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Background: Close contacts infected with Mycobacterium tuberculosis are at high risk of tuberculosis (TB) disease
and a priority for preventive treatment. Three tests measure infection: two interferon-gamma release assays
(IGRAs) and the tuberculin skin test (TST). The objective of our study was to assess the association of positive test
results in contacts with infectiousness of the presumed TB source case.

Methods: Contacts in a cohort study at 10 United States sites received both IGRAs (QuantiFERON-TB Gold In-
Tube (QFT-GIT) and T-SPOT.TB (T-SPOT)) and TST. We defined test conversion as negative for all tests at
baseline and positive for at least one on retest. Risk ratios (RR) and 95% confidence intervals (CI) assessed as-
sociation of positive test results with increased infectiousness of the TB case—defined as acid-fast bacilli (AFB) on
sputum microscopy or cavities on chest radiographs— and contact demographics.

Results: Adjusted for contacts’ age, nativity, sex, and race, IGRAs (QFT-GIT RR = 6.1, 95% CI 1.7-22.2; T-SPOT
RR = 9.4, 95% CI 1.1-79.1), but not TST (RR = 1.7, 95% CI 0.8-3.7), were more likely to convert among contacts
exposed to persons with cavitary TB disease.

Conclusions: Because IGRA conversions in contacts are associated with infectiousness of the TB case, their use
may improve efficiency of health department contact investigations by focusing efforts on those likely to benefit

from preventive treatment in the United States.

1. Background

Close contacts of persons with infectious tuberculosis (TB) disease
are at high risk of infection and progression to TB disease [1-3].
Approximately one in seven TB cases in the United States is attributed to
recent transmission [4]. Identification and treatment of recently infected
close contacts reduces risk of progression to TB disease and further
transmission and is one of the key strategies for TB elimination in the
United States, defined as < 1 new case per million population annually
[5].

Diagnosis of Mycobacterium tuberculosis infection is difficult because
the current tests are indirect tests that measure the host’s immune
response to infection and do not detect M. tuberculosis directly. The tu-
berculin skin test (TST) is subject to false-positive results among those
who received the Bacillus Calmette-Guérin (BCG) TB vaccine, given at
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birth and often at school entry to > 80% of the world’s children. It can
also cross-react with nontuberculous mycobacteria, is affected by
subjectivity of the reading, and requires two visits [6-8]. In persons
infected many years previously whose immune reactivity has waned, it
can stimulate an immune response that incorrectly suggests recent
infection, a phenomenon known as boosting. Interferon-gamma release
blood assays (IGRAs) contain M. tuberculosis antigens absent in BCG [9].
Because they are not affected by BCG antigens or most nontuberculous
mycobacteria, require only a single visit, and have standardized inter-
pretation of test results, IGRAs might be preferred over TST for contact
investigations [10-13]. Two IGRAs are available in the United States:
QuantiFERON-TB Gold In-Tube (QFT-GIT; Qiagen, Germantown,
Maryland, U.S.) and T-SPOT.TB (T-SPOT; Oxford Immunotec, Inc.,
Marlborough, Massachusetts, U.S.).

One way to compare IGRAs and TST in close contacts is to assess
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associations between infectiousness of the putative source case and test
conversion from negative to positive following exposure. Two estab-
lished indicators of increased infectiousness are presence of acid-fast
bacilli (AFB) in sputum smears and lung cavities on chest radiographs
[1]. Because TST-associated boosting phenomenon is more common
among non-U.S.-born persons, contact demographics are also relevant
[14].

To date, no studies in the United States have evaluated all three tests
at baseline and retest simultaneously to assess association of recent
infection in close contacts with infectiousness of TB cases. We used a
subset of a large cohort study to assess the association of positive TSTs
and IGRAs in recently infected contacts with infectiousness of the TB
cases and contact demographics.

2. Methods
2.1. Study population and testing

The Centers for Disease Control and Prevention (CDC) funded the
Tuberculosis Epidemiologic Studies Consortium (TBESC) to conduct
epidemiologic investigations into the diagnosis, treatment, and pre-
vention of M. tuberculosis infection [15,16]. TBESC collaborators
included TB programs and academic institutions and 18 affiliated clinics
at 10 sites. Contacts were recruited for a cohort study that compared the
abilities of TST, QFT-GIT, and T-SPOT to predict progression to TB
disease [15]. A detailed description of recruitment has been previously
published [16]. Briefly, from July 2012 through May 2017, participating
clinics enrolled 22,131 persons of all ages at high risk for M. tuberculosis
infection or progression to TB disease, including non-U.S.-born persons,
persons with HIV, and close contacts [15]. Close contacts were defined
as persons evaluated for an ongoing site contact investigation who
spent > 8 h in one week with a person with infectious TB (TB case)
during the estimated infectious period as described in CDC contact
investigation guidelines [1].

At study enrollment, each participant had blood drawn for both
IGRAs, followed by placement of a TST. Blood samples for QFT-GIT and
T-SPOT were processed and reported according to manufacturers’ in-
structions [17,18]. All demographic characteristics, including sex, were
self-reported and collected during participant interview.

Sites obtained local institutional review board (IRB) approval or
deferred to the CDC IRB. All participants provided written informed
consent, assent, and/or parental/guardian permission.

2.2. Enrollment of close contacts

As part of routine TB control activities, TB programs attempt to
identify and test all close contacts of persons with infectious TB. Ideally,
contacts who are negative when first tested are routinely retested
8-10 weeks after last known exposure to the TB case to allow sufficient
time for an immune response [1]. Our study protocol did not require an
8-10-week interval for retest after last exposure to the TB case; each
health department retested contacts according to its own circumstances,
including the responsiveness and availability of the contacts and staffing
capacity. Per study protocol, if the health department retested a
participant, all three tests were administered, except that an initial
positive TST was repeated at the health department’s discretion.
Otherwise, each health department followed its own procedures for
contact investigations, including determination of whom to test and
retest, and which result(s) to consider when deciding whether to retest.
The study would not have both baseline and retest results for partici-
pants if the contacts (a) were identified and recruited by study staff only
at retest; (b) had one or more positive tests at baseline and did not get
retested; (c) were lost to follow-up and could not be retested; or (d) were
initially tested > 8 weeks after their last exposure to the TB case, so
would not need more than one test.
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2.3. Definition of a recently infected close contact

We defined a recently infected close contact as a participant negative
by TST and both IGRAs on the first (baseline) test and positive on at least
one test at retest (conversion); all three retest results had to be positive
or negative (valid result). Variables extracted from the medical record
included exposure time of > 8 h per week and identification of the TB
case, but not place, circumstances, or estimated dates of exposure.

We used the U.S. Food and Drug Administration (FDA)-approved
cutoff of > 8 spots for positive T-SPOT result. For QFT-GIT, a result was
positive if TB antigen minus nil was > 0.35 IU/mL and > 25% of the nil
value. TSTs were read 48-72 h (4 h) after placement and interpreted as
positive if induration was > 5 mm [19]. T-SPOT borderline results, 5-7
spots, were considered invalid and excluded from analysis.

2.4. Identification of TB cases

For each enrolled contact, local health department staff provided the
putative source TB patient’s state case number; this was linked to CDC’s
National Tuberculosis Surveillance System (NTSS) to obtain information
on sputum smear results and cavitary disease.

2.5. Statistical analysis

Quantitative values for TST induration, interferon gamma levels for
QFT-GIT, and spot count for T-SPOT were reported with median and
interquartile range (IQR) values. We developed models that used either
one contact or TB case characteristic at a time (initial models) and
multiple characteristics (final models) to assess test conversion out-
comes for each of the three TB tests. The initial models had included one
TB case characteristic (sputum smear or cavitary disease), or contact
characteristic (age, nativity, sex, or race/ethnicity) by test type (TST,
QFT-GIT, or T-SPOT). The 3 final models included the same TB case
(cavitary disease) and contact variables (age, nativity, sex, and race/
ethnicity) and only differed by the test type (TST, QFT-GIT, or T-SPOT).
For all models, we used a generalized linear mixed effects model with a
Poisson distribution and a log link [20] to account for correlations
among (i) multiple contacts exposed to a single TB case, and (ii) par-
ticipants at the same site. For each of the models, we estimated risk
ratios (RR) and 95% confidence intervals (CI) to identify factors asso-
ciated with test conversion from negative to positive for each of the 3
tests. Because smear status and cavitary disease are indicators of
increased infectiousness of TB case and smear status showed no signif-
icant association with test conversions in initial models, we used cavi-
tary disease in the final models. Some age categories had no conversions,
so we combined age groups 0-5 and 6-14 years. Similarly, for race/
ethnicity, we combined Alaska Native/American Indian, Native Ha-
waiian/Pacific Islander, and ‘Other’ (multiracial) categories. All ana-
lyses used SAS (version 9.4, Cary, North Carolina, U.S.).

3. Results

Of 2,121 close contacts enrolled at 16 clinics, 43 (2%) were excluded
from further analysis [Fig. 1]. Of the 2,078 remaining, 1,472 (71%) had
results from only one set of tests; 606 (29%) had valid baseline and retest
results for at least one test type; and 452 of the 606 (75%) (1) were
negative for all three tests at baseline and (2) had valid results for all
three tests at baseline and retest. Demographic characteristics of par-
ticipants tested once or twice (baseline and retest) were generally
similar [Supplementary material 1].

Of the 452 with negative baseline and valid retest results for all three
tests, 36 (8%) were missing all information about the TB case to which
they were exposed, and 10 (2%) were missing information on contact
characteristics. Therefore, the final dataset for analysis included data on
406 participants [Fig. 1].
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Total contacts
n=2121

Excluded: n=43
. Did not complete enrollmentinterview:13 (30%)

L

Diagnosed with TB during initial screening process: 15 (35%)
Lacked any analyzable test results for all 3 tests™15 (35%)

h 4

[ n=2078 (98%)

( Excluded: n=1472 (71%)
L + Tested once™

v

Tested twice: Baseline and retest results for at
least one test: n=606 (29%)

Excluded: n=154

. Missing at least one valid result at baseline only: 30 (19%)

*  Missing at least one valid results at baseline and retest: 11 (7%)

. Positive for one or two tests at baseline’: 80 (52%)

*  Negative for all 3 tests at baseline and missing at least one
valid result at retest: 33 (21%)

Baseline negative results for all 3 tests and valid
results for all 3 tests at retest n=452 (75%)

. Missing TB case information: 36 (78%)

(Excluded: n=46

. Missing contact characteristicsinformation: 10 (22%)

Baseline and retest results and informationon TB
cases and contact characteristics:
n=406 (90%)

Fig. 1. Flow chart showing the final study population for analysis. *Tested once and results for all three tests (Tuberculin skin test, QuantiFERON-TB Gold In-Tube,
and T-SPOT.TB) were either missing, indeterminate, or invalid. MParticipants who were tested once were contacts who either: (i) had any positive baseline test and
were not retested, (ii) were enrolled into the study only during retesting for the contact investigation, (iii) were enrolled for baseline testing but were lost to follow-up
before retest, or (iv) were initially tested after 8-10 weeks since last exposure to the TB case fContacts with all 3 positive results at baseline will not have had a retest,
so these numbers represent contacts with one or 2 baseline positive results. Valid result refers to a positive or negative result (i.e., no missing, indeterminate, invalid

or borderline results).

3.1. Demographics of 406 close contacts and their putative source cases

The 406 close contacts included 228 females (56%), 209 (51%) non-
U.S.-born participants, and 117 (29%) participants aged < 15 years

Table 1a
Demographics of 406*contacts with negative baseline results for TST, QFT-GIT,
and T-SPOT enrolled in a multi-center study in the United States.

Contact characteristic n (%)
Female 228 (56)
Non-U.S.-born 209 (51)
Race/ethnicity

Asian 108 27)
African American/Black 49 (12)
White 54 13)
Hispanic/Latino 130 (32)
Other** 65 (16)
Age group

<14 years 117 (29)
15-24 years 64 (16)
25-44 years 140 (34)
45-64 years 63 (16)
>65 years 22 (5)

*Contacts (n = 406) who had 3 baseline negative results and valid results
(positive or negative, i.e., no missing, indeterminate, invalid or borderline re-
sults) for all 3 tests at retest, and all information for TB cases and contact de-
mographics.

** ‘Other’ race also includes American Indian/Alaska Native and Native Ha-
waiian/Pacific Islander groups. All listed races are non-Hispanic.
TST = Tuberculin skin test; QFT-GIT = QuantiFERON-TB Gold In-Tube; T-
SPOT = T-SPOT.TB.

Table 1a. They were exposed to 179 TB cases; a median of 2 contacts
were exposed to each case (Range 1-10, IQR: 1-3).

Seventy-one percent of the TB cases had sputum smears positive for
AFB (127/179), 56% had lung cavities (100/179), and 48% (86/179)
had both [Table 1b]. Fifty-four percent (218/406) of contacts were
exposed to TB cases who were both smear positive and had lung cavities.

3.2. Test results

Of the 406 close contacts, 88% (3 58) were negative on all three tests
at retest, and 3% (12) were positive on all three [Table 2]. Ten percent
(41) of TST, 6% (23) of QFT-GIT, and 3% (14) of T-SPOT tests were

Table 1b
Acid-fast bacillus (AFB) sputum smear and chest radiograph results for 179* TB
cases whose contacts were enrolled in a multi-center study in the United States.

TB case characteristics n (%)
AFB sputum smear

Positive 127 71)
Negative 52 (29)
Chest radiograph

Cavitary 100 (56)
Noncavitary 79 (44)
Sputum smear-positive and cavitary chest radiograph 86 (48)
Sputum smear-negative and noncavitary chest radiograph 38 21

*Contacts (n = 406) exposed to these 179 TB cases had 3 baseline negative re-
sults and valid results (positive or negative, i.e., no missing, indeterminate,
invalid or borderline results) for all 3 tests at retest, and all information for TB
cases and contact demographics.
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Table 2
Distribution of retest results by nativity among 406 close contacts enrolled in a
multi-center study in the United States.

Test combination Retest results Non-U.S.-born U.S.-born

n = 406 n = 209 n =197

n (%) n (%) n (%)
Triple positive (+-++) 12 3) 11 (5) 1 1)
Triple negative (— ——) 358 (88) 173 (83) 185 94)
Isolated TST+ (+—-) 24 6) 18 (©)] 6 3
Isolated QFT-GIT+ (—+-) 5 @ 3 @ 2 @
Isolated T-SPOT+ (——+) 1 0.2) 1 (0.5) 0 0)
Isolated TST— (—++) 1 (0.2) 1 (0.5) 0 (]
Isolated QFT-GIT— (+—+) 0 (0) 0 @ 0 (0
Isolated T-SPOT— (++—) 5 (€8] 2 m 3 )

The 406 contacts had negative results for all three tests at baseline, valid results
(positive or negative, i.e., no missing, indeterminate, invalid or borderline re-
sults) for all three tests at retest, and all information on TB cases and contact
characteristics. TST = Tuberculin skin test; QFT-GIT = QuantiFERON-TB Gold
In-Tube; T-SPOT = T-SPOT.TB. The order of test results (TST, QFT-GIT, T-SPOT);
+ = positive, — = negative.

positive at retest. The retest interval ranged from 4 to 54 weeks after the
baseline test (median = 11 weeks). Almost half of participants (45%)
had a retest at 4-10 weeks of baseline test and 90% were retested within
19 weeks of the baseline test. Test conversions occurred at a median of
12 weeks after the baseline test for each of the 3 tests with ranges
varying from 6 to 54 weeks for TST, 9 to 24 weeks for QFT-GIT, and 8 to
20 weeks for T-SPOT. U.S.-born contacts were more likely than non-U.
S.—born contacts to be negative on all three tests (RR = 1.1, 95% CI
1.1-1.2).

3.3. Association of a positive test with TB case and contact characteristics

In the models that accounted for correlations among multiple con-
tacts exposed to a single TB case and participants at the same site, only

Table 3
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QFT-GIT conversions were associated with contacts’ exposure to TB
cases with cavitary disease compared to those without cavities
(RR = 4.2, 95% CI 1.1-16.8; RR for TST = 1.8, 95% CI 0.8-3.8; RR for
TSPOT = 7.2, 95% CI 0.2-212.9). Test conversions were not associated
with exposure to smear-positive cases: QFT-GIT RR = 3.8, 95% CI
0.7-20); T-SPOT RR = 4.0, 95% CI 0.1-212.1); TST RR = 1.8, 95% CI
0.8-4.6. Compared to U.S. birth, birth outside the U.S. was associated
with TST conversions (RR = 2.6, 95% CI 1.2-5.5) but not with QFT-GIT
(RR = 2.2, 95% CI 0.8-6.2) or T-SPOT (RR = 24.1, 95% CI 0.6-896.6)
conversions. Age, sex, and race/ethnicity were not associated with test
conversions [Supplementary material 2].

After adjustment for contacts’ age, nativity, sex, and race/ethnicity,
exposure to TB cases with cavitary disease was associated with con-
version by QFT-GIT (RR = 6.1, 95% CI 1.7-22.2) and T-SPOT (RR = 9.4,
95% CI 1.1-79.1), but not by TST (RR = 1.7, 95% CI 0.8-3.7) [Table 3].
Birth outside the U.S. was associated with test conversion by TST
(RR = 2.6, 95% CI 1.1-6.0) and T-SPOT (RR = 13.5, 95 %CI 1.4-133.0),
but not by QFT-GIT (RR = 2.1, 95% CI 0.7-6.1). Contacts’ age, sex and
race/ethnicity were not associated with test conversion [Table 3].

3.4. Quantitative test values for contacts whose tests converted to positive

The median quantitative retest values for TST conversions were 1 to
3 times higher than the cutoff value (>5 mm) for a positive test. For
QFT-GIT, the median retest values for converters were 3 to 14 times
higher than the cutoff value (>0.35 IU/ml), and for T-SPOT, they were 2
to 6 times higher than the cutoff value (>8 spots) [Table 4].

4. Discussion

Our study of recent infection in 406 close contacts is the first in the
United States to evaluate the association of test conversion with TB case
infectiousness for all three tests. These contacts had negative baseline
results for all 3 tests and valid retest results for all 3 tests, so we could

Final models Adjusted risk ratios showing association of test conversions* among 406 contacts with triple negative baseline results enrolled in a multi-center study in

the United States.

TST QFT-GIT T-SPOT
Positive RR” [95% CI] Positive RR™ [95% CI] Positive RR™ [95% CI]
n (%) n (%) n (%)
TB case characteristics
Chest radiograph (n)
Cavitary (243) 30 (12) 1.7 (0.8-3.7) 20 (8) 6.1 (1.7-22.2) 13 (5) 9.4 (1.1-79.1)
Noncavitary (163) 11 (7) Ref 3(2) Ref 1 (0.6) Ref
Contact characteristic
Nativity (n)
Non-U.S.-born (209) 31 (15) 2.6 (1.1-6.0) 17 (8) 2.1 (0.7-6.1) 13 (6) 13.5 (1.4-133.0)
U.S.-born (197) 10 (5) Ref 6 (3) Ref 1(0.5) Ref
Sex (n)
Female (228) 20 (9) 0.7 (0.4-1.49) 14 (6) 1.2 (0.5-3.1) 8(4) 0.9 (0.3-3.1)
Male (178) 21 (12) Ref 9(5) Ref 6 (3) Ref
Age (years) (n)
<14 (117) 6 (5) Ref 303 Ref 1D Ref
15-24 (64) 9(14) 2.1 (0.7-6.6) 5(8) 2.7 (0.6-12.5) 12 1.3 (0.1-24.0)
25-44 (140) 18 (13) 1.3 (0.4-4.1) 10 (7) 1.2 (0.3-4.8) 9 (6) 2.6 (0.3-26.6)
45-64 (63) 6 (10) 1.4 (0.4-5.3) 4 (6) 1.9 (0.4-9.8) 2(3) 2.3 (0.1-34.2)
>65 (22) 29 1.2 (0.2-7.1) 15 0.9 (0.1-10.3) 1(5) 2.5 (0.1-57.0)
Race/ethnicity (n)
Asian (108) 15 (14) Ref 10 (9) Ref 6 (6) Ref
African American/
Black (49) 7 (14) 0.9 (0.3-3.0) 4(8) 1.0 (0.3-3.6) 3(6) 2.0 (0.4-10.3)
White (54) 4(7) 0.8 (0.3-3.0) 1(2) 0.2 (0.0-2.1) 1(2) 1.3 (0.1-14.8)
Hispanic (130) 13 (10) 0.8 (0.3-2.3) 5(4) 0.4 (0.1-1.3) 32 0.5 (0.1-2.3)
Other' (65) 2(3) 0.2 (0.1-1.1) 3(5 0.6 (0.1-2.3) 12 0.4 (0.0-4.3)

*Contacts with negative results at baseline who converted to positive results at retest and having all information for TB cases and contact demographics are included
here. ““Adjusted for correlations among multiple contacts exposed to a TB case and clinic and contacts’ age, nativity, sex and race/ethnicity, three models were run
separately (TST, QFT-GIT and T-SPOT). | ‘Other’ race also includes American Indian/Alaska Native and Native Hawaiian/Pacific Islander groups. All listed races are
non-Hispanic. AFB = acid-fast bacillus; TST = Tuberculin skin test; QFT-GIT = QuantiFERON-TB Gold In-Tube; T-SPOT = T-SPOT.TB; RR = Risk ratio; CI = Confidence

interval; Ref = Reference group.
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Table 4
Median quantitative test values of converters* among 406 contacts with triple negative baseline results enrolled in a multi-center study in the United States.

TST QFT-GIT T-SPOT

(Median (IQR), mm) (Median (IQR), IU/ml) (Median (IQR), spots)

n Baseline Retest n Baseline Retest n Baseline Retest
TB case characteristics
Chest radiograph
Cavitary 30 0 (0-0) 12 (9-15) 20 0 (0-0.1) 2.3(0.7-3.4) 13 0(0-2) 32 (19-50)
Noncavitary 11 0 (0-0) 10 (6-15) 3 0.1 (0-0.1) 1.1 (0.4-1.2) 1(1-1) 27 (27-27)
Contact characteristics
Nativity
Non-U.S.-born 31 0 (0-0) 12 (8-15) 17 0 (0.01-0.1) 2.4 (0.8-3.7) 13 1(0-2) 32 (20-50)
U.S.-born 10 0 (0-0) 10 (7-12) 0 (-0.01-0.1) 1.2 (0.4-2.3) 0 (0-0) 17 (17-17)
Sex
Female 20 0 (0-0) 14 (8-17) 14 0 (0.01-0.1) 1.8 (0.8-2.8) 8 1(0-2) 26 (20-35)
Male 21 0 (0-0) 11 (10-13) 9 0.1 (0-0.1) 2.3 (0.6-3.7) 6 0 (0-2) 45 (17-50)
Age (years)
<14 6 0 (0-0) 7 (6-11) 3 0 (0.0-0.1) 2.8 (0.4-10) 1 0 (0-0) 50 (50-50)
15-24 9 0 (0-0) 11 (9-14) 0 (0.0-0.1) 1.1 (0.4-1.2) 1 0 (0-0) 17 (17-17)
25-44 18 0 (0-0) 13 (10-19) 10 0.1 (0-0.3) 2.5(0.8-3.7) 9 1(0-3) 32 (20-50)
45-64 6 0 (0-0) 15 (11-17) 0 (0-0.1) 1.2 (0.6-5.7) 2 0 (0-0) 28 (19-37)
>65 2 0 (0-0) 11 (10-12) 1 0 (0-0) 3.1(3.1-3.1) 1 1(1-1) 24 (24-24)
Race/ethnicity
Asian 15 0 (0-0) 11 (8-19) 10 0.1 (0-0.1) 1.2 (0.78-2.5) 6 0(0-2) 38 (19-50)
African American/Black 7 0 (0-0) 13 (6-15) 4 0.1 (0-0.2) 5.0 (0.4-9.8) 3 3(0-4) 32 (9-50)
White 4 0 (0-0) 11 (10-15) 1 0 (0-0) 2.3 (2.3-2.3) 1 0 (0-0) 17 (17-17)
Hispanic 13 0 (0-0) 12 (1-14) 5 0 (0-0) 2.8 (1.7-2.8) 3 1(0-1) 27 (20-50)
Other™ 0 (0-0) 11 (10-12) 3 0.1 (0-0.4) 1.9 (0.4-3.1) 1 1(1-1) 24 (24-24)

*Contacts with negative results at baseline who converted to positive results at retest and having all information for TB cases and contact demographics are included
here. " ‘Other’ race also includes Alaska Native/American Indian, and Native Hawaiian/Pacific Islander groups. All listed races are non-Hispanic. AFB = acid-fast
bacillus; TST = tuberculin skin test; QFT-GIT = QuantiFERON-TB Gold In-Tube; T-SPOT = T-SPOT.TB; IQR = Interquartile range, mm = millimeter, IU/

mL = international units per milliliter.

identify those with likely recent infection. In the final models, conver-
sion from negative IGRA at baseline to positive IGRA at retest was
associated with contacts’ exposure to cavitary disease in the TB case;
conversion by TST was not. Birth outside the United States was associ-
ated with conversion by TST and T-SPOT, although the confidence in-
tervals were wide for T-SPOT due to few conversion events.

While other studies in similar low TB incidence settings have
compared IGRAs with TST in close contacts [11,21-23], our study in-
cludes baseline and retest results for all three tests and relates the results
to the TB case’s infectiousness. Grinsdale et al. [11] assessed the corre-
lation of positive results with intensity, proximity, and duration of TB
case exposure in 1,291 non-U.S.-born contacts who received either TST
or QFT and concluded that QFT correlated better with measures of
exposure. A German study of 812 close contacts that concluded IGRAs
were more accurate gave QFT-GIT and T-SPOT only to TST-positive
contacts and did not have baseline results for comparison [21].
Gonzslez-Moreno et al. [22] assessed concordance of TST, and QFT-GIT
given simultaneously to 413 contacts but did not relate the results to
cases’ infectiousness. A Dutch study gave QFT-GIT and T-SPOT to 433
immigrants with positive TST results and concluded that IGRA results
are related to TB exposure in the countries of origin [23]. Although
smear positivity and cavitary disease are primary indicators of TB pa-
tients’ infectiousness, we found an association of IGRA conversions only
with cavitary disease. Marks et al. [14] found contacts exposed to highly
smear-positive patients were more likely to have positive TSTs. We did
not collect information on the degree of smear positivity. Another factor
could be the known low sensitivity of sputum smears, which also de-
pends on the quality of specimen collected [24]. Further, a study of
household contacts in a high TB incidence setting showed that cough
aerosols are a better predictor of TB transmission compared to sputum
smear microscopy or culture. Even TB cases with AFB grade > 3 + were
aerosol negative and only high aerosol status was associated with TST
conversion [25]. In our study, although more contacts were exposed to
smear positive cases (n = 295/406, 73%) compared to TB cases with
cavitary disease (n = 243/406, 60%) the proportion of conversions for
the 3 tests were similar or slightly lower among contacts of smear

positive cases [Supplementary material 2]. Together, these could
explain the lack of association of smear status with test conversions and
highlight cavitary disease as a better indicator of infectiousness. Jones-
Lopez et al. [26] attributed discordance in TST and IGRA positivity
among contacts to delayed IGRA conversions which could occur as late
as 14-22 weeks after exposure [27]. However, the retest interval of
4-54 weeks after the baseline test for contacts in our study reflects
public health practice that substantiates the validity of fewer IGRA
conversions and is a strength of this study. Follow up of contacts for
retest is a time-consuming activity and most health departments are not
usually staffed to full capacity. Lack of a viable reminder system for
retesting contacts and problems motivating contacts to return for retest
could account for the great variation between baseline and retest in-
tervals identified in this study [2].

Although retest interval is based on last known exposure to an in-
fectious TB case (standard practice), we used the date of baseline test to
calculate the retest interval. Therefore, a contact initially tested a few
weeks after the last known exposure to the TB case, common in contact
investigations, would have a shorter retest interval. Because the United
States is a low TB incidence country and the risk of unknown exposure to
TB is low, we do not attribute the test conversions after the standard
8-10-week interval to re-exposure.

Repeat TSTs among non-U.S.-born persons can stimulate waning
immunity (boosting) related either to a previous M. tuberculosis infection
or to receipt of BCG vaccine. Marks et al [14] reported that twice as
many non-U.S.-born contacts converted by TST compared to U.S.-born
contacts and attributed this to prior infection or boosting. We found a
similar association with TST conversion at retest in non-U.S.-born
compared to U.S.-born persons. We also compared median quantitative
values at retest among converters with triple negative baseline results as
previous studies suggest interferon gamma levels are associated with
increased risk of TB [28]. Previous studies of quantitative IGRA values
for contacts with a positive result lacked baseline values [21,22].

Our study had limitations. We did not collect information about
place of exposure or length or intensity of exposure, all of which affect
transmission risk [11,29]. Consistent with data that show only about 5%
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of close contacts convert on retest, our study saw few conversions, which
resulted in wide IGRA confidence intervals [2,14]. The study used a
subset of a larger cohort study and was not independently powered to
achieve the outcome. Study contacts were not a representative sample,
because (1) they were recruited only from TBESC-affiliated clinics and
(2) they included only persons who consented to be in the study. This
may affect generalizability. We developed separate models for each test
type and did not consider the correlation among the three test results
within the same patient, which may affect the estimate of the standard
errors of the parameters. We used QFT-GIT, which has since been
replaced by QFT-Plus. However, we previously compared QFT-Plus with
QFT-GIT in 500 participants in the larger TBESC study and found 94%
concordance [30].

CDC guidelines have recommended either TST or IGRAs for recent
contacts [31]. The use of IGRAs has been shown to be cost-effective in
certain groups, including contacts [32].

5. Conclusion

Our study adds support for use of IGRAs to identify recently infected
close contacts in low TB incidence setting where the risk of unknown
exposure to TB is low. Tests for TB infection that more reliably identify
recently infected contacts would allow health departments to focus
scarce resources on those most likely to benefit from preventive
treatment.
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