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ABSTRACT The QuantiFERON-TB Gold Plus (QFT-Plus; Qiagen, Germantown, MD) in-
terferon gamma release assay (IGRA) received FDA clearance in 2017 and will re-
place the prior version of the assay, the QFT-Gold In-Tube (QFT-GIT). Here, we com-
pared performances of the QFT-Plus assay and the QFT-GIT version in a diverse
patient population, including patients undergoing evaluation for or follow-up of la-
tent tuberculosis infection (LTBI; n � 39) or active TB infection (n � 3), and in health
care workers (HCWs; n � 119) at Mayo Clinic (Rochester, MN). Compared to the QFT-
GIT, the QFT-Plus assay showed 91.2% (31/34) positive, 98.4% (124/126) negative,
and 96.6% (156/161) overall qualitative agreement among the 161 enrolled subjects,
with a Cohen’s kappa value of 0.91 (excellent interrater agreement). Among the 28
patients diagnosed with LTBI at the time of enrollment, the QFT-GIT and QFT-Plus
assays agreed in 24 (85.7%) patients; in all four discordant patients, the positivity of
the QFT-GIT or QFT-Plus IGRA was associated with low-level interferon gamma
(IFN-�) reactivity, ranging from 0.36 IU/ml to 0.66 IU/ml. Additionally, we document
a high degree of correlation between IFN-� levels in the QFT-GIT TB antigen tube
and each of the two QFT-Plus TB antigen tubes, as well as between the QFT-Plus
TB1 and TB2 tubes (Pearson’s correlation coefficients [R] � 0.95). Overall, we show
comparable results between the QFT-GIT and QFT-Plus assays in our study popula-
tion composed of subjects presenting with a diverse spectrum of TB infections. Our
findings suggest that the necessary transition to the QFT-Plus assay will be associ-
ated with a minimal difference in assay performance characteristics.
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Infection with Mycobacterium tuberculosis can take the form of either active disease or
latency, an asymptomatic disease state. While multiple diagnostic approaches are

available to identify active tuberculosis (TB), including molecular assays able to be
performed directly from patient specimens, the detection of latent TB infection (LTBI)
remains challenging, with limited diagnostic assays available. Accurate identification of
patients with LTBI is important from a disease prevention perspective, as approximately
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5% to 10% of untreated otherwise-healthy adults will progress to active TB in their
lifetime (1). This percentage increases substantially among immunocompromised pa-
tients with LTBI, including those who are receiving immunosuppressive therapy or are
immunosuppressed as a result of certain underlying comorbidities or diseases, includ-
ing uncontrolled human immunodeficiency virus (HIV) infection (1, 2). The detection of
LTBI in these patients and appropriate treatment significantly diminish the risk of
developing active TB, and, therefore, accurate diagnostic tests for LTBI are needed.

Currently, diagnostic testing for LTBI is performed either in vivo using the tuberculin
skin test (TST), which involves intradermal injection of purified protein derivative from
an M. tuberculosis strain, or ex vivo using an interferon gamma release assay (IGRA). Both
methods rely on the cellular immune response to M. tuberculosis antigens in patients
previously exposed to the organism. The TST, which has been in clinical use for over a
century, has certain limitations, including a required repeat visit 48 to 72 h after
placement for result interpretation, reader variability, the possibility of false-positive
results in patients vaccinated with the bacillus Calmette-Guérin (BCG) Mycobacterium
bovis strain, and false-negative results as a result of either immunosuppression or
anergy in cases of active disease (3). In an effort to improve upon the TST, IGRAs were
developed to measure released interferon gamma (IFN-�) from T cells stimulated in
vitro using antigens largely specific to the M. tuberculosis complex. There are currently
three FDA-cleared IGRAs, including the T-SPOT.TB test (Oxford Diagnostic Laboratories,
Memphis, TN), the QuantiFERON-TB Gold In-Tube (QFT-GIT; Qiagen, Germantown, MD)
test, and most recently, the QuantiFERON-TB Gold Plus (QFT-Plus; Qiagen) assay, which
received Food and Drug Administration (FDA) clearance in June 2017.

The QFT-GIT assay is designed to stimulate IFN-� release from CD4� T cells in a
single TB antigen tube using long peptides from three M. tuberculosis antigens,
including the early secreted antigenic target 6 (ESAT-6) and culture filtrate protein 10
(CFP-10), both encoded within the M. tuberculosis region of difference 1 (RD1) locus,
and the TB7.7 antigen. In contrast, the new QFT-Plus IGRA contains peptides from only
the ESAT-6 and CFP-10 antigens and has two TB antigen tubes (TB1 and TB2). While the
QFT-Plus TB1 tube is identical to the QFT-GIT, with the exception of TB7.7, and
stimulates CD4� T cells, the QFT-Plus TB2 tube has a cocktail of both long and short
ESAT-6 and CFP-10 peptides to elicit IFN-� release from both CD4� and CD8� T cells.
CD8� cytotoxic T cells have emerged as an important component of host immunity to
and control of M. tuberculosis, with studies showing significantly higher CD8� T-cell
responses in patients with smear-positive or active pulmonary TB than in smear-
negative or LTBI patients (4, 5). A strong CD8� T-cell response has also been identified
among recently exposed contacts of patients with active tuberculosis infection (6).
Finally, patients coinfected with M. tuberculosis and HIV have been shown to maintain
CD8� T-cell antigen responses to M. tuberculosis in the setting of low CD4� T-cell
counts (7). Based on these findings, the inclusion of peptides for the stimulation of
CD8� T cells has been proposed to improve upon the sensitivity of the QFT-GIT assay
for detecting TB infection (both latent and active), including infection as a result of
recent exposure and, possibly, in patients with depleted CD4� T-cell counts. Initial
studies evaluating the QFT-Plus IGRA have shown equivalent sensitivity and high
overall agreement with the QFT-GIT assay in patients with suspected active TB, among
recent contacts of patients with active TB, and in health care workers (HCWs) in
low-TB-incidence settings (8–13). However, there are limited comparative data evalu-
ating these assays across the spectrum of TB infection, ranging from low-risk HCWs to
previously treated HCWs, and among immigrants from regions endemic for TB under-
going evaluation for LTBI or active M. tuberculosis infection in the United States.

In this prospective study, the performance of the QFT-Plus IGRA was evaluated
among adult patients presenting to the Olmsted County Public Health Services (OCPHS)
TB clinic (Rochester, MN) for evaluation of or follow-up care for LTBI or active TB
infection. Additionally, the QFT-Plus assay was simultaneously compared with the
QFT-GIT assay in both TST-reactive and -negative HCWs.
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MATERIALS AND METHODS
Study design. This study was divided into two arms. First, adult patients, including those with

refugee or immigrant status from countries endemic for TB, who presented to the OCPHS TB clinic for
initial evaluation of or follow-up care for suspected LTBI or active TB, prospectively consented and were
enrolled from January to April 2017. Patient charts were reviewed, and risk factors for active TB infection
or LTBI were recorded, including demographic information, country of birth, travel to countries endemic
for TB, prior BCG vaccination status, prior TST or IGRA results, known exposure to individuals with active
TB infection, employment or time spent in high-risk facilities, prior treatment for active TB infection or
LTBI, imaging studies, symptoms, HIV status, underlying chronic disease, and immunosuppressive
therapy. Diagnosis of active TB infection or LTBI was based on criteria established by the recently
updated TB diagnostic guidelines (14). Briefly, a microbiologic diagnosis of active TB was defined as
either isolation of M. tuberculosis in culture or positivity by an M. tuberculosis molecular assay on any
specimen source. In the absence of microbiologic detection of M. tuberculosis, a clinical diagnosis of
active TB infection was established in patients suspected of having TB who responded favorably to
combination anti-TB drug therapy either clinically and/or radiologically, and following the exclusion of
an alternative diagnosis. LTBI was diagnosed in asymptomatic patients with both risk factors for TB
infection (travel to or origin from a country endemic for TB, known TB exposure, etc), and a positive TST
(induration, �10 mm) and/or QFT-GIT result, in whom active TB infection was excluded by history,
physical examination, and radiographic studies. All other patients were categorized as having no
evidence of active TB infection or LTBI.

The second arm of the study was performed by consenting and enrolling TST-negative and
TST-reactive (TST induration, �10 mm) HCWs at Mayo Clinic (Rochester, MN), between June 2016 and
January 2017. Mayo Clinic, a large tertiary-care medical center, is classified as medium risk for exposure
to TB according to current Centers for Disease Control and Prevention (CDC) criteria, although a recent
study suggests that the facility has a low incidence of TB (15, 16). Annual TB screening at Mayo Clinic is
performed by TST placement for previously TST-negative individuals or by a standard TB symptom
questionnaire for previously TST-reactive HCWs. Medical records were only available for review of
TST-reactive HCWs, and identical information was extracted for these individuals (if available), as
described for the OCPHS patients. Both arms of this study were approved by the Mayo Clinic institutional
review board.

Specimen collection and QFT-GIT/QFT-Plus testing. Forty-two adult patients presenting to the
OCPHS TB Clinic and meeting enrollment criteria were consented. A whole-blood (WB; 7 ml/patient)
sample was collected into a single lithium heparin tube and transported to the laboratory at ambient
temperature, and 0.8 to 1 ml of WB was aliquoted into the three QFT-GIT and four QFT-Plus tubes (tube
order, QFT-GIT nil, QFT-Plus nil, QFT-GIT TB, QFT-Plus TB1, QFT-Plus TB2, QFT-GIT mitogen, and QFT-Plus
mitogen) using new filtered tips between tubes, within 8 h of collection. WB from 119 HCWs were
collected directly into the three QFT-GIT and four QFT-Plus tubes and transported to the laboratory
within 8 h of collection.

The QFT-GIT and QFT-Plus assays were performed as per the manufacturer’s instructions. Briefly,
following aliquoting or receipt in the laboratory, all QFT tubes were inverted 10 times each to coat the
sides of the tubes and placed into a 37°C incubator for 16 to 24 h. The tubes were subsequently
centrifuged to separate the plasma and tested by the IFN-� enzyme-linked immunosorbent assay (ELISA)
immediately or stored at 4°C for up to 48 h prior to testing. The QFT-GIT and QFT-Plus IFN-� ELISAs were
both performed on the Agility (Dynex Technologies, Chantilly, VA) automated ELISA processor, which
also performed all calculations on board to determine the nil, mitogen minus nil, and TB antigen minus
nil IFN-� values for the QFT-GIT assay. Data reduction and interpretation for the QFT-Plus assay were
performed using the Qiagen Analysis Software (version 2.71). An eight-point standard curve was used for
the QFT-GIT assay, and a four-point standard curve was used for the QFT-Plus IFN-� ELISA. Results for the
QFT-GIT were considered positive if the nil value was �8.0 IU/ml, and the TB antigen minus nil IFN-�
value was �0.35 IU/ml and at least 25% of the nil value, irrespective of the mitogen minus nil value. As
per the manufacturer, the same criteria apply to the QFT-Plus assay; however, results are considered
positive if either one or both of the TB antigen tubes are positive using the criteria described above.

Statistics. The GraphPad software was used to calculate positive, negative, and overall percent
agreement and 95% confidence intervals (CIs) (GraphPad, La Jolla, CA, USA; http://graphpad.com/
quickcalcs). This software was also used to calculate Cohen’s kappa values; values of �0.40, 0.40 to 0.75,
and �0.75 were interpreted to indicate poor, fair, and excellent agreement, respectively (17). Microsoft
Excel 2010 was used to create correlation plots and to determine Pearson’s coefficients (R).

RESULTS
Subject characteristics. A total of 167 individuals were enrolled, 6 of whom were

excluded from the study due to improper specimen collection and/or transport. Among
the remaining 161 individuals, 42 were patients presenting to the OCPHS TB Clinic, and
119 patients were Mayo Clinic HCWs (Table 1). The median age for patients enrolled at
OCPHS was 36 years, and nearly half of the patients (48%) were female. The majority of
patients were foreign born, with 23 patients (54.8%) originating from African or Middle
Eastern countries, and 13 patients (31%) had a documented history of BCG vaccination.
At the time of sample collection, three patients (7.1%) were on treatment for active
pulmonary, extrapulmonary, or disseminated TB infection, 28 patients (66.7%) had LTBI
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with either incomplete or no prior LTBI treatment, and one patient (2.4%) had com-
pleted LTBI therapy in 2013. Following clinical and laboratory evaluation, 10 patients
(23.8%) lacked evidence of either LTBI or active TB infection.

The median age for the 119 enrolled HCWs was 41 years, and 58% of the HCWs were
female (Table 1). Nineteen (16%) HCWs had a prior reactive TST result, and five (26.3%)
of these individuals had received the BCG vaccine (based on patient history). Nineteen
enrolled HCWs had reactive TST results; however, upon follow-up evaluation and
further testing (including QFT-GIT) as part of routine clinical care, nine (47.4%) HCWs
did not meet LTBI criteria and were felt to have falsely reactive TST results, as
documented by their occupational medicine provider. Among the remaining 10 HCWs,
seven (36.8%) HCWs had received prior LTBI therapy, and three (15.8%) HCWs lacked
documented evidence of an LTBI treatment regimen.

Comparison of the QFT-Plus and QFT-GIT IGRAs. The QFT-Plus assay showed
agreement with the QFT-GIT in 31/34 (91.2%) positive tests and 124/126 (98.4%)
negative tests, and had an overall agreement of 156/161 (96.6%) among all subjects,
with a Cohen’s kappa value of 0.91 (excellent interrater agreement) (Table 2). The five
discordant subjects included one HCW and four OCPHS patients (Table 3). The IFN-�
levels for these discordant patients ranged from 0.19 IU/ml to 0.66 IU/ml between the
QFT-GIT and QFT-Plus TB antigen tubes.

Among the 100 HCWs with prior negative TST results, all enrollees were negative by
both the QFT-GIT and QFT-Plus IGRAs, except for three subjects, two of whom were
positive by both the QFT-GIT (TB tube values, 0.81 IU/ml and 0.83 IU/ml) and QFT-Plus
(TB1 tube values, 0.44 IU/ml and 0.86 IU/ml; TB2 tube values, 0.27 IU/ml and 1.04 IU/ml,

TABLE 1 Characteristics of enrolled patients presenting to the OCPHS TB Clinic and Mayo
Clinic health care workers

Characteristic by patient groupa Data

Enrolled subjects with correctly processed WB samples
Total no. 161
Age (median [range]) (yr) 41 (18–79)
No. (%) of females 89 (55)

Patients presenting to OCPHS TB Clinic
No. enrolled 42
Age (median [range]) (yr) 36 (18–79)
No. (%) of females 20 (48)
Region of birth (no. [%])

Asia 10 (23.8)
Africa and Middle East 23 (54.8)
South America 3 (7.1)
North America 6 (14.3)

No. (%) BCG vaccinated 13 (31)
TB status

Active TB Dx 3 (7.1)
LTBI, partial, or no Tx 28 (66.7)
LTBI, Tx completed 1 (2.4)
No LTBI 10 (23.8)

Health care workers
No. enrolled 119
Age (median [range]) (yr) 41 (25–62)
No. (%) of females 69 (58)

No. of HCWs with reactive TST �10 mm (% of total HCWs) 19 (16)
BCG vaccinatedb 5 (26.3)
Documented Tx Hx for LTBIb 7 (36.8)
Unknown Tx Hx for LTBIb 3 (15.8)
No LTBIb,c 9 (47.4)

aWB, whole blood; TB, tuberculosis; BCG, bacille Calmette-Guerin; Dx, diagnosis; Tx, treatment; Hx, history;
LTBI, latent tuberculosis infection.

bPercentage calculated using the number of patients with reactive TST results as the denominator (n � 19).
cA reactive TST result was considered false positive.
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respectively) assays, and one of whom was positive by the QFT-Plus IGRA only (TB1 tube
value, 0.52 IU/ml; TB2 tube value, 0.19 IU/ml; HCW-1 in Table 3). Follow-up clinical and
testing information on these individuals were not available to the study personnel.

Nineteen enrolled HCWs had a prior reactive TST result, among whom five HCWs
were positive by both the QFT-GIT and QFT-Plus assays, with all three TB antigen tubes
having IFN-� concentrations of �0.35 IU/ml. Three of these five QFT-GIT/QFT-Plus
positive HCWs had documentation of a completed LTBI treatment regimen in the past
(1980 to 2012). Both IGRA versions were negative in the remaining 14 TST-reactive
HCWs, which included four individuals who had completed LTBI therapy previously
(1993 to 2012), one enrollee with LTBI but with an undocumented treatment history,
and in all nine HCWs for whom the reactive TST was deemed a false-positive result by
their treating physician (data not shown).

TABLE 2 Qualitative comparison of QFT-Plus and QFT-GIT assays in HCWs and patients
presenting to the OCPHS TB Clinica

QFT-Plus
result

QFT-GIT result % agreement (95% CI)
Kappa
valuePositive Negative Indet. Positive Negative Overall

Positive 31 2 0 91.2 98.4 96.9 0.91
Negative 3 124 0 (76.3–97.7) (94–99.9) (92.7–98.9) (0.83–0.98)
Indet. 0 0 1
aTotal n � 161. Indet., indeterminate; CI, confidence interval.

TABLE 3 Summary of clinical information for patients and HCWs with discordant QFT-GIT and QFT-Plus assay resultsa

Subject
no.b

Age
(yr)/sexc

BCG
vaccine

TST
induration
(yr)

Diagnosis
of LTBI

QFT-GIT
result

QFT-GIT TB
Ag � nil
(IU/ml)

QFT-Plus
result

QFT-Plus TB1
Ag � nil
(IU/ml)

QFT-Plus TB2
Ag � nil
(IU/ml)

Additional patient and
diagnostic informationd

HCW-1 49/F Unknown Negative Unknown Negative 0.24 Positive 0.52 0.19 NA
OCPHS-1 46/F No NA Yes Positive 0.36 Negative 0.24 0.21 Positive QFT-GIT result (TB

tube value, 0.56 IU/ml)
performed 1 yr prior to
enrollment, employed
in nursing facility,
normal chest X ray, not
treated

OCPHS-2 34/F Yes 15 mm
(2012)

Yes Positive 0.45 Negative 0.32 0.32 Positive QFT-GIT result (TB
tube value, 1.16 IU/ml)
performed 6 mo prior
to enrollment during
pregnancy, immigrant
from South Korea, not
treated

OCPHS-3 61/M No NA Yes Positive 0.66 Negative 0.23 0.20 Positive QFT-GIT result (TB
tube value, 3.65 IU/ml)
performed 10 mo prior
to enrollment, 8 yr in
refugee camp in
Ethiopia, completed 5/6
mo of INH at time of
enrollment

OCPHS-4 79/F Yes Negative Yes Negative 0.25 Positive 0.27 0.50 Positive QFT-GIT result (TB
tube value, 7.55 IU/ml)
2 yr prior, Cambodian
immigrant, calcified
granuloma in left lung,
INH and rifampin not
tolerated

aHCW, health care worker; NA, not applicable; Ag, antigen.
bOCPHS, Olmsted County Public Health Services.
cF, female; M, male.
dINH, isoniazid.
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Clinical diagnoses and treatment statuses were available for the 42 prospectively
enrolled OCPHS patients (Table 4). Following chart review, 10 of these individuals
lacked evidence of LTBI or active TB infection; all 10 individuals were negative by both
QFT IGRAs. The QFT-GIT and QFT-Plus results were both qualitative positive (IFN-�
values �10 IU/ml in all three TB antigen tubes) for the single patient who had
completed LTBI therapy in 2013. Among the 28 patients diagnosed with LTBI at the
time of enrollment, the QFT-GIT and QFT-Plus assays agreed in 24 (85.7%) patients; 22
patients were positive and two patients were negative by both assays (Table 4). For the
two LTBI patients negative by both IGRAs, LTBI diagnoses were based on a reactive TST
result (20 mm) for one patient who recently immigrated from Ethiopia (BCG vaccination
status unknown), and due to a prior positive QFT-GIT result (TB antigen value, 0.64
IU/ml) in a pregnant woman immigrating from Somalia. The QFT-GIT and QFT-Plus
results were discordant in four of the 28 LTBI patients (OCPHS 1 to 4, Table 3). In all four
cases, positivity for the QFT-GIT or QFT-Plus IGRA was due to low-level IFN-� reactivity,
ranging from 0.36 IU/ml to 0.66 IU/ml.

Finally, three patients presented with active tuberculosis at the time of enrollment,
and in all three cases, the QFT-GIT and QFT-Plus results were concordant (Table 5).
Notably, among these three patients, the QFT-GIT and QFT-Plus IGRAs were both
indeterminate due to a low mitogen value in a patient with newly diagnosed HIV (41
cells/mm3 CD4� T cells) and a positive M. tuberculosis sputum culture. Another patient
with culture-negative M. tuberculosis lymphadenitis was negative by both the QFT-GIT
and QFT-Plus assays. M. tuberculosis lymphadenitis in this patient was diagnosed based
on prior M. tuberculosis exposure, positive acid-fast bacillus (AFB) staining from a lymph
node biopsy specimen, and response to treatment.

Assessment of QFT-GIT and QFT-Plus IFN-� levels. Among the 161 paired sam-
ples, the difference in absolute quantitative IFN-� levels between the QFT-GIT TB
antigen tube and the QFT-Plus TB1 and TB2 antigen tubes ranged from 0 IU/ml to 7.8
IU/ml (median difference, 0.03 IU/ml) and 0 IU/ml to 7.39 IU/ml (median difference, 0.03
IU/ml), respectively. The difference in absolute quantitative IFN-� levels between the
QFT-Plus TB1 and TB2 antigen tubes ranged from 0 IU/ml to 4.15 IU/ml (median
difference, 0.02 IU/ml). For enrollees with LTBI, the median IFN-� values in the QFT-GIT
TB and QFT-Plus TB1 and TB2 tubes were 3.04 IU/ml (interquartile range [IQR], 0.26 to
3.32), 2.22 IU/ml (IQR, 0.31 to 6.20), and 2.44 IU/ml (IQR, 0.21 to 6.31), respectively.
Overall, a high degree of correlation was observed between IFN-� levels in the QFT-GIT
TB antigen tube and each of the QFT-Plus TB antigen tubes, as well as between the
QFT-Plus TB1 and TB2 tubes (Pearson’s correlation coefficients [R] � 0.95) (Fig. 1). The
correlation between IFN-� values was also calculated using only samples with a positive
result by either one or both of the QFT IGRAs (n � 36). While slightly lower, the
correlation between the QFT-GIT and QFT-Plus IFN-� levels remained high, with Pear-
son’s coefficients of 0.91 for QFT-GIT versus QFT-Plus TB1, 0.93 for QFT-GIT versus
QFT-Plus TB2, and 0.97 for QFT-Plus TB1 versus TB2 tubes (data not shown). Finally, the
results for the QFT-Plus TB1 and TB2 antigen tubes matched qualitatively for all but
three patients, with IFN-� levels ranging from 0.19 IU/ml to 0.52 IU/ml between the
discordant TB1 and TB2 tubes on those three cases.

TABLE 4 Performance of QFT-Plus and QFT-GIT in clinically characterized patientsa

Result by assay
Active TB
(n � 3)

LTBI
(n � 28)

No. completed LTBI
treatment (n � 1)

No LTBI
(n � 10)

QFT-GIT
Positive 1 25 1 0
Negative 1 3 0 10
Indeterminate 1 0 0 0

QFT-Plus
Positive 1 23 1 0
Negative 1 5 0 10
Indeterminate 1 0 0 0

aTotal n � 42.
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FIG 1 Correlation of QFT-GIT and QFT-Plus quantitative IFN-� values. Graphs show correlations between
quantitative results for the QFT-GIT TB antigen tube and QFT-Plus TB1 tube (A), the QFT-GIT TB antigen
tube and QFT-Plus TB2 tube (B), and the QFT-Plus TB1 tube and QFT-Plus TB2 tube (C). R, Pearson’s
correlation coefficient.
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DISCUSSION

This study compared the performance of the new FDA-cleared QFT-Plus IGRA to that
of the QFT-GIT version of this assay using specimens collected from prospectively
enrolled patients presenting to a county TB clinic and in both TST-reactive and
TST-negative HCWs at Mayo Clinic, in Rochester, MN. We show high overall agreement
(�95%) between the two QuantiFERON-TB IGRA versions in populations at either low
or high risk for M. tuberculosis infection, including not only low-risk HCWs but also
immigrants from areas endemic for TB and three patients with active TB disease.
Studies evaluating the new QFT-Plus assay are continuing to emerge and have primarily
been performed in patients outside North America with active TB infection or as part
of TB contact investigations (9, 11, 12, 18, 19). Fewer reports have focused on the
performance of this new IGRA in patients with LTBI (13, 20, 21). To date, a single
manuscript evaluating this assay has been published from the United States, which
compared the performance of the QFT-Plus to that of the QFT-GIT for TB screening of
HCWs practicing in a low-TB-incidence setting (8). Our study adds to the growing body
of evidence suggesting that the QFT-Plus IGRA performs equivalently to the QFT-GIT
predicate for the assessment of patients at risk for LTBI and in HCWs.

Among the 161 subjects enrolled in our study, the QFT-GIT and QFT-Plus assays
were qualitatively discordant in five (3.1%) individuals, and in all five cases, the QFT-GIT
and QFT-Plus IFN-� levels bordered the dichotomous 0.35 IU/ml cutoff for assay
positivity, ranging from 0.19 IU/ml to 0.66 IU/ml. Prior reports assessing the reproduc-
ibility of the QFT-GIT IGRA have identified multiple factors (e.g., preanalytical, analytical,
manufacturing, biologic, etc.), which can lead to assay variability as high as �0.60 IU/ml
around the cutoff, resulting in false-positive QFT results and conversion/reversion
events (22–24). Given the borderline IFN-� levels among the discordant samples,
alongside our effort to minimize processing variables via side-by-side specimen collec-
tion, transport, preanalytical processing, and testing using an automated ELISA plat-
form, the disparate results for these five patients may be a consequence of the intrinsic
variability associated with the IFN-� ELISA. Interestingly, two of these discordant
patients (OCPHS-3 and OCPHS-4) had positive QFT-GIT results 2 to 8 years prior to
enrollment into our study, with elevated IFN-� levels (3.65 IU/ml to 7.55 IU/ml). These
two patients received at least partial LTBI treatment prior to enrollment, which may
explain the significantly decreased IFN-� levels and provide an alternative cause for the
discrepant results following retesting by the QFT-GIT and QFT-Plus assays. Of note,
however, three other patients who were receiving LTBI treatment and four LTBI patients
who had completed treatment at the time of enrollment were all positive by both
QFT-IGRAs, supporting prior findings (specific to the QFT-GIT assay) that IFN-� levels
cannot be used as a measure of treatment response (25–29). Although our study has
only a small number of LTBI patients on therapy or having completed a treatment
regimen, our preliminary findings suggest that similar to the QFT-GIT, the qualitative
QFT-Plus result cannot be relied upon as an indicator of treatment response for LTBI.
Additional studies using a larger cohort of patients undergoing LTBI treatment are
warranted, however, to assess the CD8� T-cell response and its possible role in
monitoring response to therapy.

Of the 100 HCWs with prior negative TST results, two were positive by both QFT
IGRAs, and one was positive by only the QFT-Plus IGRA. The TB antigen IFN-� levels all
bordered the 0.35 IU/ml cutoff, except for one HCW who had a QFT-Plus TB2 antigen
tube value of 1.04 IU/ml (TB1 value, 0.27 IU/ml). Mayo Clinic has a fairly low rate of TST
skin conversions among HCWs, with only nine employee TST conversions occurring due
to suspected workplace M. tuberculosis exposure over a nearly 17-year period (30). In a
recently published study evaluating the QFT-GIT and QFT-Plus IGRAs for HCW TB
screening, Moon and colleagues suggested a conservative approach for interpretation
of the QFT-Plus qualitative result (8). Specifically, for HCWs with no known risk factors
for TB working in a low-TB-incidence setting, they suggest that the QFT-Plus assay be
considered positive only if both the TB1 and TB2 antigen tubes are greater than 0.35
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IU/ml. Using these modified criteria, two of the three QFT-Plus-positive HCWs in our
study would be considered QFT-Plus negative. While repeat testing and follow-up
clinical findings were unavailable for these three HCWs, based on the known intrinsic
variability of the IFN-� ELISA and prior studies delineating the low positive predictive
value of the QFT assays in low-risk HCWs, we speculate that the QFT-Plus and QFT-GIT
assay results were falsely positive in these three employees (8, 31). As noted in
numerous prior studies, the issues of variability and reproducibility around a single
dichotomous cutoff can lead to challenges associated with result interpretation, par-
ticularly among low-risk patients or HCWs with positive IFN-� values near the assay
cutoff (22, 32). This limitation was acknowledged and addressed in the most recent
American Thoracic Society/Infectious Diseases Society of America/Centers for Disease
Control and Prevention guidelines for the diagnosis of tuberculosis. The guidelines
state that testing for LTBI should not be performed in individuals who are unlikely to
be infected with M. tuberculosis; the guidelines also recognize that this practice occurs
and recommend that low-risk individuals with an initially positive IGRA result be
retested, with a negative result overriding the initial positive result (14). In theory, the
modified QFT-Plus interpretive criteria, as defined by Moon and colleagues (8), would
meet these recommendations (i.e., via individual assessment of the two TB antigen
tubes) for low-risk individuals who require TB screening, although further validation
of this alternative interpretive approach is needed.

Finally, we documented a high degree of correlation (R � 0.95) between the
quantitative IFN-� values from the QFT-GIT TB antigen tube and both the TB1 and TB2
QFT-Plus antigen tubes; this correlation is notably higher than those in previous studies
performed in low-risk HCWs (R � 0.74 to 0.75) (8). A strong correlation was also
observed between the QFT-Plus TB1 and TB2 antigen tubes, which may in part be
explained by the higher level of precision reported for the QFT-Plus assay, an aspect
particularly relevant for patients without a CD8� T-cell response (33). Overall, our
findings suggest that the absence of the TB7.7 antigen from the QFT-Plus IGRA does
not significantly impact assay performance, consistent with conclusions from two prior
studies (13, 18). These results notably differ, however, from those of a prior study, which
documented higher IFN-� levels by the QFT-GIT assay than by the QFT-Plus IGRA for
patients with active TB infection or LTBI (9). While the patient populations evaluated by
these studies differ, a definitive cause for these observed differences in IFN-� levels is
not immediately apparent. Additionally, among the 23 LTBI patients with positive
QFT-Plus test results, we found similar levels of IFN-� production in the TB1 and TB2
antigen tubes; only three enrolled subjects had qualitatively discordant results between
the two TB antigen tubes, with IFN-� values in these cases falling near the 0.35 IU/ml
cutoff (0.19 to 0.52 IU/ml). Notably, TB2-specific CD8� T-cell responses were more
frequently observed in active TB disease cases versus patients with LTBI (44% versus
20%) in a small study from Italy; however, the only patient with active TB disease and
a low CD4� T-cell count in our study had indeterminate QFT-Plus and QFT-GIT results
due to low mitogen values (34). While our data generally suggest equivalent perfor-
mances between the two QFT-TB IGRAs, whether the addition of the TB2 antigen tube
to the QFT-Plus IGRA provides a diagnostic advantage over the QFT-GIT version,
particularly in patients with CD8� T-cell-reliant disease states (e.g., HIV infection with
low CD4 counts), remains to be defined.

To our knowledge, this is the first prospective study to compare QFT-GIT and
QFT-Plus IGRAs across the spectrum of TB infection from low-risk or previously treated
HCWs to immigrants from areas endemic for TB undergoing evaluation or follow-up for
LTBI or active TB infection in a mid-to-low-TB-incidence setting in the United States. The
limitations of our study include the lack of an LTBI diagnostic reference standard and
use of the QFT-GIT IGRA to establish a clinical diagnosis of LTBI (thus introducing bias)
and therefore an inability to resolve discordant results between the two IGRAs. Also, the
majority of the enrolled subjects were immunocompetent, which precludes us from
comparing the performances of these IGRAs in patient populations at high risk for LTBI
and active TB disease. Last, while the QFT-Plus assay allows for WB collection into a
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lithium-heparin tube prior to aliquoting into the QFT-Plus tubes, this practice is not
supported by the instructions in the QFT-GIT package insert. However, in an effort to
alleviate the anxiety expressed by immigrants and refugees due to cultural beliefs
and/or practices with respect to blood draws into more than one tube, WB from the
lithium-heparin tube was also aliquoted into the QFT-GIT tubes. Notably, the high
correlation between IFN-� levels from the QFT-GIT and QFT-Plus levels suggests that
deviation from the QFT-GIT specimen collection procedure still provided valid results.

In conclusion, we show high correlation and comparable results between the
QFT-GIT and QFT-Plus assays in our study population composed of subjects across a
spectrum of TB infection in a medium-to-low-TB-incidence area in the United States.
Our findings suggest that the necessary transition to the QFT-Plus assay due to
discontinuation of the QFT-GIT IGRA reagents will be associated with a minimal
difference in assay performance characteristics.
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