tuberculosis infection in the United States, ages 25–74
years, based on tuberculin skin test reactivity. Error bars represent 95% confidence intervals, which
were calculated based on SEs incorporating the complex sample design. Latent tuberculosis was
defined by a tuberculin skin test reading of greater than or equal to 10 mm induration.
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foreign-born population compared with
the U.S.-born population, whereas these
associations were similar in both
populations when using the QFT-GIT.

The prevalence of LTBI was higher in
several specific populations as shown in
Table 5. Prevalence was higher both using
the TST and QFT-GIT among household
contacts of a TB case, those who had a prior
positive TB test (mostly TST), and among
those with a history of TB disease. The
estimates among the HIV-infected were
unstable because they were based on only 15
U.S.-born participants who were HIV-
positive (weighted HIV prevalence, 0.43%)
and one foreign born (0.13%); the overall
HIV prevalence was 0.37%. Only two of the
HIV-positive participants had a positive
QFT-GIT; none had a positive TST. Finally,
few of those with LTBI had a history of
completing TB treatment (data not shown).
Of the people with LTBI, 32.8% (17.5–48.2%)
of the U.S. born versus 20.7% (16.4–25.0%)
of the foreign born had a previous diagnosis of

LTBI, and 18.9% (7.9–29.9%) of U.S. born
and 10.3% (7.7–13.0%) of foreign born
received treatment.

Discussion

This report provides updated estimates of
the prevalence of LTBI in the United States
and compares them with previous estimates
from 1971 to 1972 and 1999 to 2000.
The estimated prevalence of LTBI in the
United States in 2011–2012 was 4.4%
using the TST and 4.8% using the
QFT-GIT, corresponding to 12,398,000
and 13,628,000 infected individuals,
respectively. This study also compares
trends in prevalence over time, changes in
risk factors, and the population-level
impacts of these temporal changes. Finally,
this study estimates the impact of LTBI
among high-risk groups in the United
States, such as foreign born, close contacts,
and certain racial and ethnic groups.

Although the prevalence estimate
found in this study is slightly higher than the
previous estimate of 4.2% obtained during
the 1999–2000 NHANES (13), some of the
difference is attributable to the differences
in ages of the study participants. For valid
comparisons with previous NHANES
studies, we compared prevalence estimates
using the 25- to 74-year-old subpopulation.
Despite a large (60%) decline between 1971
and 1999 (13, 23), TST prevalence
decreased by only 3% (from 5.8 to 5.7%)
during the 12-year interval between
1999–2000 and 2011–2012. Furthermore,
the absolute number of persons infected
with LTBI increased by 1.2 million over this
interval from 11.2 million to 12.4 million
because of overall population increases.
Additionally, the proportion of this
reservoir existing among the foreign born
increased from 63 to 73% over the same
interval. This represents a substantial
reservoir of infection, which threatens TB
elimination efforts in the United States.

Table 1. Estimated Prevalence and Population with LTBI in the United States, 2011–2012

Characteristics

Estimated
Population
(n [31,000])

TST QFT-GIT

LTBI Prevalence
(%) (95% CI)

Estimated Population with
LTBI (31,000) (95% CI)

LTBI Prevalence
(%) (95% CI)

Estimated Population with
LTBI (31,000) (95% CI)

All participants 282,460 4.4 (3.1–6.1) 12,398 (8,869–17,230) 4.8 (4.0–5.8) 13,628 (11,411–16,241)
Sex
Male 137,320 4.6 (3.2–6.6) 6,378 (4,449–9,091) 5.6 (4.8–6.7) 7,741 (6,536–9,159)
Female 145,140 4.2 (2.9–5.8) 6,020 (4,267–8,447) 4.1 (3.1–5.3) 5,887 (4,499–7,663)

Age group, yr
6–14 35,584 0.8 (0.4–1.4) 280 (153–512) 0.8 (0.4–1.9) 293 (125–683)
15–24 42,957 2.7 (1.6–4.4) 1,138 (687–1,873) 2.7 (1.7–4.2) 1,142 (726–1,783)
25–44 82,399 5.3 (3.4–8.2) 4,374 (2,793–6,773) 4.3 (3.3–5.4) 3,502 (2,752–4,441)
45–64 84,078 6.1 (4.2–8.6) 5,097 (3,548–7,256) 6.7 (4.9–9.1) 5,617 (4,086–7,668)
>65 37,442 4.0 (2.7–5.9) 1,508 (1,018–2,220) 8.2 (6.3–10.7) 3,074 (2,340–4,010)

Race/ethnicity
Non-Hispanic
white

180,506 1.0 (0.5–1.8) 1,726 (903–3,285) 2.6 (1.8–3.8) 4,681 (3,231–6,790)

Non-Hispanic
black

34,553 6.3 (4.6–8.4) 2,163 (1,596–2,913) 5.2 (3.8–7.0) 1,780 (1,310–2,408)

Hispanic 45,061 11.7 (8.1–16.5) 5,255 (3,663–7,417) 10.0 (8.4–11.9) 4,495 (3,767–5,344)
Asian 14,403 21.3 (17.5–25.8) 3,072 (2,515–3,714) 17.0 (14.4–19.9) 2,443 (2,074–2,862)
Other 7,936 2.3 (0.5–9.8) 182 (40–775) 2.9 (0.8–9.4) 229 (67–745)

Poverty income
index

>1 (nonpoverty) 214,023 3.7 (2.5–5.4) 7,942 (5,393–11,621) 4.3 (3.4–5.4) 9,205 (7,298–11,557)
,1 (poverty) 51,014 6.5 (5.1–8.3) 3,338 (2,612–4,244) 6.3 (5.1–7.7) 3,203 (2,612–3,918)

Education level
,High school 37,045 11.3 (7.4–17.0) 4,202 (2,745–6,294) 10.7 (8.3–13.8) 3,980 (3,067–5,127)
High school
graduate

45,978 4.9 (3.0–7.8) 2,248 (1,393–3,586) 7.4 (5.1–10.7) 3,404 (2,336–4,901)

Beyond high
school

143,305 3.7 (2.7–5.1) 5,323 (3,884–7,251) 3.8 (3.0–4.8) 5,416 (4,285–6,821)

Birthplace
United States 236,725 1.4 (0.8–2.5) 3,379 (1,941–5,823) 2.7 (1.9–3.9) 6,363 (4,427–9,114)
Foreign 45,624 19.8 (15.2–25.4) 9,018 (6,917–11,570) 15.9 (13.3–19.0) 7,264 (6,045–8,678)

Definition of abbreviations: CI = confidence interval; LTBI = latent tuberculosis infection; QFT-GIT = QuantiFERON Gold In-Tube; TST = tuberculin skin test.

ORIGINAL ARTICLE

504 American Journal of Respiratory and Critical Care Medicine Volume 194 Number 4 | August 15 2016



This study provides estimates of LTBI
prevalence that are similar to another recent
report, which found 4.7% prevalence of
positive TST and 5.0% of positive QFT-GIT
(22). The slightly higher estimates found in
that study resulted from slightly differing
methods, in particular the use of model
smoothing by reassignment of 9- and 10-mm

TST readings. Nevertheless, the overall
similarity and consistency of findings between
these independently performed analyses using
different methodologies suggests that the
findings of these studies are robust.

In addition to the foreign born, other
factors were found to be associated with
LTBI. These included certain racial and

ethnic groups, birth cohort, age, household
contacts of a TB case, and those with a prior
positive TB test. This study also provides
estimates of LTBI prevalence among Asians
in the United States, which were not available
in the previous NHANES. In 2010, 28% of
the foreign-born population in the United
States was born in Asia (24), and 5 of the 10

Table 2. Prevalence of LTBI with 95% Confidence Interval by Birth Cohort and Age, Using Data from Three NHANES Surveys,
Based on Tuberculin Skin Test Reactivity

Birth
Cohort (yr)

Age in
1971–1972 (yr)

Age in
1999–2000 (yr)

Age in
2011–2012 (yr)

Prevalence in
1971–1972 (%)

Prevalence in
1999–2000 (%)

Prevalence in
2011–2012 (%)

2002–2005 6–9 0.07 (0.01–0.58)
1997–2001 10–14 1.25 (0.66–2.36)
1992–1996 6–7 15–19 0.32 (0.06–1.66) 1.68 (0.97–2.90)
1987–1991 8–12 20–24 1.54 (0.57–4.10) 3.54 (1.90–6.50)
1982–1986 13–17 25–29 1.11 (0.49–2.52) 3.68 (1.80–7.39)
1977–1981 18–22 30–34 3.05 (1.23–7.36) 4.93 (3.60–6.70)
1972–1976 23–27 35–39 2.63 (1.05–6.43) 7.11 (4.35–11.43)
1967–1971 28–32 40–44 3.68 (1.60–8.24) 5.52 (2.78–10.67)
1962–1966 33–37 45–49 6.13 (3.35–10.97) 5.64 (3.86–8.19)
1957–1961 38–42 50–54 6.14 (3.30–11.15) 6.08 (3.65–9.96)
1952–1956 43–47 55–59 4.51 (2.28–8.73) 6.12 (3.37–10.84)
1947–1951 48–52 60–64 7.92 (3.91–15.37) 6.51 (3.65–11.36)
1942–1946 25–29 53–57 65–69 5.46 (1.63–16.74) 8.42 (4.69–14.64) 4.58 (2.73–7.56)
1937–1941 30–34 58–62 70–74 7.74 (3.15–17.77) 5.27 (2.43–11.05) 3.81 (2.13–6.73)
1932–1936 35–39 63–67 75–79 9.29 (4.63–17.78) 5.22 (2.81–9.51) 3.76 (1.93–7.19)
1927–1931 40–44 68–72 80–84 15.11 (9.09–24.07) 8.49 (3.57–18.87) 3.72 (1.72–7.86)

Definition of abbreviations: LTBI = latent tuberculosis infection; NHANES = National Health and Nutrition Examination Survey.

Table 3. Estimated Prevalence of LTBI in the United States Stratified by Country of Birth

Characteristics

U.S.-Born Population Foreign-Born Population

% TST-Positive
(95% CI)

% QFT-GIT–Positive
(95% CI)

% TST-Positive
(95% CI)

% QFT-GIT–Positive
(95% CI)

All participants 1.4 (0.8–2.5) 2.7 (1.9–3.9) 19.8 (15.2–25.4) 15.9 (13.3–19.0)
Sex
Male 1.7 (0.9–3.0) 3.2 (2.4–4.4) 20.0 (15.0–26.1) 18.0 (14.7–21.7)
Female 1.2 (0.7–2.1) 2.2 (1.3–3.8) 19.6 (14.6–25.7) 13.9 (10.9–17.7)

Age group, yr
6–14 0.3 (0.1–0.7) 0.7 (0.3–1.9) 7.4 (2.7–18.8) 2.5 (0.6–10.3)
15–24 0.9 (0.3–2.7) 1.9 (0.9–3.9) 12.7 (7.4–20.9) 6.9 (2.9–15.4)
25–44 1.4 (0.8–2.5) 1.9 (0.9–3.8) 17.9 (12.0–26.0) 12.0 (9.0–15.7)
45–64 2.0 (0.9–4.3) 3.5 (2.1–5.8) 27.9 (21.1–35.9) 23.6 (18.0–30.2)
>65 2.0 (1.1–3.5) 5.2 (3.8–7.1) 20.8 (14.5–28.8) 32.3 (23.9–42.0)

Race/ethnicity
Non-Hispanic white 0.6 (0.3–1.4) 2.3 (1.5–3.6) 9.1 (3.8–20.4) 9.2 (4.0–19.9)
Non-Hispanic black 4.6 (3.1–6.8) 4.3 (3.0–6.2) 26.0 (18.8–34.8) 15.3 (10.3–22.2)
Hispanic 2.9 (2.0–4.3) 3.4 (2.2–5.2) 19.1 (13.0–27.3) 15.6 (12.6–19.1)
Asian 2.1 (0.7–6.0) 2.9 (1.4–5.9) 27.9 (23.6–32.8) 21.8 (18.9–25.0)
Other 2.0 (0.3–12.2) 2.0 (0.3–11.8) 4.5 (1.0–18.3) 9.6 (2.1–34.2)

Poverty income index
>1 (nonpoverty) 1.3 (0.7–2.2) 2.6 (1.8–3.8) 19.6 (14.8–25.4) 15.3 (12.8–18.3)
,1 (poverty) 2.3 (1.2–4.3) 3.4 (2.5–4.7) 19.7 (14.3–26.4) 15.0 (10.1–21.8)

Education level
,High school 5.2 (2.1–12.4) 5.7 (3.8–8.6) 21.9 (16.4–28.5) 19.4 (15.5–23.9)
High school graduate 2.1 (1.1–3.9) 4.9 (3.1–7.5) 19.3 (11.5–30.7) 20.4 (13.6–29.5)
Beyond high school 1.0 (0.6–1.7) 2.1 (1.2–3.8) 21.5 (15.8–28.5) 14.7 (11.7–18.3)

Definition of abbreviations: CI = confidence interval; LTBI = latent tuberculosis infection; QFT-GIT = QuantiFERON Gold In-Tube; TST = tuberculin skin test.
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leading countries of origin for immigration
to the United States were from Asia: China,
Vietnam, India, Korea, and Philippines (25),
countries that have some of the highest

burdens of TB disease worldwide (26). In
our study, Asian individuals had the highest
prevalence of LTBI among any of the groups
studied: 25% had a positive TST and 18%

had a positive QFT-GIT. Identifying these
high-risk groups is important for surveillance
purposes to accurately target testing among
these groups over time (3, 12).

Table 4. Logistic Regression Models with Risk Factors for LTBI in the U.S. Population, Stratified by Country of Birth*

Factor

U.S.-Born Population [Adjusted OR (95% CI)] Foreign-Born Population [Adjusted OR (95% CI)]

TST (n = 4,352) QFT-GIT (n = 4,339) TST (n = 1,274) QFT-GIT (n = 1,270)

Race/ethnicity
Non-Hispanic white 1.0 1.0 1.0 1.0
Non-Hispanic black 9.5 (4.3–20.8) 2.3 (1.3–3.8) 3.0 (1.0–8.8) 1.5 (0.5–4.6)
Hispanic 9.5 (3.6–24.6) 2.4 (1.1–5.2) 2.1 (0.8–5.7) 1.7 (0.6–5.0)
Asian 7.6 (1.4–41.3) 2.6 (0.7–9.0) 3.7 (1.5–9.1) 2.5 (1.0–6.5)
Other 4.4 (0.7–28.3) 1.1 (0.2–6.2) 0.5 (0.1–3.9) 0.2 (0.0–3.2)

Wald x24 (P value) 38.39 (,0.0001) 12.59 (0.0134) 17.74 (0.0014) 13.64 (0.0086)

Poverty income index
>1 (nonpoverty) 1.0 1.0 1.0 1.0
,1 (poverty) 1.5 (0.7–3.6) 1.6 (1.0–2.5) 1.2 (0.9–1.7) 1.2 (0.7–2.0)

Wald x21 (P value) 1.21 (0.2708) 3.81 (0.0509) 1.45 (0.2291) 0.27 (0.6047)

Sex
Female 1.0 1.0 1.0 1.0
Male 1.5 (1.0–2.4) 1.6 (0.9–2.7) 1.1 (0.8–1.5) 1.6 (1.2–2.1)

Wald x21 (P value) 4.02 (0.0449) 3.33 (0.0681) 0.16 (0.6901) 11.32 (0.0008)

Age group, yr
6–14 1.0 1.0 1.0 1.0
15–24 3.3 (0.8–13.5) 2.7 (0.9–7.7) 1.7 (0.5–6.1) 2.8 (0.5–15.2)
25–44 8.3 (4.0–17.2) 3.8 (1.4–10.4) 2.4 (0.6–9.0) 4.4 (1.1–17.8)
45–64 16.2 (5.8–45.5) 8.1 (2.6–25.0) 4.5 (1.3–14.3) 10.5 (2.5–43.8)
>65 18.0 (7.2–45.3) 13.3 (4.4–40.8) 2.9 (0.9–9.8) 17.4 (3.9–77.9)

Wald x24 (P value) 46.48 (,0.0001) 33.71 (,0.0001) 31.07 (,0.0001) 37.77 (,0.0001)

Definition of abbreviations: CI = confidence interval; LTBI = latent tuberculosis infection; OR = odds ratio; QFT-GIT = QuantiFERON Gold In-Tube; TST =
tuberculin skin test.
*All logistic models are adjusted for all the variables in the table; Wald chi-square test was used to decide if all the subgroups defined by a categorical
variable were equal or not.

Table 5. Prevalence of Positive TST and Positive QFT-GIT among Other High-Risk Populations

Population
No. of NHANES

Subjects

TST-Positive QFT-GIT–Positive

Prevalence (%)
(95% CI)

Population (31,000)
(95% CI)

Prevalence (%)
(95% CI)

Population (31,000)
(95% CI)

All participants 6,083 4.4 (3.1–6.1) 12,398 (8,869–17,230) 4.8 (4.0–5.8) 13,628 (11,411–16,241)
Household contacts 176 12.8 (7.4–21.2) 904 (524–1,494) 14.4 (8.4–23.6) 1,014 (592–1,661)
HIV-infected*† 16 0 (n/a) 0 (n/a) 7.7 (2.0–25.4) 49 (13–164)
Any previous positive

TB test
248 35.5 (27.8–44.0) 2,874 (2,252–3,565) 28.2 (22.3–35.0) 2,285 (1,808–2,831)

Previous positive TST 218 36.3 (28.1–45.3) 2,639 (2,046–3,296) 26.9 (20.3–34.7) 1,956 (1,476–2,524)
Previous positive
IGRA*

8 0 (n/a) 0 (n/a) 0 (n/a) 0 (n/a)

Previous positive TB
tine*

25 25.7 (11.4–48.4) 235 (104–443) 35.9 (15.3–63.5) 329 (140–581)

History of TB disease 32 47.6 (35.9–59.6) 429 (324–537) 51.5 (31.2–71.3) 464 (281–642)

Definition of abbreviations: CI = confidence interval; IGRA = IFN-g release assay; NHANES =National Health and Nutrition Examination Survey; QFT-GIT =
QuantiFERON Gold In-Tube; TB = tuberculosis; TST = tuberculin skin test.
*Estimates may be unreliable because of small sample size (,10 positives).
†Only includes participants aged 18–59 because only these ages were tested.
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This study also compares estimates of
LTBI prevalence obtained using the TST with
those obtained using an IGRA (the QFT-
GIT). These estimates are important because
of the increasing use of IGRAs in the United
States, particularly among health departments
(27–30). Although similar results were
obtained for TST and QFT-GIT, use of
QFT-GIT resulted in higher overall
prevalence estimates among the U.S. born
and lower estimates in the foreign born. The
finding of lower prevalence of LTBI in the
foreign born with the QFT-GIT compared
with the TST was expected because of the
higher pooled specificity of IGRAs,
particularly among persons vaccinated with
bacillus Calmette-Guérin (31). The finding of
higher estimates among U.S.-born
participants with the QFT-GIT was surprising
because in low-risk populations, such as this
one, highly specific tests are expected to result
in less false-positives and lower prevalence
estimates (32, 33). It is also concerning
because of the greater variability and false-
positives that have been reported when using
the QFT-GIT in low-risk populations (34,
35). This study supports previous findings
that switching to the use of QFT-GIT at
health departments may significantly reduce
the number of LTBI diagnoses (28), but only
when used among foreign-born patients.
Further analysis of discordance between TST
and QFT-GIT is presented by Ghassemieh
and colleagues elsewhere in this issue.

The relationship between LTBI and age
is confounded by the strong association of
TB with birth cohort (36). Both age and
cohort effects were seen in this study.
Earlier birth cohorts consistently had
higher prevalence than more recent ones,
demonstrating cohort effects. Age effects
were more complex, with TST reactivity
generally increasing up to about age 60 in
each cohort and then decreasing thereafter.
Because the TST is thought to reflect the
cumulative experience with infection since
birth (37), this increase in prevalence with
age was expected. The decrease in
prevalence seen among older age groups is
also consistent with the previous literature
(13, 38, 39). The reasons for decreasing
prevalence with age are complex and
multifactorial but may include waning
immunologic reactivity; self-cure;
preferential survival of uninfected
individuals; and the confounding effects of
comorbidities, nutritional status, or
medications. A previous study using the
1971 and 1999 NHANES showed similar age

and cohort effects but suggested that waning
reactivity started after age 45 (36), whereas
in this study waning did not occur until after
about age 60. In contrast to the TST, the
prevalence of QFT-GIT positivity continued
to increase with age for all age groups,
supporting previous suggestions that the
QFT-GIT may not be as susceptible to the
effect of age compared with the TST. Further
research among older adults is needed to
determine the significance of this finding.

The strengths of this study include its
large sample size, generalizability to the
overall U.S. population, comparability with
previous studies, and ability to compare TST
and QFT-GIT prevalence estimates in the
same population. However, this study also
has several limitations. Selection bias is
possible from nonparticipation in the survey
or the TB components of the survey,
although we attempted to account for this by
weighting for the probability of nonresponse
and nonparticipation in TB testing.
However, NHANES does not include
incarcerated or homeless individuals.
Because up to 25% of TB is transmitted in a
clustered manner (8), particularly in
homeless and other difficult-to-reach
settings (40), the NHANES sampling
methodology may miss individuals within
these clusters. Because these are important
risk groups for TB control in the United
States, their exclusion may have led to slight
underestimates of prevalence in this study.

There are potential problems with
misclassification of outcome because there is no
gold standard for the diagnosis of LTBI. In
this study, we were able to compare two
commercially available LTBI diagnostics, but
neither a positive TST nor a positive QFT-GIT
necessarily equate to LTBI. Both tests are
known to have substantial variability (34, 41),
which may account for some of the
discordance between the two tests. Testing of
low-risk populations (including much of the
U.S. population) may result in a large
proportion of false-positives and overestimates
of LTBI prevalence (32, 33). Additionally, we
used a TST reaction size of greater than or
equal to 10 mm to define LTBI to compare the
results with previous studies (13, 23). However,
this is not the definition recommended by
the CDC that is used in practice, which uses a
risk-stratified interpretation with different
cutoffs for reaction size according to the risk
profile (18, 42).

LTBI is mainly a concern because of the
risk of progression to TB disease, thus the
inclusion of cases with a previous history of TB

disease or TB treatment also may have
resulted in an overestimate of the population
at risk of progression by up to 2 million
individuals. We retained these individuals in
our estimates of LTBI again for comparability
with previous studies and their estimates.
NHANES did not capture information on
certain well-established risk factors for LTBI
that could have been used to target testing,
such as immunocompromising medical
conditions other than HIV, high-risk
occupations, and other groups, such as
homeless or prison populations. Information
on possible confounders of these associations,
such as bacillus Calmette-Guérin vaccination,
duration of residence outside the United
States, and geographic region of origin among
those born outside the United States, was not
available, although bacillus Calmette-Guérin
had no independent effect on LTBI
prevalence in the previous survey (13).

Conclusions
After years of decline, the prevalence of
LTBI remained relatively constant between
2000 and 2012. Additionally, the absolute
number of those infected increased by
1.2 million to 12.4 million, suggesting that
this large reservoir of TB infection will
continue to threaten TB elimination efforts
in the United States. Targeted testing and
treatment of LTBI is a central pillar of TB
control efforts in the United States and is
critical to the success of the goal of TB
elimination. This study provides updated
estimates of LTBI among the foreign born and
other risk groups in the United States to help
guide control programs. Foreign-born persons
represent an increasingly larger proportion of
the reservoir of LTBI (73%), so programs
should continue to increase their focus on this
and other high-risk subpopulations through
targeted testing and treatment. Finally, as
more public health departments and clinicians
switch from TST to IGRA testing methods,
they should be aware of the differences
between these tests when used in specific
populations. Further discussion of the
significance of the discordance between TST
and QFT-GIT is presented by Ghassemieh
and colleagues elsewhere in this issue. n
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