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SYSTEMATIC REVIEW
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Abstract

Rationale: Interferon gamma (IFN-g) release assays for latent
tuberculosis infection result in a larger-than-expected number of
conversions and reversions in occupational screening programs,
and reproducibility of test results is a concern.

Objectives: Knowledge of the relative contribution and extent of
the individual sources of variability (immunological, preanalytical,
or analytical) could help optimize testing protocols.

Methods: We performed a systematic review of studies published
by October 2013 on all potential sources of variability of
commercial IFN-g release assays (QuantiFERON-TB Gold In-Tube
and T-SPOT.TB). The included studies assessed test variability
under identical conditions and under different conditions (the
latter both overall and stratified by individual sources of variability).
Linear mixed effects models were used to estimate within-
subject SD.

Measurements and Main Results: We identified a total of 26
articles, including 7 studies analyzing variability under the same

conditions, 10 studies analyzing variability with repeat testing over
time under different conditions, and 19 studies reporting individual
sources of variability. Most data were on QuantiFERON (only three
studies on T-SPOT.TB). A considerable number of conversions
and reversions were seen around the manufacturer-recommended
cut-point. The estimated range of variability of IFN-g response
in QuantiFERON under identical conditions was 60.47 IU/ml
(coefficient of variation, 13%) and 60.26 IU/ml (30%) for individuals
with an initial IFN-g response in the borderline range (0.25–0.80
IU/ml). The estimated range of variability in noncontrolled settings
was substantially larger (61.4 IU/ml; 60%). Blood volume inoculated
into QuantiFERON tubes and preanalytic delay were identified as key
sources of variability.

Conclusions: This systematic review shows substantial variability
with repeat IFN-g release assays testing even under identical
conditions, suggesting that reversions and conversions around the
existing cut-point should be interpreted with caution.

Keywords: tuberculosis; IFN-g release assays; diagnostics;
reproducibility
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Screening and treatment of latent
tuberculosis infection is a key component of
tuberculosis control, particularly in low-
burden settings. Traditionally, the
tuberculin skin test has been used for latent
tuberculosis testing, but IFN-g release
assays (IGRAs) such as the QuantiFERON-
TB Gold in-tube (QuantiFERON; Cellestis
Limited/Qiagen, Valencia, CA), and the
T-SPOT.TB (T-SPOT; Oxford Immunotec,
Abingdon, UK) are more recently
developed alternatives with both strengths
and limitations (1). IGRAs are considered
to be more specific than the tuberculin skin
test. However, there is uncertainty about
the interpretation of results when IGRAs
are performed serially in subgroups with
very low annual risk of tuberculosis
infection, including in health-care
workers. Conversions (change from
negative to positive test results) and
reversions (change from positive to
negative test results) have been reported to
occur more commonly for IGRAs than
skin test (3–8). Uncertainty in the
interpretation of repeat results has also
been reported for the skin test. Biologic
variability in response as well as
differences in administration/reading
contribute to a variability of 66 mm in the
skin test induration in 95% of subjects (9).
This has resulted in the recommendation
for a conversion to be diagnosed only if
a greater than 6 mm (in Canada) and
10 mm (in the United States) increase in
induration is observed, over the baseline
value, along with a change from negative
to positive.

Currently, variability in IGRA results
is not incorporated into the interpretation
of serial test results. In contrast to the
skin test, where a substantial increase
in induration over a baseline value is
necessary for a conversion, the IGRA
manufacturers (and guidelines from the
CDC) recommend a single cut-point to
define a positive test as well as define
conversions (10, 11).

A previous systematic review from
2009 (12) concluded that although
reproducibility data were scarce, there was
significant within-person IGRA variability.
Since 2009, many new studies have
emerged on overall variability of tests under
identical and routine conditions as well as
varying individual factors that contribute to
variability. Therefore, we systematically
reviewed the existing evidence on IGRA
variability.

Methods

We developed a systematic review protocol,
building on the previous review (12), before
commencing the current review, following
standard guidelines (13–15).

Search Strategy
We searched MEDLINE, EMBASE, Biosis,
and Web of Knowledge for citations of all
original articles and abstracts published
from January 2005 until October 2013. We
reviewed reference lists of included articles
and identified review articles. In addition,
we contacted experts to identify additional
studies and abstracts. We restricted our
search to studies with at least an abstract
in English or French. The search terms
included combinations of: tuberculosis,
reproducibility, variability, repeatability,
IFN-g release assays (see online supplement
for further details).

Inclusion Criteria
We included studies that repeated the IGRA
and reported on any of the possible
sources of variability (e.g., immunological,
preanalytical, and analytical sources).
Studies were included when they (1)
assessed 10 or more subjects, (2) included
immunocompetent subjects only, (3) were
done in a low tuberculosis-prevalent setting
(,25 cases/100.000 population) and
included subjects without a known
tuberculosis exposure or were done in
a high tuberculosis-prevalence setting and
repeat tests were done within 1-month
interval to avoid possible confounding of
the test result through new tuberculosis
exposure, and (4) used one of the two
currently available commercial assays
(QuantiFERON and T-SPOT). We
excluded studies that conducted the IGRA
as part of a contact investigation or
outbreak investigation or repeated IGRAs
during antituberculosis treatment (for
latent or active tuberculosis).

Study Selection and Data Extraction
Two review authors independently assessed
articles for inclusion, extracted data on
study methodology and characteristics, and
test results (qualitative and quantitative).
We resolved any discrepancies by consulting
a third review author. We contacted authors
to obtain quantitative IGRA data for
subjects relevant to the review and for
information not reported in the published
studies.

Assessment of
Methodological Quality
We assessed study quality using a modified
quality appraisal tool for studies of
diagnostic reliability (QAREL), a tool that
has been developed for the assessment of
reproducibility studies (16) and found to be
reliable (17). Key components of the quality
assessment were blinding, the explanation
of missing data, and reporting of erroneous
results. The quality assessment questions
are available in the online supplement.

Categorization of Studies
We categorized studies into those that
assessed:
d Variability under identical conditions:
repeat testing with the same IGRA assay
on the same sample under identical
conditions (e.g., same preincubation
delay, incubation time, and operator) to
assess the isolated impact of analytical
sources on variability (i.e., variability
inherent to the test).

d Variability due to changing one or more
components at a time: on the same
sample from the same individual varying
one or more components at a time to
assess their impact on variability. We
assume the impact of uncontrolled
sources of variability equally affects the
different study groups and therefore does
not impact the overall findings.

d Variability over time (under different
conditions): from the same individual
a second sample is taken within 4 weeks.
For repeat testing, variations in testing
within the recommendations specified
in the package insert are expected to
occur (e.g., blood volume, preincubation
delay, different ELISA operators). Some
studies only repeated testing on positive
baseline results.

d Boosting due to skin test: on the same
individual one IGRA is done before and a
second within a short time frame (100 d)
after a skin test is administered. Only
patients with negative skin test were
included.

Outcomes and Analysis
We listed all identified sources of IGRA
variability for which supporting data were
available from at least one published study
or abstract. We excluded uninterpretable
test results (i.e., indeterminate or erroneous)
from the analyses. Results were classified
according to the manufacturer-recommended
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cut-point on repeat testing in the different
study categories, and kappa statistic were
calculated for agreement between repeat tests
(18). We assessed the number of conversions
and reversions within predefined strata of
the quantitative baseline value. If more than
one repeat measurement was done within one
subject, the repeat test result was always
compared with the immediately preceding
result except in the assessment of skin test
boosting, where we compared all repeat test
results to the results before skin test.

Assessment of quantitative values was
only pursued for QuantiFERON, given the
limited number of studies that assessed
T-SPOT. We calculated three summary
measures of test variability for both
overall IFN-g response and for IFN-g
response between 0.25 and 0.80 IU/ml: (1)
the coefficient of variation (CV), defined as
the SD of the differences in within-person
measurements divided by the grand mean,
multiplied by 100 to give a percentage. The
lower the coefficient of variation (closer
to zero), the more consistent are the
measurements; (2) the intraclass correlation
coefficient (ICC), defined as the ratio of
variance between measurements to the
total variance observed in a repeated
measurements (within-subject variance/
total variance); the higher the ICC (closer
to 1), the more likely that a test gives
consistent repeat measurements within
the same individual (low within-subject
variance), relative to differences in
measurements observed across subjects
(high between-subject variance); and (3)
the “normal expected range of variability”
(i.e., 61.96 SD; this is the range around an
individual’s mean value that would include
95% of repeat measurements for that
individual) (19). We constructed a Bland-
Altman plot to analyze agreement between
repeat measurements (20).

The ICC and the normal expected
range were assessed using a linear mixed-
effects model (incorporating subject effects
as random effects and, where appropriate,
study effects as a fixed effect given the small
number of studies) fit to the numerical IFN-
g response values. This model assumes that
whereas IFN-g response values vary by
subject and by study, the within-subject
variability is the same for all subjects and all
studies. This allowed the global estimation
of within-subject variability by calculating
the SD weighted for the correlation
structure of the repeated measurements
(21). Separate linear mixed-effects models

were fit within strata defined by baseline
IFN-g values. As per the manufacturer’s
suggestion, IFN-g values greater than 10
were truncated at 10 IU/ml, and negative
values were rescaled to zero. Analyses were
performed using STATA 12 (STATA
Corporation, College Station, TX).

The Canadian Institutes of Health
Research, funder of the study, had no role in
study design, data collection, data analysis,
data interpretation, or writing of the report.

Results

Characteristics and Quality of
Included Studies
Our literature search identified a total of
2,562 citations (Figure 1). Twenty-six
studies fulfilled our inclusion criteria.
All studies used QuantiFERON, and
three studies evaluated T-SPOT as well.
Quantitative values of individual test results
were available from authors for 19 of 26
studies that evaluated QuantiFERON and
were partially available from 1 study.
Characteristics of included studies are
shown in Tables 1 and 2. Overall, the
quality of the selected studies was very good
(Figure 2).

QuantiFERON Variability under
Identical Conditions
A total of seven studies were included (6,
22–27). Individual test data were available
for five studies with a total of 739 subjects,
with each subject providing two test results
obtained in identical settings. In total, 6.2%
(46 of 739; 95% confidence interval [CI],
4.6–8.2%) of results were discrepant when
repeated. The kappa statistic for agreement
between repeat measurements was 0.88
(95% CI, 0.80–0.95). There was a higher
variability around the cut-point; 26% (14 of
55) of samples converted if the baseline
IFN-g results ranged between 0.25 and 0.34
IU/ml, and 18% (17 of 94) of samples
reverted if baseline IFN-g results were
between 0.35 and 0.8 IU/ml (Tables 3
and 4).

Analysis of the quantitative test results
showed a normal expected range of
variability around an individual mean of
60.47 IU/ml (95% CI, 0.45–0.50; CV, 13%)
for all values (irrespective of the initial IFN-
g value) and 60.26 IU/ml (95% CI, 0.23–
0.29; CV, 30%) for individuals with an
initial IFN-g response in the borderline
range (0.25–0.80 IU/ml [Table 5]; see

Figure E1 in the online supplement, Bland-
Altman plot). The variability was largest for
high (.1.5 IU/ml) baseline IFN-g values
(normal expected range of variability 60.79
IU/ml). Overall, the ICC was high (0.99)
despite the high rate of conversions and
reversions seen. In the two studies for
which the quantitative data were not
available from authors, an overall
discordant rate of 4.8% on 145 subjects
was reported in one study (27) and no
discordance in the other (35 subjects) (22).

QuantiFERON Variability under
Different Conditions
A total of 10 studies were included (4–6, 22,
24, 25, 28–31). Quantitative data from the
authors were available for eight studies,
with data on a total of 932 subjects.
Variability between measurements
was substantially higher when the
QuantiFERON was repeated within 4 weeks
compared with when it was done on an
aliquot from the same sample (as above).
Overall 3.3% (8 of 243; 95% CI, 1.4–6.4%)
of samples showed conversions and 44.4%
(363 of 818; 95% CI, 40.9–47.9%) showed
reversions. The kappa value was 0.27
(95% CI, 0.22–0.31). Again, variability was
especially pronounced around the cut-off.
Fourteen percent (1 of 7; 95% CI, 0–58%)
of subjects converted on repeat testing if the
baseline IFN-g results ranged between 0.25
and 0.34 IU/ml and 57% (239 of 420;
95% CI, 52.0–61.7%) of subjects had
a reversion if the baseline IFN-g results
were between 0.35 and 0.8 IU/ml (Table 3).
However, reversions occurred even with
higher baseline IFN-g results: 33.3% (7 of
27; 95% CI, 11.1–46.3%) and 14% (9 of 64;
95% CI, 6.6–25.0%) when baseline results
ranged between 5 to 6.9 and 7 to 10 IU/ml,
respectively (Table 3; Figure E2, Bland-
Altman plot).

Based on an analysis of the quantitative
test results, we estimated that the normal
expected range on repeat testing for all
subjects is 61.4 IU/ml (95% CI, 1.30–1.42;
CV, 60%) and 60.70 IU/ml (95% CI, 0.66–
0.75; CV, 84%) for subjects with initial
QuantiFERON responses in the borderline
range (0.25–0.80 IU/ml) (Table 5). Overall,
repeat results were more likely to be lower
than initial results (overall average mean
difference: 20.18; 95% CI, 20.23 to
20.13), which partially explained the large
number of reversions with retesting. To
assess whether this was due to a regression-
to-the-mean phenomenon, an analysis was
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done excluding studies that only repeated
tests when the initial result was positive
(4, 5, 31). In this subanalysis, the total
number of reversions decreased to 5.5%
(19 of 344) and the kappa statistic for
agreement between the baseline and first
repeat measurement increased to 0.75 (95%
CI, 0.61–0.88), suggesting that a regression-
to-the-mean phenomenon was present.
Overall, the ICC was slightly reduced (0.89
if all studies were included and 0.90 if
studies retesting only positive results were
excluded) compared with the ICC in testing
under identical conditions (0.99).

In the two studies where the quantitative
data were not available, one study showed
a discordance rate of 6% (158 subjects) (29);
the second study did not report change of
QuantiFERON over time (28).

QuantiFERON Variability by Varying
Individual Sources of Variability
Different preanalytical or analytical
components of the test or immunological

host factors identified as potential sources
that possibly contributed to overall test
variability were evaluated. Variability in the
delay before incubation and the blood
volume included in the test tubes had the
most impact on the QuantiFERON results.

Two studies with quantitative data
examined preincubation delay: 6-hour (148
subjects) and 12-hour delay (168 subjects)
compared with immediate incubation
(all within the specifications of the
manufacturers) (32, 33). A large number of
reversions were observed with delayed
incubation: 50% (3 of 6; 95% CI, 12–88%)
and 67% (4 of 6; 95% CI, 22–96%) for 6-
hour and 12-hour delay, respectively, when
immediate incubation results were in the
range of 0.35 to 0.8 IU/ml (Table 3).
Analysis of the quantitative test results with
a linear mixed model demonstrated that
every 6-hour delay in incubation compared
with immediate incubation decreased the
IFN-g response by 0.24 IU/ml (95% CI,
0.15–0.33). Furthermore, a delay in

incubation resulted in an overall increased
variability (normal expected range, 61.62
IU/ml; 95% CI, 1.50–1.76) compared with
what was observed in studies that repeated
testing under identical conditions (60.47;
95% CI, 0.45–0.50) (Table 6). One
additional study, for which individual test
data were not available, also found
significantly lower IFN-g responses with
longer incubation delays (11–12 h vs.,1 h)
(27).

The impact of varying blood volumes
in test tubes (0.8 ml, 1 ml, and 1.2 ml; all
three within the range allowed by the
manufacturer) was assessed in one study on
50 subjects for whom individual test data
were available (34). An increased blood
volume in the QuantiFERON tube resulted
in a substantial decrease of the IFN-g
response measured (0.11 for every 0.2-ml
increase in blood volume; 95% CI, 0.04–
0.18). Variability in blood volume also
contributed to an increased overall
variability beyond what was observed in

Potentially relevant citations
identified from electronic

databases:
2559

Full papers retrieved for more
detailed evaluation: 148

Papers (studies) met the
eligibility criteria and were
included in the systematic

review: 26

Individual data not available
from 6 studies

Individual data partially available
from 1 study

Individual data available
from 19 studies

Excluded based on abstract and
title: 2411
Reason: Not relevant based on
assessment of title and abstract

Excluded: 125
Reasons:

44 No repeat IGRA done
25 Interval between IGRAs too long
19 Evaluation of TB contacts
17 Editorial/Review
8 Evaluation of active TB
5 < 10 subjects
4 Old version of QFT
3 Only immunocompromised patients included

•
•
•
•
•
•
•
•

Additional abstracts identified
through contacting experts in the
field: 3

Figure 1. Flow chart of the study selection process. The literature search identified a total of 2,559 citations. After contacting experts in the field, three
additional abstracts were added. Twenty-six studies fulfilled our inclusion criteria. Quantitative results for individual test results were available from authors
for 19 of 26 studies that evaluated QuantiFERON and were partially available from 1 study. IGRA = IFN-g release assay; TB = tuberculosis.
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Table 1. Characteristics of studies for which additional data were obtained from the authors

Author/yr
(Reference)

Country/
Prevalence

Participants Variable Assessed Type of
IGRA

No. of
Subjects

Time
Points (d)

Slater/2013 (31) USA/low Health-care workers Repeat over time; only
positive results
repeated*

QFT 537 0, 1–30

Joshi/2012 (5) USA/low Health-care workers Repeat over time; only
positive results
repeated*

QFT 45 0, 2–30

Ringshausen/2011
(22)†

Germany/low Health-care workers Repeat over time QFT 35 0, 7, 14,
21, 28

T-SPOT 35 0, 7, 14,
21, 28

Gandra/2010 (4) USA/low Health-care workers Repeat over time; only
positive results
repeated*

QFT 135 0, within
28 d

Ritz/2011 (41) Australia/low Students Boosting by skin test QFT 15 0, 42, 70
Baker/2009 (40) USA/low Immigrants Boosting by skin test QFT 60 0, 14–185
Cummings/2009
(44)

USA/low Health-care workers Boosting by skin test QFT 64 0, 9

Leyten/2007 (42) Netherlands/low Volunteers Boosting by skin test QFT 14 0, 3
Doberne/2011 (32) USA/low Volunteers Preanalytical delay (0,

6,12 h)
QFT 128 (6 h),

127 (8 h)
0

Herrera/2010 (33) USA/low Volunteers/health-care
workers

Preanalytical delay (0, 6,
12 h)

QFT 20 (6 h), 41
(12 h)

0

Metcalfe/2013 (23) USA/low Petrochemical workers Same conditions QFT 363 0
Scott/2010 (26)‡ South Africa/high Students/health-care

workers
Same conditions QFT 19 0

Shanaube/2010 (37) Zambia/high Volunteers Effect of storage
temperature
378C vs. , 258C

QFT 14 0

Hang/2009 (35) Viet Nam/high Volunteers Between-operators
variability

QFT 23 0

Min/2013 (36) South Korea/
medium

Volunteers Incubation time (24, 48,
72 h)

QFT 33 0

Dorman/2014 (6) USA/low Health-care workers Repeat over time QFT 137 0, 5–21
T-SPOT 122 0, 5–21

Same conditions QFT 139 0
T-SPOT 125 0

Boosting by skin test QFT 66 0, 7–21
T-SPOT 63 0, 7–21

ELISA rerun QFT 245 0, 8 (0–10)
Gaur/2013 (34) USA/low Volunteers Incubation time (16, 20,

24 h)
QFT 50 0

Blood volume (0.8, 1.0,
1.2 ml)

QFT 50 0

Shaking (gentle vs.
vigorous)

QFT 40 0

van Zyl-Smit/2009
(30)

South Africa/high Health-care workers Repeated reading (0, 2.5,
5, 30, 60, 90, 120 min)

QFT 19 0

Repeat over time QFT 14 0, 7, 14
T-SPOT 14 0, 7, 14

Detjen/2009 (24) South Africa/high Health-care workers Repeat over time QFT 15 0, 3
Same conditions (6
duplicates)

QFT 27 0

Plasma storage QFT 21 0
Fresh vs. 48C vs. 2808C
Between-operator
variability

QFT 19 0

Veerapathran/2008
(25)

India/high Health-care workers Repeat over time QFT 14 0, 3, 9, 12
Same conditions (4
duplicates)

QFT 14 0

Definition of abbreviations: IGRA = IFN-g release assay; QFT = QuantiFERON-TB Gold In-Tube, T-SPOT = T-SPOT.TB.
*Subjects with indeterminate results removed.
†Quantitative data only available for a part of this study.
‡Study published as abstract or conference presentation.
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studies that repeated testing under identical
conditions (normal expected range, 61.38
IU/ml; 95% CI, 1.20–1.56) (Table 6).

All other variables identified in
this systematic review appeared to have
no significant effect on qualitative

QuantiFERON results, but some components,
when insufficiently standardized, caused
a larger variability on repeat testing. Whether

Table 2. Characteristics of studies for which available data used as reported in the publication

Author/yr
(Reference)

Country/
Prevalence

Subjects Variable Assessed Type of
IGRA

No. of
Subjects

Time
Points (d)

Study Results Summary

Whitworth/
2014 (39)

USA/low Air Force and
CDC staff

Automated vs. manual
ELISA

QFT 146 0 7 (4.8%) Subjects had
discordant automated
interpretations and 10 (6.9%)
in manual interpretations (P
= 0.17).

Whitworth/
2012 (38)

USA/low Air Force and
CDC staff

Variation between 3
laboratories

QFT 91 0 7 (7.7%) Subjects were
discordant; 6 of them had
QFT responses within 0.25
IU/ml of the cut-off.

Sauzullo/2011
(43)

Italy/low Health-care
workers

Boosting by skin test QFT 69 0, 7, 14,
28, 42

Conversion in 1 subject in Day
14 with subsequent reversion.

Powell/2011
(28)

USA/low Volunteers Repeat over time QFT 864 0, 14– 84 Study did report change of
QFT results only for unusual
IFN-g measurements and did
not assess change of IGRA in
repeated testing.

Whitworth/
2012 (27)*

USA/low Air Force and
CDC staff

Incubation delay (,1 h
vs.11–12 h)

QFT 149 0 Discordant rates of 6.8%.
Significantly lower QFT
responses with longer
incubation delays (P = 0.001)

Incubation time (23–24
vs.16–17 h)

QFT 152 0 Discordant rates of 5.3%.
Significantly lower QFT
responses were seen with
shorter incubation times (P =
0.002).

Incubation temperature
(358C vs. 378C)

QFT 102 0 Discordant rates of 7.8%.

Same conditions QFT 145 0 Discordant rates of 4.8%.
Mazurek/2012
(29)*

USA/low Unclear Blood collection time:
A.M. vs. P.M.

QFT 146 0 Discordance in 8.9% of
subjects.

Repeat over time QFT 149 0, 6 Discordance in 6% of subjects.
Ringshausen/
2011 (22)†

Germany/
low

Health-care
workers

Same conditions QFT 35 0 There were no conversions or
reversions.

Repeated reading (0, 5,
15, 30, 60 min)

QFT 35 0 There were no conversions or
reversions.

Definition of abbreviations: IGRA = IFN-g release assay; QFT = QuantiFERON-TB Gold In-Tube.
*Study published as abstract or conference presentation.
†Quantitative data only available for a part of this study.

High quality Low qualityUnclear

Explanation for
missing data

Technicians
Blinding

Indeterminate
results reported

25 50 75 100
Percentage of studies %

Figure 2. Quality of included studies. The overall quality of the selected studies as assessed by the modified quality appraisal tool for studies of diagnostic
reliability (QAREL) tool (16).
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tubes were shaken gently or vigorously
appeared to affect variability (normal expected
range, 61.90 IU/ml; 95% CI, 1.53–2.36)
compared with what was observed in studies
that retested under identical conditions
(Table 6) (34). Having two different operators
also increased the variability (normal
expected range, 1.39 IU/ml; 95% CI, 1.12–
1.72) based on 42 comparisons in two studies
(24, 35). In addition, including a storage step
for plasma (at 2808C or 48C) contributed
to an increase in variability: normal expected
range, 60.66 IU/ml (95% CI, 0.61–0.72) if
a sample was frozen at 2808C (done on 21
subjects) and 60.83 IU/ml (95% CI, 0.55–
0.73) if a sample was kept at 48C (done on
267 subjects) compared with fresh plasma
processing (Table 6).

Other possible sources of variability
appeared to have no impact on
QuantiFERON results: variation of
incubation duration (comparing 20 h and 24
h to a baseline of 16 h [34], and 48 h and
72 h to 24 h [36]), or storage temperature
of tubes before testing (378C for 3 months
compared with ,258C) (37). Simply
repeating optical density measurements of
the ELISA test result after a time interval
(up to 2 h) did not result in any variability
(22, 30).

Three other studies, for which
quantitative data were not available,
assessed additional sources of
QuantiFERON variability: diurnal
variability, interlaboratory variation, and
variability comparing the use of an

automated versus manual ELISA (29, 38,
39). Results are summarized in Table 2.

QuantiFERON Boosting by Tuberculin
Skin Test
QuantiFERON boosting after a negative
skin test was assessed in six studies (6, 40–
44). Individual test data were available from
five studies on 219 subjects (6, 40–42, 44).
Most baseline QuantiFERON results
before skin test were negative (206), and
on repeat testing after skin test only nine
tests converted (4.4%). Out of 13 tests that
were positive at baseline, 4 reverted on
retesting (30.8%). The quantitative data
analysis showed that there was no
significant boosting (0.01; 95% CI, 20.004
to 0.02) and only minimal variability

Table 3. Variability in semiquantitative results around manufacturer-defined cut-point: results for QuantiFERON-TB Gold In-Tube
assay

Variable
Assessed

No. of
Studies
(Total
No. of

Samples)

Baseline Tuberculosis-Specific IFN-g (IU/ml)

0–0.1 0.11–0.24 0.25–0.34 0.35–0.8 0.81–1.49 1.5–2.9 3–4.99 5–6.99 7–10

% Conversions (Total N) % Reversions (Total N)

Retesting under
identical conditions

5 (739) 2 (255) 6 (73) 26 (55) 18 (94) 2 (62) 7 (63) 0 (27) 0 (16) 0 (94)

Repeat testing within
4 wk

8 (1,061) 2 (205) 10 (31) 14 (7) 57 (420) 40 (158) 34 (106) 23.3 (43) 33.3 (27) 14 (64)

Repeat ELISA within
2 h

1 (114) 0 (72) 0 (12) — 0 (18) 0 (6) 0 (6) — — —

Incubation delay
12 h vs. immediate 2 (168) 2 (122) 0 (8) 33(3) 67 (6) 38 (8) 33 (6) 20 (5) 0 (1) 0 (9)
6 h vs. immediate 2 (148) 1(106) 0 (8) 33(3) 50 (6) 38 (8) 25 (4) 20 (5) 0 (1) 0 (7)

Interoperator
variability

2 (42) 0 (21) 0 (4) — 0 (2) 25 (4) 0 (2) 0 (1) 0 (1) 0 (7)

Plasma storage
48C vs. 08C 1 (288) 0 (155) 0 (13) 0 (2) 36 (72) 27 (22) 15 (13) — 0 (5) 0 (6)
2808C vs. 08C 1 (21) 0 (6) 0 (3) — 0 (2) 25 (4) 0 (1) — 0 (1) 0 (4)

Boosting by negative
skin test

5 (219) 4(193) 10 (10) 33 (3) 43 (7) 20 (5) 0 (1) — — —

Table 4. Variability in semiquantitative results around manufacturer-defined cut-point: results for T-SPOT.TB

Variable Assessed No. of
Studies

(Total No.
of Samples)

Baseline Spot-Forming Units

0–2 2.1–4 4.1–7.9* 8–10 10.1–14.9 15–29.9 30–49.9 50–69.9 70–100

% Conversions
(Total N)

% Reversions (Total N)

Repeat testing within
4 wk

3 (270) 2 (173) 4 (26) - (17) 15 (13) 33 (6) 8 (13) 0 (2) 14(7) 7.6(13)

Retesting under
identical conditions

1 (125) 1 (84) 7 (14) - (8) 0 (4) 40 (5) 0 (10) — — —

Boosting by negative
skin test

1 (63) 4 (56) 0 (5) - (2) — — — — — —

*Borderline range as defined by manufacturer; results that fall into borderline range were not classified as reversions or conversions.
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(normal expected range, 60.14; 95% CI,
20.13 to 0.16).

Variability of T-SPOT
A total of three studies used T-SPOT (6, 22, 30)
and assessed variability under the same
conditions (125 subjects) on repeat testing
over time (270 subjects) and boosting by
negative skin test (63 subjects). Percent of
conversions and reversions are summarized in
Table 4; variation of results on repeat testing
were not reported if the baseline test was in the
borderline range (4.1–7.9 spot-forming units).

Discussion

Many guidelines now recommend the use of
IGRAs interchangeably with the skin test or

suggest that IGRAs can replace the skin test,
including in serial testing (45). However,
the studies reviewed here demonstrate that
on repeat testing, IGRA conversions
occur more frequently than what is
epidemiologically expected, especially in
settings with low tuberculosis incidence (6,
31) (,1%). Sample processing factors, such
as delays in incubation and variations in
blood volume, may be responsible for an
important part of this variability (4–6,
22–26, 28–37, 40–44, 46).

Among people whose baseline
QuantiFERON IFN-g result was between
0.25 and 0.8 IU/ml, we estimated that on
testing of an aliquot of the same sample, at
the same time, a result would fall within
60.26 IU/ml (95% CI, 0.23–0.29) of the

first value for 95% of samples. Thus,
a substantial number of reversions and
conversions could be expected in these
individuals even under the most ideal
conditions. As further variability is
introduced through routine variations in
phlebotomy, sample preparation, and test
procedures, on repeat testing at a later time
(within 4 wk) even greater variability could
be expected for samples. For 95% of these
samples the repeat result would fall
within 60.70 IU/ml (95% CI, 0.66–0.75%)
of the baseline value (between 0.25–0.8
IU/ml). Also, reversions are even seen with
very high initial values. This suggests that
even the introduction of an uncertainty
range, as has been suggested by various
authors, may not be sufficient (47, 48).

Table 5. Variability in quantitative results under the same and different conditions

Analysis No. of Valid
Comparisons

Mean of Difference
of Repeat Tests in
IU/ml (95% CI)

Within-Subject SD
of Variation in
IU/ml (95% CI)

Coefficient of
Variation (%)

Identical conditions,
same sample

All values 739 0.01 (20.01 to 0.04) 60.24 (0.23–0.25) 13
Group with baseline
, 0.1

250 0.02 (0.01 to 0.03) 60.06 (0.06–0.07) 263

Group with baseline
0.1–0.25

77 0.02 (20.03 to 0.08) 60.17 (0.15–0.20) 99

Group with baseline
0.25–0.8

148 20.002 (20.03 to 0.03) 60.13 (0.12–0.15) 30

Repeat over times All values 932 20.18 (20.23 to 20.13) 60.69 (0.66 –0.72) 60
Group with baseline
, 0.1

134 0.04 (0.01 to 0.07) 60.31 (0.29–0.33) 588

Group with baseline
0.1–0.25

21 0.01 (20.09 to 0.1) 60.28 (0.21–0.37) 151

Group with baseline
0.25–0.8

418 20.11 (20.15 to 20.08) 60.36 (0.34–0.38) 84

Data for all analyses included only the first and second valid comparisons.

Table 6. Variability in quantitative results within categories defined by individual sources of variability

Analysis No. of Valid
Comparisons

Mean of Difference of Repeat
Tests in IU/ml (95% CI)

Within-Subject SD of
Variation (95% CI)

Coefficient of
Variation (%)

Pretest storage 14 20.05 (20.09 to 0.18) 60.18 (0.13 to 0.27) 4
Preincubation delay (0, 6,
12 h)

168 20.24 (20.33 to 20.15) 60.83 (0.77 to 0.90) 153

Incubation time (16, 20, 24 h) 100 20.001 (20.01 to 0.008) 60.18 (0.15 to 0.20) 49
Incubation time (24, 48, 72 h) 66 0.0001 (20.02 to 0.03) 60.24 (0.20 to 0.29) 21
Interoperator variability 42 20.05 (20.35 to 0.26) 60.71 (0.57 to 0.88) 34
Blood volume 100 20.11 (20.18 to 20.04) 60.70 (0.61 to 0.81) 84
Plasma storage (fresh vs.
2808C)

21 20.03 (20.08 to 0.14) 60.37 (0.28 to 0.47) 68

Plasma storage (fresh vs.
48C)

288 0.04 (20.01 to 0.10) 60.34 (0.31 to 0.37) 57

Shaking 40 0.37 (20.06 to 0.79) 60.97 (0.78 to 1.21) 83
ELISA repeat reading
(immediate vs. 2 h)

19 20.004 (20.01 to 0.01) 60.02 (0.01 to 0.02) 6

Skin test boosting 219 0.01 (20.004 to 0.02) 60.07 (0.07 to 0.08) 190
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A better understanding of both the
frequency and impact of key factors that
increase IGRA variability will lead to better
interpretation rules for serial testing and
knowledge of how best to standardize IGRA
testing where such standardization is possible.

Our review identified blood volume
and delay before incubation to be significant
factors contributing to increased
QuantiFERON variability. Although control
of the delay before incubation is feasible
with portable incubators, further
standardization of blood volume may be
more difficult. Differences in QuantiFERON
tube shaking also contributed to variability,
although the number of samples evaluated
was small. Standardization and automation
of key steps in the operating procedure
could possibly reduce QuantiFERON
variability and the rates of conversions
and reversions and improve the overall
performance of the test, especially if used in
serial testing. However, the feasibility and
cost of this standardization and automation
need to be weighed against the added value
of IGRAs over the skin test for serial
testing, especially as the key advantage of an
improved specificity of IGRAs over the skin
test is probably minimal in the setting of
serial testing when an exposure to bacillus
Calmette-Guérin between repeat tests is
unlikely. Although our review primarily
assessed sources of variability for the
QuantiFERON, due to the limited

availability of T-SPOT data, similar
conclusions may apply to the
ELISPOT technique.

Our results also put the results of a one-
off IGRA test into question. As with the
tuberculin skin test, it is important to
interpret test results in the context of the
patient’s risk for tuberculosis, and, given
the limitations of the test, only high-risk
groups should be tested with tuberculin
skin test or IGRA. With the incidence of TB
reaching historic low levels in North
America, most health-care workers might
not be at high risk of TB exposure.
Therefore, regardless of the test used, current
policies on serial testing of all health-care
workers should be reconsidered.

Strengths of our review include
a standard protocol and strict inclusion
criteria (to exclude possible tuberculosis
exposures confounding the results),
availability of quantitative data from most
studies, and the use of a correlated data
analysis. However, our review also has
several limitations. We acknowledge that we
may have missed studies despite the
comprehensive search. We also did not
include an assessment of variability due to
sources in the manufacturing process,
although there is evidence that
QuantiFERON lot-to-lot variability may
occur (49). In addition, low numbers of
subjects tested for some of the variables
limits the precision of our estimates, and

a component of between-subject variability
might confound the estimates of within-
subject variability. Furthermore, the
persistent negative trend on repeat testing
observed with high values could be a result
of the truncation of high values at 10 IU/ml,
a regression toward the mean because
studies oversample people with positive
QuantiFERON results or due to factors that
are biasing the results that have not been
accounted for.

In summary, this review demonstrated
that a substantial number of conversions/
reversions can be observed with repeat
measurement of IGRAs due to factors
inherent to the test that cannot be
controlled. Furthermore, sample-processing
factors, such as delay in incubation and
variations in blood volume, add substantial
additional variability. Our results may
help with the derivation of alternative
cut-offs for IGRA conversions and
reversions, which account for the observed
limitations in reproducibility. Further
standardization of key contributors to
variability may improve IGRA
performance and optimize interpretation
of test results. n
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