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Abstract

Objectives: Interferon-y release assays, including T-SPOT. 7B (TSPOT) and QuantiFERON
Gold In-Tube (QFT), are important diagnostic tools for tuberculosis infection, but little work has
been done to study the performance of these tests in populations prioritized for tuberculosis testing
in the United States, especially those other than health care personnel.

Methods: Participants were enrolled as part of a large, prospective cohort of people at high risk
of tuberculosis infection or progression to tuberculosis disease. All participants were administered
a tuberculin skin test, TSPOT, and QFT test. A subset of participants had their QFT (n=919) and
TSPOT (7= 885) tests repeated when they returned to get their tuberculin skin test read 2 to 3
days later (repeat study). A total of 531 participants had a TSPOT performed twice on the same
sample taken at the same time (split study).

Results: The QFT repeat test interpretations were discordant (one test positive and the other
negative) for 6.4% of participants (59 of 919), and the TSPOT tests were discordant for 60 of
885 participants in the repeat study (6.8%) and 41 of 531 participants in the split study (7.7%).
There was a high degree of variability in the quantitative test results for both QFT and TSPOT,
and discordance was not associated with both test results being near the established cut-offs.
Furthermore, the proportion of discordance was similar when comparing participants in both the
TSPOT repeat and TSPOT split studies.

Discussion: Both QFT and TSPOT were 6% to 8% discordant. The results should be interpreted
with caution, particularly when seeing a conversion or reversion in serial testing.
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Introduction

Methods

Although the incidence of tuberculosis (TB) in the United States continues to decline,

there were more than 7000 cases in 2020, of which 87.5% were not attributed to recent
transmission [1]. Thus, detection of persons with latent TB infection (LTBI) is critical to
eliminating TB in the United States. Currently, the commercially available options for TB
infection testing in the United States are the tuberculin skin test (TST) and interferon-y
release assays (IGRAS), including QuantiFERON (QFT) and T-SPOT. 78 (TSPQOT). The
latest U.S. guidelines recommend IGRA over TST in persons >5 years of age, and IGRASs
are increasingly used for LTBI screening because they do not require a repeat visit and have
a higher specificity in persons vaccinated with bacille Calmette-Guérin [2].

Multiple studies have reported IGRA conversion (i.e. tests change from negative to positive)
and reversion (i.e. positive to negative) proportions [3-13]. These studies have been mostly
in low-incidence countries and generally focused on administrative testing for health care
personnel. This makes it harder to extrapolate how IGRAs would perform in populations
prioritized for LTBI primary care screening in the United States [14]. Our study investigated
the results of QFT and TSPOT in people living in the United States who are at a high risk
of TB infection or progression to TB disease. We analyzed the results from two samples
drawn 2 to 3 days apart (QFT and TSPOT) and from the same sample split in half (TSPOT
only). These results help characterize the QFT and TSPOT variability and could help inform
clinicians when making decisions about interpreting IGRA results.

Participants for this study were part of a larger prospective study, the Tuberculosis
Epidemiologic Studies Consortium (TBESC). A detailed description of the main study has
been published previously [15]. In short, 18 TBESC-affiliated clinics enrolled participants
from July 2012 to April 2017 who were at increased risk for TB infection or likely to
progress to TB disease if infected. Sites drew blood for QFT Gold In-Tube (Qiagen,
Germantown, MD) and TSPOT (Oxford Immunotec, Marlborough, MA) testing, followed
immediately by placement of a TST using the Mantoux method. QFT was processed using
standard clinical protocols at each site, and TSPOT was processed at the manufacturer’s
central laboratory in Memphis, Tennessee, except for Hawaii, where TSPOT was processed
locally by personnel trained by Oxford Immunotec staff.

This paper describes two TBESC substudies: the repeat study and the split study. In the
repeat study, a second blood sample was drawn to repeat the QFT and TSPOT at the

time that the participant returned for their TST reading (within 44-76 hours of skin test
placement). Thus, the repeat analyses represent a QFT or TSPOT performed twice on two
different blood samples taken 2 to 3 days apart. In the split study, two tubes of blood were
drawn from each participant from the same venipuncture, and a TSPOT was performed on
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each tube. Thus, the split analyses represent a TSPOT performed twice on the same sample
taken at the same time. Only TSPOT was evaluated in this study. For the analyses of the
repeat results, the first test is the test performed on the sample taken when the TST was
placed, and the second test is the test performed on the sample taken when the participant
returned for their TST reading. For the analyses of the split results, one test was arbitrarily
chosen to be the first test.

Participants who were recruited in the larger study were sequentially asked to participate in
the substudies until each site met its target for recruitment for the substudy (Fig. 1). Targets
were assigned based on overall recruitment at the study site. Two sites did not participate

in the repeat study, and four sites did not participate in the split study. For the repeat

study, participants had to be at least 18 years old and return for the TST reading within the
appropriate time. For the split study, participants were excluded if they were <15 years old
or immunocompromised. Four participants living with HI\V were mistakenly enrolled in the
split study and were removed from the analyses. Participants were also excluded if one or
both tests failed, were invalid or indeterminate, were not performed, or were performed more
than 1 week after the first test.

Some participants were enrolled as close contacts of persons with pulmonary TB and had all
three tests repeated on their contact investigation follow-up visit (Fig. S1). Two participants
had the TSPOT split analysis performed on both the first and follow-up visits (i.e. they had
two sets of TSPOT split results 6 or 7 weeks apart), but only the first set of the split test
results was used. Of the 47 participants who were in both the repeat and split TSPOT study,
two were contacts whose first set of results was included in the split analysis, and the repeat
test was performed when they returned for follow-up testing. These two participants were
excluded from the analysis of both studies. For the remaining 45 participants, there were
two split tests on the first day and then a third test 2 to 3 days later. For these participants,
because it was unclear which of the two split tests to use as the first of the repeat TSPOT
tests, if the split tests were discordant (one positive, one negative), the participant was
excluded from all TSPOT repeat analyses; however, if the split tests were concordant,
participants were excluded from the quantitative TSPOT repeat analyses but included in the
dichotomous TSPOT repeat analyses (because both tests had the same dichotomous result).

For TSPOT, we used the maximum of the panel A minus nil and panel B minus nil

spot counts and the U.S. Food and Drug Administration—-approved cut-off for positive (=8
spots positive) and considered results <7 spots to be negative [16]. Supplementary analyses
explored splitting out the borderline zone (5-7 spots), using the international cut-off for
TSPOT (=6 spots positive, <5 spots negative) [17], or analyzing the panels separately. For
QFT, we used the standard manufacturer cut-offs and interpretations, with a TB antigen
minus nil value of 0.35 1U/ml as the cut-off between positive and negative [18]. For both
tests, if the value was above the maximum (50 for TSPOT and 10 for QFT), it was set to
the maximum. Agreement between quantitative measurements was analyzed with a Bland-
Altman plot [19]. All analyses were performed in R, version 4.0.2 [20].
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All participants provided written informed consent, assent, or parental permission. The study
was approved by CDC'’s institutional review board and local institutional review boards that
did not defer to the CDC and was registered at clinicaltrials.gov (Identifier NCT01622140).

QFT and TSPOT were repeated after 2 or 3 days for 919 or 885 participants, respectively
(repeat study), and 531 participants had two TSPOT tests run on the same blood sample
(split study; Fig. 1). Most participants were aged 15 to 44 years, and >85% were not born in
the United States (Table 1). In addition, more than half self-reported bacille Calmette-Guérin
vaccination.

In the repeat study, QFT was discordant for 6.4% of participants (59 of 919), and TSPOT
was discordant for 6.8% of participants (60 of 885; Table 2). The TSPOT split study was
similar, with 7.7% of participants (41 of 531) discordant. Conversion proportions were 27 of
563 (4.8%) for QFT repeat and 31 of 609 (5.1%) for TSPOT repeat. Reversion proportions
were 32 of 356 (9.0%) for QFT repeat and 29 of 276 (10.5%) for TSPOT repeat. Of the 861
participants in both repeat studies, 763 (88.6%) were concordant in both. Of the remaining
98 participants, only 14 (14.3%) were discordant for both QFT and TSPOT.

We saw a high degree of variability in the quantitative test results, both in the concordant
and discordant tests (Fig. 2). Among the discordant test results, even when one of the

test results was near the cut-off, the other was not (Fig. 2 and S2-5). Given these large
differences, modifying the cut-off points did not noticeably reduce the proportion of
discordant test results (Fig. S6). Furthermore, if the first TSPOT test was borderline, a
borderline was the least frequent result for the second test, but positive and negative results
were similar in both the repeat and split studies (Table S1). The percentage of discordance
increased to 7.0% and 8.7% for the TSPOT repeat and split studies, respectively, when using
the international cut-off (Table S2).

We further explored the variability in TSPOT results, starting with analyzing whether
variability would decrease if we were comparing results from one panel, as opposed to
taking the maximum of panel A or panel B minus nil [16]. When comparing the TSPOT
results within panels, we saw similar levels of variability compared with using the maximum
result (Fig. 3 and S7). Thus, TSPOT variability was not driven by using two different panels.
We also analyzed the dichotomous results of the 45 participants in both the TSPOT repeat
and split studies. Six participants (13.3%) were discordant when comparing the split tests,
as opposed to 5 (11.1%) when comparing the repeat test to each split test. Thus, the repeat
result is not more likely to be different from the split result, indicating that the error rate
within a sample is similar to the error rate between samples.

Discussion

IGRAs continue to be one of the primary tools for LTBI screening. Extensive work has been
done on the reproducibility and repeatability of IGRAS in health care personnel [3-10,21],
but, to our knowledge, nothing has been published specifically focusing on results for people
who live in a low TB incidence country but are prioritized for LTBI testing because they are
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at high risk of infection or progression to TB disease. We evaluated the performance of both
QFT and TSPOT in this population. We found that both tests had a discordance of 6% to
8%. Similar numbers were reported in prior studies [3-5,8]. For TSPOT, this error was the
same regardless of whether the test was performed on the same sample taken on the same
day or on two different samples 2 to 3 days apart. Furthermore, our analysis showed that
discordance is not due to test results near the test cut-off. Instead, there was a high degree of
variability in the quantitative test results in both concordant and discordant participants.

Variability in IGRA test results can occur for a variety of reasons. One potential cause is a
change in the participant’s immune response to TB antigens over time due to exposure to
TB or boosting from a prior TST test [22]. However, in our study, the TSPOT split tests
were run on the same sample, so there is no possibility of alterations in immune response,
and the variability was comparable between the TSPOT split and TSPOT repeat studies,
suggesting that timing and sampling is not causing the variability for TSPOT. Furthermore,
prior studies of tests performed within 2 to 3 days of administering a TST showed no
evidence of boosting or changes in immune response [3,5,22,23].

Another potential source of variability is laboratory procedures. We did not attempt to
control for laboratory variability because we wanted our results to reflect real-world
performance. However, other studies have explored sources of variability and concluded
that, except for blood volume and preincubation delay, which were standardized in our
study, no variables identified had a significant effect on qualitative QFT results [23-25].
Combined, this suggests that the proportions of discordance are an inherent part of using
IGRAs, perhaps due to sampling issues when dealing with rare cell populations in the blood,
such as T cells that respond to TB antigens [26,27]. The rarity of these cell populations
means that different samples, although taken at the same time in the same volume, may
contain different numbers of reactive T-cells, possibly resulting in the observed variability.

Our study had several limitations. First, we used a convenience sample from our larger
study, so participants might not be representative of the larger population of interest.
Nevertheless, our variability and discordance rates are consistent with what has been seen

in other studies [3-12,21]. Second, we evaluated the QFT Gold-In-Tube assay, which has
been replaced by QFT-Plus (which only became available after study enrolment completed).
However, several papers have shown agreement between these two tests [28,29]. Finally,
due to low cell sizes, we could not assess participant characteristics associated with whether
a participant was likely to have a discordant result. However, only 14.3% of participants

in both repeat studies with a discordant result were discordant for both TSPOT and QFT,
suggesting that patient characteristics may not explain discordance.

Despite these limitations, our findings add to the literature suggesting that IGRAs have
consistent levels of variability regardless of the TB risk in the population tested [30].

This variability can result in false-positive and false-negative results [31]. Furthermore, our
TSPQOT error rate is similar, regardless of whether the TSPOT was performed on the same
sample taken on the same day or different samples taken 2 to 3 days apart, suggesting the
within- and between-sample error is similar. Participants were followed for 2 years after
enrolment, and only one participant in the repeat study (both QFT and TSPOT) and a
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different participant in the TSPOT split study progressed to TB disease. Both participants
had concordant results, but larger sample sizes are needed to make conclusions about the
relationship between discordance and progression to disease. Thus, these results suggest that
clinicians should be aware of the possibility of both false positives and false negatives in
IGRA results, even in populations at high risk of infection or progression to TB disease.

The U.S. Food and Drug Administration recommended a borderline region for TSPOT
tests in the United States [16], and some have called for a QFT borderline region as well
[6,12,24], but our findings of large variability in the quantitative results suggest that a
borderline zone or increased test cut-off would not reduce the number of conversions and
reversions. Discordant test results generally had large differences and were not near the
cut-off. Thus, clinicians should not just use the quantitative results as a metric for whether
a person is likely to convert or revert on follow-up. Instead, clinicians should interpret both
QFT and TSPOT results with caution and consider this variability, particularly when seeing
a conversion or reversion in serial testing in the absence of known exposure or TB risk
factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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933 participants had 937 participants had 554 participants had a split
repeat QFT test repeat TSPOT test TSPOT test**
At least one of the two QFT results: Ineligible, mistakenly enrolled (4)
— « Failed (10)
* Was indeterminate (4) At least one of the two TSPOT results: k—
* Wasinvalid (17)
At least one of the two TSPOT results: *  Was not performed (2)

Was invalid (10}

Was not performed (33)
Was part of the split study and had [
discordant results (6)*

Was more than 1 week after first
test (3)

919 repeated QFT tests

885 repeated TSPOT tests 531 split TSPOT tests

*39 additional participants were part of the split study for the first test but had concordant results. These participants were
removed from analyses using the maximum number of spots.
**556 split TSPOT tests were performed. Two participants had two sets of split TSPOT results and only the first set of split

results was used.

Fig. 1.

Exclusion criteria for study. Exclusion criteria are listed in the order they were applied,
and the number in parentheses indicates the number of participants excluded when applying
those criteria. QFT, QuantiFERON Gold In-Tube; TSPOT, T-SPOT. 75.
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Fig. 2.

Cgmparison of first and second test results. Histograms indicate the distribution of test
results for the first test (top; horizontal axis) and second test (right; vertical axis). Within
the plot, points are coloured by whether the interpretation was concordant (grey) or
discordant (white). The darker the point, the more participants with those test values. (A)
Comparison of the tuberculosis (TB) antigen minus nil values used for interpretation for the
QuantiFERON Gold In-Tube (QFT) repeat analysis. The black lines indicate 0.35 IU/mL.
Values =0.35 IU/mL are interpreted as positive. All TB antigen minus nil values >10 1U/mL
were set to 10 IU/mL. (B, C) Comparison of the maximum number of spots from panel

A minus nil and panel B minus nil used for interpretation of T-SPOT. 78 (TSPOT) (B)
repeat or (C) split analysis. Note that 39 participants were removed from the TSPOT repeat
analyses because their first test was part of the TSPOT split study and it was unclear which
quantitative value to use. The black lines indicate eight spots. Values =8 are interpreted as
positive, using the U.S. Food and Drug Administration—approved cut-off for positive [16].
All spot counts with a value of >50 were set to 50. Repeat means the test was performed
twice on two different blood samples taken 2 to 3 days apart. Sp/it means the test was
performed twice on the same sample taken at the same time.
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Fig. 3.

Cgmparison of TSPOT panel A minus nil and panel B minus nil results. Histograms indicate
the distribution of test results for the first test (top; horizontal axis) and second test (right;
vertical axis). Within the plot, points are coloured by whether the interpretation would have
been concordant (grey) or discordant (white) if only that panel result was used. The darker
the point, the more participants with those test values. The black lines indicate eight spots,
the U.S. Food and Drug Administration—approved cut-off for positive [16]. Note that all
spot counts with a value of >50 were set to 50. (A) Panel A minus nil results from the
T-SPOT. 7B (TSPOT) repeat study. (B) Panel B minus nil results from the TSPOT repeat
study. (C) Panel A minus nil results from the TSPOT split study. (D) Panel B minus nil
results from the TSPOT split study. Repeat means the test was performed twice on two
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different blood samples taken 2 to 3 days apart. Sp/it means the test was performed twice on
the same sample taken at the same time.
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