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Test Variability of the QuantiFERON-TB Gold In-Tube

Assay in Clinical Practice

John Z. Metcalfe!, Adithya Cattamanchi', Charles E. McCulloch?, Justin D. Lew3,

Ngan P. Ha3, and Edward A. Graviss3

Division of Pulmonary and Critical Care Medicine, Francis J. Curry International Tuberculosis Center, San Francisco General Hospital, San Francisco,
California; Department of Epidemiology and Biostatistics, University of California, San Francisco, San Francisco, California; and *Department
of Pathology and Genomic Medicine, The Methodist Hospital Research Institute, Houston, Texas

Rationale: Although IFN-vy release assays (IGRAs) are widely used to
screen for Mycobacterium tuberculosis infection in high-income coun-
tries, published data on repeatability are limited.

Objectives: To determine IGRA repeatability.

Methods: The study population included consecutive patients re-
ferred to The Methodist Hospital (Houston, TX) between August 1,
2010 and July 31, 2011 for latent tuberculosis (TB) infection screen-
ingwith an IGRA (QuantiFERON-TB Gold In-Tube; Cellestis, Carnegie,
Australia). We performed multiple IGRA tests using leftover stimu-
lated plasma according to a prospectively formulated quality control
protocol. We analyzed agreement in interpretation of test results
classified according to manufacturer-recommended criteria and re-
peatability of quantitative TB response.

Measurements and Main Results: During the study period, 1,086 test
results were obtained from 543 subjects. Per the manufacturer’s cut-
point, the result of the second test was discordant from that of the
first in 28 (8%) of 366 patients with valid test results, including 13
with an initial negative result and 15 with an initial positive result.
Although agreement between repeat test results was high (kx = 0.84;
95% confidence interval, 0.79-0.90), the normal expected range of
within-subject variability in TB response on retesting included differ-
ences of = 0.60 IU/ml for all individuals (coefficient of variation,
14%), and *+ 0.241U/ml (coefficient of variation, 27%) for individuals
whose initial TB response was between 0.25 and 0.80 1U/ml.
Conclusions: There is substantial variability in TB response when
IGRAs are repeated using the same patient sample. IGRA results
should be interpreted cautiously when TB response is near interpre-
tation cut-points.

Keywords: interferon-vy release assay; QuantiFERON; repeatability;
imprecision

IFN-v release assays (IGRAs) are in vitro immunodiagnostic
tests that measure effector T cell-mediated IFN-vy response to
synthetic Mycobacterium tuberculosis—specific polypeptides. The
QuantiFERON-TB Gold In-Tube (QFT-GIT; Cellestis, Carnegie,
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Although IFN-vy release assays (IGRAs) are widely used in
high-income countries and numerous studies have evalu-
ated their diagnostic performance, there are limited data
on the precision of IGRA results.

What This Study Adds to the Field

In the largest precision study of an IGRA to date, we found
considerable variability in tuberculosis response measured
by QuantiFERON-TB Gold In-Tube (Cellestis, Carnegie,
Australia) on retesting of the same patient sample. Variabil-
ity within individuals included differences up to 0.24 IU/ml,
in either direction, when the initial tuberculosis response
was between 0.25 and 0.80 IU/ml. Positive QuantiFERON-
TB Gold In-Tube test results less than 0.59 IU/ml should be
interpreted cautiously.

Australia) is a commercially available IGRA that has been rec-
ommended as an alternative to the tuberculin skin test (TST) in
targeted screening for M. tuberculosis infection (1).

Although IGRAs are widely used in high-income countries
and numerous studies have evaluated their diagnostic perfor-
mance, there are limited data on the precision of IGRA results.
Clinically, such data are essential because treatment decisions
could be impacted by interpretation of results close to the thresh-
old for a positive test, and for changes above or below this
threshold when serial testing is performed (2). Data on test
imprecision, including repeatability (serial testing under identi-
cal conditions) and reproducibility (serial testing under changed
conditions) (3) (see Table 1), are required for CE (Conformité
Européene) Marking in the European Union and for premarket
approval of in vitro diagnostic tests by the US Food and Drug
Administration (FDA) (4).

Repeatability is unaffected by intervening immune response
or differences between laboratories, and thus estimates the in-
herent random error associated with IGRAs. Accounting for
such random error when interpreting test results may contribute
to improved treatment decisions. Data submitted by the manu-
facturer to the FDA indicate that QFT-GIT has little test-retest
variability (coefficient of variation [CV], 8%) (5). Multiple in-
dependent studies have assessed longitudinal changes in tuber-
culosis (TB) response (6-20), although few investigators have
examined the repeatability of commercial IGRAs (7, 9, 10, 18).
These reports support a greater amount of test variability than
that reported by the manufacturer, although interpretation has
been limited by sample size and heterogeneous statistical meth-
ods, terminology, and epidemiologic settings.
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TABLE 1. DEFINITIONS
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Term

Definition

Repeatability

The precision of a test when replicated under identical apparent conditions (e.g., same laboratory, operator, apparatus,

minimal time interval); a measure of the inherent random error associated with a test (51).

Reproducibility
unspecified time interval) (51).
TB response

The precision of a test when replicated under different conditions (e.g., different laboratory, operator, apparatus,

The amount of IFN-vy released in response to M. tuberculosis—specific antigens (ESAT-6, CFP-10, TB7.7), calculated

as the difference in IFN-y concentration in plasma from blood stimulated with antigen minus the IFN-y concentration
in plasma from blood incubated with saline (i.e., nil) (1).

Borderline range

manufacturer-recommended cut point.

Normal expected range of

within-subject variability
Low positive

TB response between 0.25 and 0.80 1U/ml; derived within our cohort from the quintiles of TB response above and below the

Mean TB response *+ 1.96 repeatability SD. This range about an individual’s true value (the value in absence of
repeatability variability) would include 95% of repeat measurements for that individual (52).
A positive test result within a quantitative interval within which a repeat test may be negative based on inherent random

error alone (i.e., the normal expected range includes values that cross the manufacturer-recommended cut-point [0.35 [U/ml]).

Definition of abbreviation: TB = tuberculosis.

To improve the clinical interpretation of QFT-GIT results,
particularly results near the cut-point for a positive test, we
analyzed repeatability within a large population of individuals
living in a low TB incidence setting.

Some of the results of these studies have been reported pre-
viously in abstract form (21).

METHODS
Study Population

The study included consecutive employees of petrochemical companies and
other individuals referred by hospitals and private clinicians for routine la-
tent tuberculosis infection (LTBI) screening at The Methodist Hospital
(Houston, TX) between August 1,2010 and July 31, 2011. Because this pop-
ulation was considered to be at low risk for M. tuberculosis infection, we
instituted an internal quality control algorithm in which QFT-GIT testing
was repeated using leftover stimulated plasma. The quality control algo-
rithm excluded individuals with both low TB response (< 0.25 IU/ml) and
low nil control (< 0.10 IU/ml) because their test result was considered to
be unambiguously negative (i.e., the test result would not have been pos-
itive even had the nil control response been lower).

Data Collection

We abstracted demographic data from a deidentified, clinical database;
information on nationality, TST status, or history of previous TB disease
was not available.

Two technicians from a Clinical Laboratory Improvement Amend-
ments certified (22) laboratory accustomed to IGRA research (23-26)
performed all QFT-GIT assays according to the manufacturer’s instruc-
tions using identical instrument settings (laboratory testing details are
provided in the online supplement). After the initial round of testing,
we followed a prospectively formulated retesting algorithm in which
QFT-GIT assays were repeated using leftover stimulated plasma from
the initial venipuncture. We performed a second round of retesting in
duplicate (i.e., tests 3 and 4) if the first two tests were discordant based
on the manufacturer’s suggested cut-point (i.e., negative [<0.35 IU/ml]
when the initial test result was positive [=0.35 IU/ml], or vice versa).
Initial QFT-GIT assays were classified as indeterminate according to
manufacturer instructions (27) and repeated once. To maximize clar-
ity of presentation, and because results did not substantially differ, only
the first and second tests for each subject were considered in our main
analysis.

We interpreted test results according to the consensus of all available
tests classified using the manufacturer’s recommended cut-point. The
decision to initiate LTBI treatment after test analysis was at the dis-
cretion of the referring clinician.

Statistical Analyses

For results classified according to the manufacturer-recommended cut-
point, we assessed agreement between the first and second QFT-GIT
assays with the kappa statistic of interrater agreement (28). For

quantitative results, we plotted the difference between the first and
second QFT-GIT measurement against their mean, as described by
Bland and Altman (see online supplement) (29). Subjects with very
low TB response (TB response less than —0.35 IU/ml and less than
—0.5 times nil control) were excluded (30). IFN-y concentrations
greater than 10 IU/ml may be unreliable because of the limited
linear range of the ELISA reader, and were therefore truncated at
10 IU/ml.

Next, we assessed the repeatability of the ELISA portion of QFT-
GIT using a linear mixed effects model fit to the numerical IFN-y values.
Such models allow global estimation of within-person SD optimally
weighted for the correlation structure of the repeated measurements
(31, 32). Assuming that 95% of measurements are located within =1.96
SDs, the “normal expected range” of within-subject test repeatability
can be calculated by expressing this SD as a percentage of the individ-
ual’s mean TB response. Because test-retest differences were not nor-
mally distributed, we used a resampling procedure based on 10,000
bootstrap iterations of the dataset to verify that 95% of differences
were contained within 1.96 SDs of the mean. We performed additional
sensitivity analyses to examine the repeatability of QFT-GIT when the
initial TB response was in a borderline range (0.25-0.80 IU/ml), and
when subjects with TB response greater than 10 IU/ml were excluded,
rather than truncated.

All P values were two-sided with a = 0.05 as the significance level.
Data analysis was performed using Stata 12.1 (Stata Corporation, Col-
lege Station, TX).

RESULTS

Between August 1,2010 and July 31,2011, 3,234 individuals were
screened for M. tuberculosis infection using QFT-GIT. Of these,
2,819 (87.2%) were negative; 218 (6.7% ) were positive; and 177
(5.5%) were indeterminate per manufacturer recommended cri-
teria. Among those with negative test results, 2,671 had a low
negative TB response (<0.25 IU/ml) with low nil control
(<0.1 TU/ml) and were not considered further (Figure 1). Thus,
subjects with negative test results who were analyzed included
those with TB response less than 0.25 IU/ml and nil control
greater than or equal to 0.1 IU/ml, and those with TB response
0.25-0.35 IU/ml, regardless of nil control value. Most indeter-
minate tests (n = 175/177) were due to low mitogen response
(mitogen minus nil control, <0.5 TU/ml). For purposes of anal-
ysis, subjects with indeterminate test results were examined
separately from those with determinate test results. Subject de-
mographic and test characteristics are summarized in Table 2.

Test Agreement

When the first two test results for all patients were analyzed
according to the manufacturer-recommended cut-point, agree-
ment was high (kappa statistic 0.84; 95% confidence interval,
0.79-0.90) (Table 3). Bland-Altman plots of test-retest differences
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Subjects Evaluated for
M. tuberculosis
Infection, Aug 1, 2010 -
July 31, 2011 (N=3234)

QFT-GIT negative
» with TB response
<0.25 and nil <0.1,
n=2671 (82.6%)

Eligible subjects
(n=563)

20 subjects excluded

e Very low TB
response (n=16 )*

> o No replicate (n=4)

QFT-GIT negative,
n=148 (4.6%)

QFT-GIT positive,
n=218 (6.7%)

QFT-GIT indeterminate,
n=177 (5.5%)

QFT-GIT negative
One replicate, n=135
Two replicates, n=2
Three replicates, n=11

QFT-GIT positive

One replicate, n=200
Two replicates, n=2
Three replicates, n=16

QFT-GIT indeterminate
One replicate, n=175
Two replicates, n=2

Figure 1. Study flow diagram. Positive, negative, and indeterminate
tests were classified according to manufacturer’s recommended criteria
(27). Analyzed QuantiFERON Gold-In Tube (QFT-GIT) negative test
results were negative less than 0.25 IU/ml with nil control greater than
or equal to 0.10 IU/ml, or negative 0.25-0.35 1U/ml, regardless of nil
control response. Only the first and second tests for each subject were
included in the main analysis. *Very low TB response was defined as TB
response less than —0.35 IU/mL and less than —0.5 times nil control
(30). TB = tuberculosis.

across the full and borderline range of TB response are pre-
sented as Figures E1A and E1B in the online supplement.

Retesting Results

On retesting, 13 (9%) of 148 negative results converted to pos-
itive and 15 (7%) of 218 positive results reverted to negative per
the manufacturer’s cut-point (0.35 IU/ml). Both conversions
and reversions were more likely among individuals with an ini-
tial borderline TB response (i.e., 0.25-0.349 IU/ml for conver-
sions, and 0.35-0.80 IU/ml for reversions; P < 0.001 relative
to nonborderline measurements for both). Eighty-six percent
(24 of 28) of all individuals who converted or reverted had an
initial TB response within the borderline range (Table 4). On
retesting, 11 (6%) of 177 indeterminate tests were reread as
negative, and two positive results (2 of 218; <1%) were reread
as indeterminate.

Test Variability

A total of 1,086 test results from 543 subjects were available
for the primary analysis. The median difference in TB response
across all determinate tests within an individual was 0.06 IU/ml
(IQR 0.02-0.19 TU/ml); the maximum difference in TB response
between tests was greater than 1 IU/ml in 14 (4%) of 366
individuals.

The normal expected range of variability for an individual pa-
tient included differences of + 0.60 IU/ml (CV 14%) for all
individuals, and *= 0.24 TU/ml (CV 27%) for individuals with
initial TB response in the borderline range (0.25-0.80 IU/ml)
(Figure 2). Results were similar when analysis included all avail-
able tests for each subject. Higher variability occurred in the

TABLE 2. CHARACTERISTICS OF THE STUDY POPULATION

Characteristic Total (n = 543)
Age, yr, mean (+ SD) 43 (£ 18)
Male, % 66
Origin of referral, %*

Petrochemical corporation 74

Hospital/clinician 26
Race or ethnicity, %

White 41

Black 9

Hispanic 11

Asian 10

American Native 1

Unknown 28
Number of replicates obtained per subject, %"

1 92

2 1

3 7

Values are percentages unless otherwise stated. All categories are mutually
exclusive.

*Origin of referral includes determinate tests only.

tOnly the first and second tests for each subject were included in the main
analysis.

sensitivity analysis excluding subjects with TB response greater
than 10 IU/ml, and among subjects with indeterminate test
results (see METHODS and online supplement).

DISCUSSION

We analyzed a large population of individuals from a low TB
incidence setting to determine the inherent variability of QFT-
GIT, with specific attention to individuals with results near the
manufacturer-recommended cut-point for a positive test. We
found substantial and clinically important variability in QFT-
GIT results on retesting of the same patient sample. This vari-
ability is higher than that initially reported by the manufacturer,
and has important implications for interpretation of borderline
test results and conversion-reversion thresholds for screening
programs in low TB incidence settings.

Studies of TST variability since the 1960s have found that
spontaneous changes in induration less than or equal to 6 mm
may occur because of host biologic variation, or differences in
test administration or measurement (33-36). These normal lim-
its of test variability contribute to current thresholds (=10 mm)
for skin test conversion (37). Although IGRAs may be more
specific than the TST and initially identify fewer persons requir-
ing preventive therapy in some settings (38), subsequent con-
versions and reversions may occur with greater frequency (7, 11,
39, 40). The reasons for this remain speculative, with possible

TABLE 3. REPEATABILITY OF QFT-GIT TEST INTERPRETATION

Test Result Sequence Total Subjects (n = 543)

Concordant 502 (93%)
Positive/positive 201
Negative/negative 135
Indeterminate/indeterminate 166

Discordant 41 (7%)
Positive/negative 15
Negative/positive 13
Indeterminate/negative 1
Positive/indeterminate 2

Definition of abbreviation: QFT-GIT = QuantiFERON Gold-In Tube.
Categorization of all available tests is provided as Table E2 in the online
supplement.
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TABLE 4. REPEATABILITY OF QFT-GIT TEST RESULTS STRATIFIED
BY QUANTITATIVE TB RESPONSE

Baseline TB

Response (IlU/ml)  Total Subjects Conversion, n (%)* Reversion, n (%)*

All subjects 366 13/148 (9) 15/218 (7)
<0.25 106 1/106 (<1) —
0.25-0.34 42 12/42 (27) —
0.35-0.80 66 — 12/66 (18)
0.81-3 76 — 2/76 (3)
3.1-9.92 76 — 1/76 (1)

Definition of abbreviations: QFT-GIT = QuantiFERON Gold-In Tube; TB =
tuberculosis.

Initial indeterminate test results were not included.

*Denominator for conversion or reversion is equal to the total and stratified
population at risk (i.e., for conversion, denominator includes those initially test-
ing negative; for reversion, denominator includes those initially testing positive).

explanations including greater variability in immunologic reac-
tivity of effector versus central memory T cells, or a superior
sensitivity of IGRAs to dynamic changes in the spectrum of
LTBI. However, our data suggest that variability inherent to
the test rather than host or pathogen factors could explain many
IGRA reversions and conversions.

We found that the normal expected range of within-subject
variability for the QFT-GIT assay includes a difference in the
quantitative TB response up to = 0.60 IU/ml on retesting. For

= = = = Manufacturer Recommended

L]
.
v 72 Cut Point
+ 'LowPositive ——@— True Mean TB Response +/- 1.96 SD
f Zone
L}
.
L}
{ 0.59
.
L}
.
.
L}
.
.
' 0.46
.
.
L}
.
L}
.
.
10.349
.
L}
.
L]
[ T T T 1
0.15 0.35 0.59 0.70 0.90

TB Response (IU/ml)

Figure 2. Normal expected variability of borderline tuberculosis (TB)
response. True mean TB response (square, defined as the average value
of an unlimited number of measurements taken under the same con-
ditions) and associated 95% variability (= 1.96 SD; the solid line to each
side of the square represents 1.96 SD). Given an estimated true nega-
tive mean TB response of 0.349 IU/ml (just below test cut point for
positivity) and a normal expected range of within-subject variability
of £ 0.24 1U/ml, 95% of subjects demonstrate variability between
0.11 and 0.59 IU/ml. Thus, the low positive zone (gray shading) is
defined as the interval (0.35-0.59 1U/ml) within which a positive result
could be expected to revert to negative on retest based solely on the
inherent variability of the test. Measured TB response greater than
0.59 IU/ml is unlikely to be associated with an estimated true mean TB
response less than 0.35 1U/ml, and thus should be considered to indi-
cate a true positive value. The repeatability of QuantiFERON Gold-In
Tube (QFT-GIT) assays was assessed using a linear mixed effects model
fit to the numerical IFN-y values. Borderline TB response was defined as
IFN-y concentration 0.25-0.80 IU/ml; the manufacturer-recommended
cut point (0.35 1U/ml) is demonstrated as a dashed line.
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test results close to the manufacturer-recommended cut-point
of 0.35 IU/ml, differences of 0.24 IU/ml, in either direction, are
within the normal expected range for test variability. Thus, as
shown in Figure 2, positive test results less than 0.59 IU/ml
could reasonably be expected to revert to negative based on
the inherent variability of the test alone. Of note, in our cohort
20% (n = 43 of 218) of positive results fell within this range, and
23% (n = 10 of 43) of these individuals reverted to negative.
Weighing 4 to 9 months of potentially unnecessary preventive
antibiotic therapy (and attendant risk of adverse drug effects)
against the probability of reactivation TB, screening programs
in low incidence settings may choose to limit false-positives by
accepting a higher than recommended threshold for test posi-
tivity. Indeed, recognizing the limited positive predictive value
of IGRAs in low-risk individuals (41), some centers in the United
States have already instituted such policies (42, 43). Ultimately,
as with the TST, conversion thresholds will depend on risk of
future active TB disease, the epidemiologic setting, and, possi-
bly, the magnitude of the quantitative response (44), although
establishing the evidence base for such thresholds will be chal-
lenging (2).

Our findings build on previous literature documenting vari-
able amounts of QFT-GIT imprecision and calls for borderline
zones of various ranges (6, 8, 16-18, 45). Reproducibility studies
of longitudinal TB response in low TB incidence settings over
time periods of days to years have demonstrated changes in TB
response of 16-80% on retesting. Repeatability data, usually
from high TB incidence regions, have been less often reported.
Further, interpretation of these data has been challenging be-
cause of the differing methods used to assess variability. Because
this variability has traditionally been determined by dividing the
pooled SD by the overall mean TB response (i.e., use of CV),
persons with positive test results have less variability, as a per-
centage of the mean, relative to persons with negative test
results. This may account for the low variability reported by
the manufacturer (CV 8.4%) during the FDA approval process,
because their estimate was based on a small number of subjects
who had evidence of active TB and were likely to have had high
mean TB response (5); low CV percent despite relative large
differences in magnitude of TB response among high positive
tests is a known limitation of this measure of repeatability (46).
Independent investigators have reported results from a variety
of repeatability methods. In India, Veerapathran and coworkers
(8) used log transformation and linear mixed effects analysis to
determine that “a second test performed on the same blood
sample will...typically be 19% greater than the initial test.” Van
zyl Smit and coworkers (9) (South Africa) repeated readings of
the same ELISA plate over a 2-hour period and reported no
significant variability using analysis of variance techniques. Both
Detjen and coworkers (10) (South Africa) and Ringshausen and
coworkers (18) (Germany) reported a high intraclass correlation
coefficient (0.991 and 0.995, respectively) suggesting excellent
repeatability. Although the intraclass correlation coefficient is
an important measure of repeatability, it does not provide an
intuitive answer as to how much a patient’s initial result might
change on retesting. Given that total imprecision is always greater
than within-subject imprecision (47), our results may be consid-
ered conservative in the context of serial testing programs
where extraneous biologic variability is also a consideration.
Of note, QFT-GIT variability is high compared with new mo-
lecular TB tests, such as Xpert MTB/RIF (Cepheid, Inc.,
Sunnyvale, CA) quantitative polymerase chain reaction (CV
6%) (48), or commonly used serologic assays (17).

The 2010 Centers for Disease Control and Prevention Guide-
lines on IGR As recommend that clinical laboratories report quan-
titative in addition to qualitative (i.e., positive or negative) test
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results (1). Although some utility in predicting diagnosis (49)
and progression to active TB (50) may exist, in low TB inci-
dence settings reporting of quantitative test results is most
important in identifying “borderline” subjects within screening
programs, for whom withholding preventive treatment pending
retesting the following year may be justified.

Our study has some potential limitations. Because most neg-
ative test results with TB response less than 0.25 [U/ml were not
analyzed, we cannot draw conclusions as to the inherent variabil-
ity of this group. However, we focused on test results most likely
to represent clinical dilemmas within screening programs in low-
incidence settings. In addition, given the operational nature of
our study, we were not able to control for some potential sources
of variability (e.g., operator-dependent variability, lot-to-lot var-
iability), which may have compromised assessment of repeatabil-
ity inits strictest sense. However, because our study was performed
in the course of routine clinical practice the external generalizabil-
ity of our findings is reinforced.

In conclusion, in the largest precision study of the QFT-GIT
to date, we found that QFT-GIT has a normal expected range of
within-subject test variability of = 0.60 IU/ml (CV 14%) overall,
and * 0.24 TU/ml (CV 27%) among subjects with borderline TB
response near the manufacturer-recommended cut-point (0.25-
0.80 IU/ml). Our results suggest that in low TB incidence coun-
tries, low-risk individuals with a positive QFT-GIT result less
than 0.59 IU/ml should be interpreted cautiously.

Author disclosures are available with the text of this article at www.atsjournals.org.
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