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Rationale: There is uncertainty regarding how to interpret discor-
dance between tests for latent tuberculosis infection.

Objectives: The objective of this study was to assess discordance be-
tween commercially available tests for latent tuberculosis in a low-
prevalence population, including the impact of nontuberculous
mycobacteria.

Methods: This was a cross-sectional comparison study among 2,017
military recruits at Fort Jackson, South Carolina, from April to June
20009. Several tests were performed simultaneously with a risk factor
questionnaire, including (7) QuantiFERON-TB Gold In-Tube test, (2)
T-SPOT.TB test, (3) tuberculin skin test, and (4) Battey skin test using
purified protein derivative from the Battey bacillus.

Measurements and Main Results: In this low-prevalence population, the
specificities of the three commercially available diagnostic tests were
not significantly different. Of the 88 subjects with a positive test, only 10
(11.4%) were positive to all three tests; 20 (22.7%) were positive to at
least two tests. Bacille Calmette-Guérin vaccination, tuberculosis prev-
alence in country of birth, and Battey skin test reaction size were asso-
ciated with tuberculin skin test—positive, IFN-y release assay—negative
test discordance. Increasing agreement between the three tests was
associated with epidemiologic criteria indicating risk of infection and
with quantitative test results.

(Received in original form July 11, 2011, accepted in final form November 20, 2011)

Supported by the Infectious Disease Clinical Research Program, a Department of
Defense program executed through the Uniformed Services University of the
Health Sciences. This project has been funded in whole, or in part, with federal
funds from the National Institute of Allergy and Infectious Diseases, National
Institutes of Health (NIH), under Inter-Agency Agreement Y1-Al-5072. The con-
tent of this publication is the sole responsibility of the authors and does not
necessarily reflect the views or policies of the NIH, the Department of Health
and Human Services, the Centers for Disease Control and Prevention, the De-
partment of Defense, or the Departments of the Army, Navy, or Air Force. Men-
tion of trade names, commercial products, or organizations does not imply
endorsement by the US Government. The Infectious Disease Clinical Research
Program (Bethesda, MD) participated in all phases of the study, including design
and conduct of the study; collection, management, analysis, and interpretation
of the data; and preparation, review, or approval of the manuscript. Oxford
Immunotec (Marlborough, MA) performed T-Spot testing (masked) as an in-kind
contribution, but played no other role in the design, conduct, collection, man-
agement, analysis, interpretation of the data, preparation, review, or approval of
the manuscript. Laboratory and technical support was also provided by the US Air
Force School of Aerospace Medicine and the Centers for Disease Control
and Prevention’s Division of TB Elimination.

Author Contributions: ).D.M., D.T., G.H.M., C.O., N.E.A,, L.G., D.G., and LW.K.
all had substantial participation in conception and design of the study, acquisi-
tion or analysis of data, interpretation of the data, and revision of the article.

Correspondence and requests for reprints should be addressed to James D. Mancuso,
M.D. Dr.P.H., Walter Reed Army Institute of Research, Preventive Medicine Residency
Program, 503 Robert Grant Road, Silver Spring, MD 20910. E-mail: james.mancuso@
us.army.mil

This article has an online supplement, which is accessible from this issue’s table of
contents at www.atsjournals.org

Am | Respir Crit Care Med Vol 185, Iss. 4, pp 427-434, Feb 15, 2012

Published 2012 by the American Thoracic Society

Originally Published in Press as DOI: 10.1164/rccm.201107-12440C on December 8, 2011
Internet address: www.atsjournals.org

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

There is substantial discordance between the tuberculin skin
test and IFN-vy release assays in populations with low prev-
alence of tuberculosis, and most positive results from the
three tests identify different people.

What This Study Adds to the Field

This study suggests that most positives from any of these
tests are false-positives in low-prevalence populations. To
support the current recommendations to treat tuberculosis,
targeted testing using risk-stratified interpretation should be
used for the IFN-vy release assays as with the tuberculin skin
test.

Conclusions: For most positive results the three tests identified differ-
ent people, suggesting that in low-prevalence populations most dis-
cordant results are caused by false-positives. False-positive tuberculin
skin test reactions associated with reactivity to nontuberculous myco-
bacteria and bacille Calmette-Guérin vaccination may account for
a proportion of test discordance observed.

Keywords: tuberculosis screening; interferon-y release assays; nontu-
berculous mycobacteria

There is continued uncertainty as to which diagnostic test for latent
tuberculosis infection (LTBI) is most accurate in the United States
population: the tuberculin skin test (TST) or IFN-y release assays
(IGRAs), including the QuantiFERON-TB Gold In-Tube test
(QFT-GIT) and T-SPOT.TB test (T-Spot). There is no gold di-
agnostic standard for evaluating the performance of the IGRAs
compared with the TST other than the long-term progression to
active TB in cohort studies (1). In the absence of a gold standard,
IGRAs are routinely compared in practice with the TST in cross-
sectional evaluation studies, using active TB cases to assess sensi-
tivity and low-risk populations to assess specificity (2, 3). In these
studies, significant discordance is often found between IGRA and
TST results. In a study of Navy recruits, 11 (73%) of 15 of the
highest-risk individuals (whose country of birth had a rate of
active TB of >100 per 100,000 person-years and who had TST
reactions of at least 15 mm) had negative QFT-Gold tests (4).
There are several explanations for these discordant results, includ-
ing the use of region of difference one antigens in the IGRAs,
which might result in greater specificity. However, it is also pos-
sible that the TST may have greater sensitivity, that the IGRAs
may detect only unresolved or more recent infections (5), or that
TST and IGRAs provide complementary measures of immune
response (6).
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Nontuberculous mycobacteria (NTM) may be an important
potential source of false-positive tests for Mycobacterium tuber-
culosis infection in areas where the likelihood of infection is
very low (7), such as the southeastern United States (8). The late
Dr. George Comstock remarked in 1975 that “the frequency of
cross-reactions to tuberculin in this [Navy recruit] population is
sufficiently great that the prevalence of true tuberculous infec-
tions among white recruits may already be approaching zero” (9).
The prevalence of sensitization to NTM in the United States
population increased from 11% in 1972 to 17% in 2000 (10).
Military recruits are an excellent population to explore NTM
sensitization as a potential source of TST/IGRA discordance,
because bacille Calmette-Guérin (BCG) and waning sensitivity
to TST because of age are uncommon and recruits originate from
a wide geographic area.

The impact of cross-reactivity on TST results has been previ-
ously investigated by comparing results of skin tests performed
with purified protein derivative (PPD) made from M. tuberculosis
(PPD-Seibert) and several NTM, including Mycobacterium intra-
cellulare. PPD-Battey (PPD-B) is a skin test antigen made from

the Boone strain of M. intracellulare in a manner similar to how
PPD-Seibert is made from M. tuberculosis. A skin test performed
with PPD-B is referred to as a “Battey skin test” (BST). The BST
has been used as an aid in the differentiation of reactivity to M.
tuberculosis from reactivity to NTM in Navy recruit (8, 11) and
National Health and Nutrition Examination Survey studies (10,
12, 13). It has also been used in many other smaller epidemiologic
studies (14-19). The objectives of this study were to compare
commercially available tests for LTBI in a heterogeneous, low-
LTBI prevalence United States population and to assess the im-
pact of NTM reactivity on test discordance.

METHODS

Study Enrollment

After providing written informed consent, recruits originating from all
areas of the United States, age 18 years or older, undergoing routine
entry-level medical processing at Fort Jackson, South Carolina, were
screened for participation in the study. Recruits were excluded from
participating if they (Z) had a history of severe reaction to the TST,

TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS (N = 1978)

Characteristic Number* Percent (%)
Sex

Male 1,294 65.5

Female 681 34.5
Age (SD) 1,974 21.8 yr (4.6 yr)
Race or ethnic group’

White 1,298 65.6

Black 459 23.2

Hispanic 221 11.4

Asian/Pacific Islander 117 5.7

Other 63 3.2
Prevalence of TB in country of birth

<20 per 100,000 1,873 94.7

20-100 per 100,000 35 1.8

>100 per 100,000 70 3.5
BCG vaccinated 69 3.5
Greatest prevalence of TB among countries the subject lived

in or traveled to for >1 mo

<20 per 100,000 1,811 91.6

20-100 per 100,000 62 3.1

>100 per 100,000 105 53
Contact with someone with TB

In same household 24 1.2

Casual contact 73 3.7
Healthcare work 232 11.7
Lived or worked in congregate setting 120 6.1
Farm work or residence 383 19.4
Current residence

Northeast United States 337 17

Southeast United States 657 33.2

Western United States 706 35.7

Other 278 141
Smoking

Never 1,480 75.1

<1 pack per day 395 20

1+ pack per day 97 4.9
Education, yr

<12 257 13

12 1,095 55.4

13-15 468 23.7

16+ 158 8
Prior TB treatment 45 2.3
Prior TB skin test performed 710 35.9

Prior positive skin test 24 3.4 (of those with a prior test)

Unknown result 54 7.6 (of those with a prior test)

Definition of abbreviations: BCG = bacille Calmette-Guérin vaccine; TB = tuberculosis.

*Some cells do not total to 1,978 because of missing data.

* Recruits could choose more than one group; other includes 39 American Indian, 8 biracial or multiracial.
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(2) were pregnant by urine human chorionic gonadotropin testing, (3)
had received a live virus vaccine within the past 30 days, or (4) had
a major viral infection at the time of screening.

Regulatory Information

PPD-B was used as a skin test antigen under an Investigational New
Drug Protocol sponsored by the Uniformed Services University in
Bethesda, Maryland. The Infectious Diseases Institutional Review
Board at Uniformed Services University provided approval and over-
sight of the study.

Study Design

This cross-sectional comparison study among Army recruits at Fort
Jackson consisted of five elements: (1) a TB risk factor questionnaire, (2)
T-Spot, (3) QFT-GIT, (4) BST, and (5) TST.

Study Methodology and Procedures

Risk factor questionnaire. The TB risk factor questionnaire contained
questions about demographics, TB exposure, work history, location
of residence, and other factors shown in Table 1. This questionnaire
was developed from the risk factors previously identified in the military
and nonmilitary literature (20-25), and other factors considered candi-
dates for causal relationships with LTBI.

IGRAs. Blood for QFT-GIT and T-Spot was collected at the time of
routine phlebotomy for recruit in-processing. Personnel performing
IGRAs were masked to all patient data. QFT-GIT was performed
according to package insert instructions, including incubation and cen-
trifugation of blood within the prescribed times at Fort Jackson, and
completion of ELISAs at the US Air Force School of Aerospace Med-
icine, Brooks City-Base, Texas, and the Centers for Disease Control and
Prevention (CDC), Atlanta, Georgia (26). ELISAs were performed with

A d for eligibility (n=3095)

| o Age < 18 years (n=394)
I »l o Pregnant (n=2)

I+ Declined to participate (n= 680)

Enrolled (n=2017)

I Excluded

| blood draw (n=39)

All tests completed (n=1826)

I Excluded
- == » + Indeterminate T-Spot (n=6)
|« Indeterminate QFT-GIT (n=17)

A

Included in analyses of quantitative TB response (n=1803)

B ’j Excluded
|+ Borderline T-Spot (n=22)

A 4

Included in analyses of test agreement and interpretation (n=1781)

I+ Did not meet inclusion criteria (n=398)

| o Failed to complete pregnancy test (n=2)

- >« Did not receive both skin tests and

i + One or more Invalid tests (n=152)*
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the aid of Triturus automated ELISA workstations (Grifols USA, Los
Angeles, CA). T-Spot was performed per package insert instructions (27)
at the Oxford Immunotec, Ltd. Laboratory, Marlborough, Massachusetts,
with the addition of T cell Xtend (Oxford Immunotec, Ltd., Oxfordshire,
UK) immediately before peripheral blood mononuclear cell recovery.
IGRAs were interpreted according to published guidelines (28); however,
in the analysis of quantitative responses, borderline T-Spot results (i.e., TB
response of five, six, or seven spots) were coded as “negative.”

Skin testing. TST and BST were placed by study personnel after the
blood draw. All personnel involved in placement and reading of the skin
test were trained and monitored to strictly adhere to standard operating
procedures based on published methods for skin test administration and
interpretation (20, 29). The Mantoux technique was used to intradermally
administer 0.1 ml (5 TU) of Tubersol tuberculin PPD (Sanofi Pasteur Ltd.,
Toronto, ON, Canada) and 0.1 ml (0.01 p.g) of PPD-B at the same sitting.
One skin test was placed on each forearm. A random number table for
each recruitment day determined which PPD was placed on each arm.
The transverse diameter of induration at each skin test site was measured
2 days after PPD injection. Participants and those administering and read-
ing the skin tests were masked to which skin test antigen was administered
on each arm.

Definitions

Recruits were categorized using a risk stratified interpretation (RSI), as pre-
viously described by the CDC (30). The only modifications to the CDC
criteria were that no time limitations were placed on contact with an active
TB case or immigration from a high-prevalence country. The TB preva-
lence reported by the World Health Organization in 1990 was used to
estimate exposure risk by country using groups of () less than 20 per
100,000, (2) 20-100 per 100,000, and (3) greater than 100 per 100,000 (4,
31). BCG status was determined by self report. There was a strong cor-
relation between reported history of BCG vaccination, presence of BCG
scar, and foreign birth in this population. There was no significant

P -

Figure 1. Flow chart of study comparing the tuberculin skin
test with two IFN-y release assays in 2009 at Fort Jackson,
South Carolina. *One of these subjects had a borderline
T-SPOT.TB test (T-Spot) and an invalid QuantiFERON-TB
Gold In-Tube test (QFT-GIT). TB = tuberculosis.
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TABLE 2. NUMBER AND PROPORTION OF POSITIVE TB TESTS
AND PROPORTIONS OF POSITIVES REACTING TO BST

Number (%) of

Number Number (%) Positives with
Positive of Positives with Dominant BST
TB Test Type (% of total)* BST =10 mm =10 mm?
TST
=10 mm 57 3.2) 33 (58) 12 (21)
=15 mm 25 (1.4)° 16 (64) 3(12)
RsI! 48 (2.7) 28 (58) 9 (19)
T-Spot 34 (1.9) 11 (32) 4(12)
QFT-GIT 36 (2) 8 (22) 3(8)

Definition of abbreviations: BST = Battey skin test using purified protein derivative;
QFT-GIT = QuantiFERON-TB Gold In-Tube test; TB = tuberculosis; T-Spot = T-
SPOT.TB test; TST = tuberculin skin test.

*Total population = 1,781 with determinate results by all three tests.

T Dominant BST reaction is defined as BST reaction at least 2 mm larger than
the TST reaction.

#TST with 10-mm cutoff had a statistically significant increased proportion of
positives (P < 0.05) compared with all other TST cutoffs, QFT-GIT, and T-Spot.

STST with 1-mm cutoff had a statistically significant decreased proportion of
positives compared with the RSI and 10-mm TST cutoffs only (P < 0.0001).

I'RSI = TST positive defined by risk stratified interpretation (30).

difference in the results when using history of BCG vaccination or BCG
scar (data not shown). Test specificity was estimated by assuming that
recruits with no risk factors for M. tuberculosis exposure were uninfected.
An invalid test was defined as those with insufficient blood, misplaced or
dislodged caps, an insufficient number of peripheral blood mononuclear
cells recovered, or other laboratory errors. Test discordance was catego-
rized as “TST positive/IGRA negative” or “TST negative/IGRA posi-
tive” for the QFT-GIT and the T-Spot. BST induration size was
categorized into four 5-mm intervals and one greater than or equal to
20 mm. A dominant BST reaction was defined as a BST reaction of at
least 2 mm greater than the TST reaction.

Statistical Considerations

The proportion of recruits with a positive TST, T-Spot, and QFT-GIT
were compared using McNemar test for correlated proportions, as were
specificity and the proportion of indeterminate and invalid results for each
test. The proportions of discordant and concordant results were also mea-
sured, and test agreement using kappa (k) coefficient. Factors associated
with discordance were evaluated using standard chi-square bivariate sta-
tistics, stratified analyses, and multivariate analysis. Prevalence ratios
were directly estimated for both bivariate and multivariate analyses.
Because the log-binomial model failed to converge because of numerical
instability, Poisson regression with robust variance estimation was used
to calculate multivariate prevalence ratios (32). The variables evaluated
are listed in Table 1.

Discordance between TST and IGRA was further assessed using
associations between demographic and exposure variables including cat-
egory of BST induration. TST positive/IGRA negative discordance was
assessed separately from TST negative/IGRA positive discordance. The
comparison group used for both of these analyses was the group of con-
cordant negatives.

TABLE 3. AGREEMENT BETWEEN T-SPOT AND TST

TST Positive* TST Negative Total
T-Spot positive 15 (0.8%) 19 (1.1%) 34 (1.9%)
T-Spot negative 33 (1.9%) 1,714 (96.2%)" 1,747 (98.1%)
Total 48 (2.7%) 1,733 (97.3%) 1,781

Definition of abbreviations: T-Spot = T-SPOT.TB test; TST = tuberculin skin test.

*TST positive defined by risk stratified interpretation (30).

TIncludes 23 subjects with borderline TB response of five spots (11 subjects),
six spots (11 subjects), or seven spots (one subject).

% agreement = 97.1%.

K (95% confidence interval) = 0.35 (0.22-0.49).

TABLE 4. AGREEMENT BETWEEN QFT-GIT AND TST

TST Positive* TST Negative Total
QFT-GIT positive 11 (0.6%) 25 (1.4%) 36 (2%)
QFT-GIT negative 37 (2.1%) 1,708 (95.9%) 1,745 (98%)
Total 48 (2.7%) 1,733 (97.3%) 1,781

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold In-Tube test; TST =
tuberculin skin test.

*TST positive defined by risk stratified interpretation (30).

% agreement = 96.5%.

K (95% confidence interval) = 0.24 (0.12-0.37).

RESULTS

Figure 1 depicts subject participation and follow-up in a flow
chart. Of the 3,095 recruits approached from April 1 to June
11, 2009, a total of 2,697 were eligible to participate in the study,
of which 2,017 subjects (75%) enrolled. Of the 39 recruits who
withdrew before blood collection or completion of skin testing,
30 were for administrative reasons unrelated to the study. Char-
acteristics of the remaining 1,978 study participants are shown in
Table 1. TST results were available for all of the remaining 1,978
participants, and were read a mean of 45 hours after PPD injec-
tion (range, 40-50 h). TST induration was detected in 122 (6.2%)
participants and ranged from 2-80 mm. No significant digit pref-
erence was identified on inspection of the histogram of reaction
size (see online supplement). T-Spot and QFT-GIT results were
available for 1,913 (96.7%) and 1,850 (93.5%), respectively.
QFT-GIT was invalid for 128 (6.5%) subjects, and 17 (0.9%) of
the valid QFT-GIT gave indeterminate results. T-Spot was in-
valid for 65 (3.3%) subjects, 6 (0.3%) of the valid T-Spots were
indeterminate, and 23 (1.2%) had borderline results with a TB
response between five and seven spots. The relatively high pro-
portion of subjects with invalid tests was caused by a need for
numerous tubes of blood for routine recruit inprocessing and
investigational tests, and an institutional review board restriction
against additional phlebotomy solely to collect blood for
investigational tests.

Of the 1,803 subjects who had valid positive, negative, or bor-
derline results for all three tests, 1,373 were classified as low-risk for
M. tuberculosis infection based on history, but 19 of them had
borderline T-Spot results. Among the 1,354 recruits without iden-
tifiable risks and with determinate results for all three tests, esti-
mates of TST specificity were 99.3% (95% confidence interval
[CT], 98.7-99.7) when using the 15-mm cutoff for positive recom-
mended by the CDC for persons at low risk of exposure (30), or
98.6% (95% CI, 97.8-99.2) when using a 10-mm cutoff. The spec-
ificity of the IGRAs was 98.7% for the T-Spot (1,336 negatives
among 1,354 low-risk recruits; 95% CI, 97.9-99.2), and 98.8% for
the QFT-GIT (1,338 negatives among 1,354 low-risk recruits; 95%
CI, 98.1-99.3). Estimates of specificity were unchanged when bor-
derline T-Spot results were coded as negative and included in the
analysis (data not shown). None of the differences were statisti-
cally significant.

TABLE 5. AGREEMENT BETWEEN T-SPOT AND QFT-GIT

QFT-GIT Positive QFT-GIT Negative Total
T-Spot positive 14 (0.8%) 20 (1.1%) 34 (1.9%)
T-Spot negative 22 (1.2%) 1,725 (96.9%) 1,747 (98.1%)
Total 36 (2%) 1,745 (98%) 1,781

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold In-Tube test; T-
Spot = T-SPOT.TB test.

% agreement = 97.6%.

K (95% confidence interval) = 0.39 (0.24-0.54).
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TABLE 6. ASSOCIATIONS BETWEEN SELECTED CHARACTERISTICS AND DISCORDANCE BETWEEN POSITIVE TST (=10 MM) AND NEGATIVE

IGRA
Recruits with a Negative QFT-GIT Result (n = 1,745) Recruits with a Negative T-Spot Result (n = 1,747)
Bivariate Multivariate Bivariate Multivariate
N with TST Prevalence Prevalence N with TST Prevalence Prevalence
Positive* Ratio Ratio N Positive* Ratio Ratio
Characteristic N (of 1,745) (n=37) (95% CI) (95% CI) (of 1,747) (n=33) (95% CI) (95% CI)
Age, yr' — — 1.1 (1.1-1.2) ¥ — — 1.1 (1.1-1.2) ¥
Sex * *
Male 1,136 21 1 (REF) 1,132 19 1 (REF)
Female 607 16 1.4 (0.7-2.7) 613 14 1.4 (0.7-2.7)
Race and ethnic group * ¥
White 1,158 11 1 (REF) 1,157 11 1 (REF)
Black 397 10 2.7 (1.1-6.2) 400 10 2.6 (1.1-6.1)
Asian/Pacific Islander 60 12 21.1 (9.7-45.7) 59 8 14.2 (6-34.1)
Hispanic 194 7 3.8 (1.5-9.7) 197 7 3.7 (1.5-9.5)
TB prevalence in country
of birth or long-term
residence
<20 per 100,000 1,659 19 1 (REF) 1 (REF) 1,662 18 1 (REF) 1 (REF)
20-100 per 100,000 30 3 8.7 (2.7-27.9) 6.2 (2.1-18.7) 30 3 9.2 (2.9-29.7) 7.9 (2.8-22.5)
>100 per 100,000 56 15 23.3 (12.6-43.6) 7.7 (3-20.1) 55 12 20.1 (10.2-39.7) 9.1 (3.9-21.4)
BCG vaccination
No 1,690 20 1 (REF) 1 (REF) 1,695 19 1 (REF) 1 (REF)
Yes 55 17 26.1 (14.5-47) 4 (1.6-9.7) 52 14 24 (12.8-45.2) 4.4 (2.1-9.5)
BST reaction
0-4 mm 1,417 8 1 (REF) 1 (REF) 1,423 7 1 (REF) 1 (REF)
5-9 mm 133 7 9.3 (3.4-25.3) 5.5(2.2-13.5) 132 6 9.2 (3.2-27.1) 5.4 (2-14.5)
10-14 mm 145 11 13.4 (5.5-32.9) 6 (2.3-15.5) 142 9 12.9 (4.9-34.1) 5.2 (1.9-14.2)
15-19 mm 34 4 20.8 (6.6-65.9) 15.6 (5.1-47.5) 35 5 29 (9.7-87) 14.5 (4.8-43.5)
20+ mm 16 7 77.5 (31.9-188) 37.5(11-128) 15 6 81.3 (31-213) 86.1 (32.6-227)
Region of birth * *
NE 295 7 1 (REF) 297 7 1 (REF)
SE 591 9 0.6 (0.2-1.7) 590 9 0.6 (0.2-1.7)
West 613 10 0.7 (0.3-1.8) 614 9 0.6 (0.2-1.7)
Other 246 11 1.9 (0.7-4.8) 246 8 1.4 (0.5-3.8)
Farm work ¥ *
No 1,401 34 1 (REF) 1,406 3 1 (REF)
Yes 344 3 0.4 (0.1-1.2) 341 30 0.4 (0.1-1.3)

Definition of abbreviations: BCG = bacille Calmette-Guérin vaccine; BST = Battey skin test; Cl = confidence interval; IGRA = IFN-y release assay; QFT-GIT =
QuantiFERON-TB Gold In-Tube test; TB = tuberculosis; T-Spot = T-SPOT.TB test; TST = tuberculin skin test.
*TST positive defined by risk stratified interpretation (30).

* Age was modeled as a continuous variable and all observations were used in the analysis; all others were categorical.

* Multivariate models did not include variables with P > 0.05.

There were 1,781 subjects who had valid positive or negative
results, excluding subjects with indeterminate or borderline
results by any test. Table 2 shows the number and proportion

of positive tests by test type, and the prevalence of BST reac-
tions among the positives. An analysis of risk factors for positive
tests, such as BCG vaccination and foreign birth, is presented in

TABLE 7. COMPARISON OF THE QUANTITATIVE RESULTS OF DISCORDANT AND CONCORDANT SPECIMENS

Quantitative TST Result

Quantitative QFT-GIT Result

Quantitative T-Spot Result

Test Results N 0-4 mm 5-9 mm 10-14 mm =15 mm* <0.35 0.35-0.99 =1t = 4 Spots 5-7 Spots* =8 Spots®

All tests negative 1,713 1,676 (97.8%) 30 (1.8%) 7 (0.4%) 1,713 (100%) 0 0 1,693 (98.8%) 20 (1.2%) 0

One test positive 69 35 (50.7%) 19 (27.5%) 14 (20.3%) 48 (69.6%) 16 (23.2%) 5 (7.3%) 53 (76.8%) 1(1.5%) 15 (21.7%)
TST only 33 0 18 (54.6%) 14 (42.4%) 33 (100%) 0 0 32 (97%) 1 (3%) 0
QFT-GIT only 21 21 (100%) 0 0 16 (76.2%) 5 (23.8%) 21 (100%) 0 0
T-Spot only 15 14 (93.3%) 1(6.7%) 15 (100%) 0 0 0 0 15 (100%)

Two tests positive 1 1(9.1%) 1(9.1%) 4 (36.4%) 5 (45.5%) 5 (45.5%) 3(27.3%) 3 (27.3%) 1(9.1%) 1(9.1%) 9 (81.8%)
TST and QFT-GIT 2 0 0 1 (50%) 1 (50%) 0 1 (50%) 1 (50%) 1 (50%) 1 (50%) 0
TST and T-Spot 5 0 0 1 (20%) 4 (80%) 5 (100%) 0 0 0 0 5 (100%)
QFT-GIT and T-Spot 4 1(25%) 1(25%) 2 (50%) 0 2 (50%) 2 (50%) 0 0 4 (100%)

All three tests positive 10 0 0 2 (20%) 8 (80%) 0 3 (30%) 7 (70%) 0 0 10 (100%)

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold In-Tube test; T-Spot = T-SPOT.TB test; TST = tuberculin skin test.
*x? (trend) for 15 mm compared with the other groups = 725.7; P < 0.0001.
2 (trend) for 1 compared with the other groups = 578.0; P < 0.0001.
*The 22 borderline T-Spot results were added into this analysis to have results for the five to seven spots category. A borderline T-Spot test result was coded as
negative for the purpose of this analysis.
§ 32 (trend) for eight spots compared with the other groups = 1005.2; P < 0.0001.
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TABLE 8. RISK STRATIFICATION OF TUBERCULOSIS EXPOSURE BY QUANTITATIVE RESULT OF TST, QFT-GIT, AND T-SPOT*

Quantitative TST Result

Quantitative QFT-GIT Result Quantitative T-Spot Result

Risk Stratification® N 0-4 mm

5-9 mm 10-14 mm =15 mm*

<0.35 0.35-0.99  =1° <4 Spots  5-7 Spots =8 Spots/!

High risk (5-mm criteria) 21
Moderate risk (10-mm criteria) 409
Low risk (15-mm criteria) 1,373 1,332 (97%)

18 (85.7%) 1 (4.8%) 1 (4.8%)

1 (4.8%)
362 (88.5%) 10 (2.4%) 21 (5.1%) 16 (3.9%)
21 (1.5%) 10 (0.7%) 10 (0.7%) 1,356 (98.8%) 13 (1%)

18 (85.7%) 2 (9.5%) 1(4.8%) 20 (95.2%) O 1 (4.8%)
392 (95.8%) 7 (1.7%) 10 (2.4%) 391 (95.6%) 3 (0.7%) 15 (3.7%)
4 (0.3%) 1,336 (97.3%) 19 (1.4%) 18 (1.3%)

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold In-Tube test; T-Spot = T-SPOT.TB test; TST = tuberculin skin test.
*Note: The 22 borderline T-Spot results were added into this analysis to have results for the five to seven spots category.
T Risk stratification as per Centers for Disease Control and Prevention risk stratified index (30).

%2 (trend) for 15 mm compared with the other groups = 24.6; P < 0.0001.
§ 42 (trend) for 1 compared with the other groups = 24.4; P < 0.0001.
I'x? (trend) for 8 spots compared with the other groups = 11.5; P = 0.0007.

another recent publication (33). The proportion of subjects with
a 10-mm or greater TST reaction was significantly larger than
with any other test or TST cutoff (P < 0.05), and the proportion
of subjects with a 15-mm or greater TST reaction was signifi-
cantly smaller than that found by RSI or a 10-mm cutoff (P <
0.0001). None of the other differences in proportions was sta-
tistically significant. A total of 19 (33%) of 57 recruits with 10
mm or greater TST reactions did not have identifiable risks for
M. tuberculosis infection. When using RSI as suggested by the
CDC (30), 2.7% were positive, a similar proportion of positive
results as was observed for both the T-Spot (1.9%) and QFT-
GIT 2%).

Using the RSI for TST, 88 (4.9%) had a positive result to at
least one of the three tests. Of these, only 10 (11.4% ) were positive
to all three tests; 20 (22.7%) were positive to at least two of the
tests. Modest agreement between TST and the two IGRAs was
seen in Tables 3-5. In contrast, good agreement was seen with
TST when using different blinded readers (kappa = 0.79; see
online supplement).

Of the 48 subjects with a positive TST, 9 (18.8%) had a dominant
BST reaction, defined as a BST reaction of at least 2-mm greater
than the TST, as shown in Table 2. Table 6 further examines the
associations of potential risk factors for TST-positive, IGRA-
negative discordance. Strong dose-response relationships were ob-
served between discordance and BST reaction size, TB prevalence
in country of birth, and BCG vaccination. No significant associa-
tions were seen between any variables and IGRA-positive/TST-
negative discordance or T-Spot/QFT-GIT discordance (data
not shown).

Among the 1,803 subjects with valid tests and determinate
results, Table 7 shows the agreement between the three tests
by quantitative result of each test. Subjects with borderline
T-Spot results were included in this analysis to assess a contin-
uum of TB responses including five to seven spots. This shows
an association of increased proportion of greater quantitative

test results with increased concordance between the tests.
This dose-response relationship was highly significant for all
three tests. Table 8 shows the quantitative test results for each
test according to risk strata. The association of increasing risk
for infection with M. tuberculosis with increasing proportion of
IGRA response suggests a similar relationship between the
quantitative test results of the IGRAs as is seen with the TST.
The dose-response relationship between risk of infection with
M. tuberculosis and quantitative test result was also highly sig-
nificant for each test. Similarly, Table 9 shows the association of
higher TB risk strata with greater test concordance; this dose—
response relationship was also statistically significant.

DISCUSSION

This study suggests that the three commercially available TB
diagnostics have similar results in United States populations with
low TB prevalence. IGRAs were designed to increase specificity,
but in this study specificity for the IGRAs was no better than TST
specificity among low-risk recruits when interpreted using a TST
cutoff of 15 mm according to published guidelines. The preva-
lence of positive results and dose-response relationships with
TB exposure were also similar for the three tests. Despite these
areas of agreement, the three tests identified different people
for most positive test results. In this trial, TST-positive, IGRA-
negative discordance was strongly associated with BST results,
supporting other evidence that NTM sensitization can cause
false-positive TST results. Conversely, the IGRAs showed little
evidence of cross-reactivity to NTM by the BST. Although this
suggests that NTM and BCG sensitization cause false-positive
TST results and that this contributes to discordance, these fac-
tors do not explain the etiology of most of the discordance
encountered.

Other aspects of test discordance examined in this study in-
clude the dose-response associations seen between the TB

TABLE 9. RISK STRATIFICATION OF TUBERCULOSIS EXPOSURE BY TEST AGREEMENT*

Moderate Risk (10-mm criteria)

Low Risk (15-mm criteria)’

Test Results N High Risk (5-mm criteria)
All tests negative 1,693 16 (1%)
One test positive 68 4 (5.9%)
TST only 32 2 (6.3%)
QFT-GIT only 21 2 (9.5%)
T-Spot only 15 0 (0%)
Two tests positive 10 0 (0%)
TST and QFT-GIT 1 0 (0%)
TST and T-Spot 5 0 (0%)
QFT-GIT and T-Spot 4 0 (0%)
All three tests positive 10 1 (10%)

359 (21.2%)
33 (48.5%)
23 (71.9%)

1,318 (77.9%)
31 (45.6%)
7 (21.9%)

8 (38.1%) 11 (52.4%)
2 (13.3%) 13 (86.7%)
7 (70%) 3 (30%)
1 (100%) 0 (0%)
5 (100%) 0 (0%)
1 (25%) 3 (75%)
7 (70%) 2 (20%)

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold In-Tube test; T-Spot = T-SPOT.TB test; TST = tuberculin skin test.
*Risk stratification as per Centers for Disease Control and Prevention risk stratified index (30).
T2 (trend) for low risk compared with the other groups = 61.6; P < 0.0001.
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exposure risk, quantitative results of the TST and IGRA testing,
and degree of concordance between the three tests. These data
suggest that in low-prevalence populations, most positives resulting
from any of the three commercially available diagnostic tests are
false-positives because (1) 77% of subjects with positive test results
were positive by only one test, (2) lower quantitative results were
associated with smaller risk for TB exposure, (3) lower quantitative
results were associated with single positive tests, and (4) lower risk
for TB exposure was associated with decreasing test agreement.

The problem of low positive predictive value is well known and
understood with the TST (34). Use of risk stratification is currently
recommended to guide the interpretation of the TST as a way to
increase positive predictive value and reduce false positivity (30);
this is not used for the IGRAs. This study suggests that performance
of the IGRAs would also benefit from the use of a risk-stratified
interpretation, because it would increase positive predictive value
and reduce the number of false-positives. These findings support the
CDC’s recommendation that people at minimal risk of infection
(who are at greatest risk of a false-positive result) should not be
targeted for LTBI testing, regardless of whether a TST or IGRA is
used (35).

This study provides reliable estimates of specificity in a low-risk
population. Although both IGRAs are generally reported to have
specificity higher than the TST (2), there was surprisingly little
difference in specificity between TST and either IGRA seen in
this study. The specificity estimates for TST and IGRA found in
this study are similar to those found in previous studies of Navy
recruits (4). Although the specificity of QFT-GIT is sometimes
thought to be higher than that of T-Spot (2, 3), the estimated
specificities of the two tests were not different in this study. The
strong dose—response relationships between TB exposure and pos-
itive TST and IGRA results were also similar to those reported
previously (2, 3). These findings further support the CDC’s rec-
ommendation that IGRAs may be used in place of the TST, but
that testing should be targeted to avoid false-positive results (35).

Although IGRAs and TST may be used in the diagnosis of
LTBI, they do not give equivalent information and often have dis-
cordant results. Several studies have compared results from differ-
ent IGRAs and from TST “head-to-head” (28, 36-42), and
although the agreement between QFT-GIT and T-Spot has gen-
erally been very good, discordant results between the IGRA and
TST have been found in up to 20-30% of subjects (3). The mag-
nitude of discordance is demonstrated in this study by the low
kappa values and the high proportion of discordance seen among
positives, because 68 (77%) of 88 individuals with at least one
positive test were positive to only one of the three tests. The
frequency of test discordance has varied among studies, leading
some authors to conclude that the IGRAs have lower sensitivity
(36), whereas others have concluded that the IGRAs have better
specificity because of less cross-reactivity with BCG vaccine and
to waning sensitivity because of age (28). The differences may
also be caused by differences in the populations studied.

A few studies have provided evidence that NTM contribute to
discordance between the TST and IGRA (4, 39), but none have
used the BST. In this study, the strong dose-response relationship
between increasing BST reaction size and increasing prevalence
of discordance provide additional evidence that false-positive
TSTs contribute to this discordance. BCG vaccination was also
strongly associated with discordance in this study. However, risk-
stratified TST-positive, IGRA-negative discordance was also as-
sociated with TB prevalence in country of birth and being Asian
or from the Pacific Islands, traditionally factors associated with
high risk of developing disease if infected. Thus, some of the
discordance also may be attributable to lower sensitivity of
the IGRAs compared with TST, or a combination of these
two factors.

A limitation of this study is the lack of a gold standard for de-
termining the presence of M. tuberculosis infection, making it
difficult to assess the true significance of discordance between
TST and IGRAs. The significance of reactivity to BST also has
some uncertainty. Although it has previously been shown to assist
in differentiating between LTBI and cross-reactivity caused by
NTM (8, 11), BST reactivity also may be caused by cross-
reactivity after M. tuberculosis infection (16, 43). Furthermore,
there are other mycobacteria that contain region of difference
one antigens, such as M. kansasii, M. szulgai, or M. marinum;
infection with these NTM may cause false-positive reactions to
TST and IGRASs (2, 44). There is potential for misclassification of
several variables, including the recall of BCG vaccination among
recruits, history of prior TB or LTBI diagnosis or treatment, and
contact with a TB case. Although samples were sent masked to
all participating laboratories, the potential still exists for other
residual sources of misclassification bias. Recruits are a low-risk
population and may not represent the causes of test discordance
in other higher-risk populations. Furthermore, because this re-
search was performed in the high-throughput basic training set-
ting, the administrative limitations imposed resulted in larger
proportions of inadequate blood draws and TST reading times,
which were slightly shorter than optimal.

This study highlights the need for better understanding of the
significance of test discordance, particularly the need for longi-
tudinal data on progression to active TB among those with dis-
cordant test results. Applying the methodology used in this study
to other populations (11, 12) may provide a more complete
understanding of the test interpretation and test discordance.
Finally, further research is needed to better characterize the
most appropriate cutoffs to be used for the risk-stratified inter-
pretation of the IGRAs, to maximize sensitivity and specificity
in different risk groups and populations.
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