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New gamma interferon (IFN-vy) release assays (IGRAs) to detect an exposure to Mycobacterium tuberculosis
have recently been launched. The majority of the studies in temperate-climate countries agree that these
methods have superior specificity and equal or even superior sensitivity over tuberculin skin tests (TSTs) in
the diagnosis of latent tuberculosis (TB) infection (LTBI). However, reproducibility data of IGRAs are virtually
missing. We assessed within-run, between-run, and total imprecision of two commercial IGRAs by testing
samples from subjects with a stable state of TB infection or treated pulmonary TB, a sample from a healthy
volunteer, and internal quality control samples. We calculated coefficients of variance (CV%s) to describe
assays variability and compared the obtained results to the reported CV%s for other commercial immunodi-
agnostic methods. We illustrate an example of assay variability near the cutoff zone to demonstrate the
necessity of a gray zone. Due to the strict adherence to the standard operation procedures (SOP) adopted in
our laboratory, the total imprecision of enzyme-linked immunospot (ELISPOT)- and enzyme immunoassay
(EIA)-based IGRAs was at a maximum CV% of 37.8% for the samples with moderate and high reactivities.
Imprecision of testing samples with very low reactivity levels or nonreactive samples may, however, exceed
100%. In conclusion, despite multiple steps of the method performance, the analytical imprecision of IGRAs,
which in our study design included also between-lot variability and had a component of normal biological
variation, was well in accordance with the reported imprecisions of other manual immunodiagnostic tests. The
recognition of the variability around the cutoff point advocates the use of a gray zone to avoid ambiguous result

interpretations.

Evaluation of immunometric tests for infectious diseases
abides by the same rules as methods for clinical chemistry and
is based on the same general principles (12). Evaluation of
analytical performance includes, among other parameters, re-
producibility data. As a prerequisite for CE mark registration
to get a license to market the products for in vitro diagnostic
use, manufacturers should provide reproducibility characteris-
tics as a part of the overall performance data.

Two new kits, namely, the T-SPOT.TB (Oxford Immunotec,
Oxford, United Kingdom) (8) and QuantiFERON-TB Gold
In-Tube (Cellestis Limited, Carnegie, Victoria, Australia) (www.
cellestis.com/IRM/content/aust/qtfproducts_tbgoldintube
_techinfo-perfparameters.html) kits, have been recently
launched. The kits utilize the ability of sensitized CD8" and
CD4" T lymphocytes to release gamma interferon (IFN-vy)
when stimulated with synthetic peptides specific to Mycobac-
terium tuberculosis and detect exposure to Mycobacterium tu-
berculosis. While the first method measures the frequency of
reactive lymphocytes in the peripheral blood mononuclear
cell (PBMC) fraction, the latter measures the concentration
of released IFN-vy into supernatants. These methods are
collectively called IFN-y release assays (IGRA). Although
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these were launched for diagnostics, clinically relevant infor-
mation on assay reproducibility was available from only one
test series (www.cellestis.com/IRM/content/aust/qtfproducts
_tbgoldintube_techinfo-perfparameters.html) as of May 2009.
From the literature search, we have found only a few publica-
tions that are related to this topic (4, 9, 14), whereas test
sensitivity and specificity have been extensively tested and re-
viewed in recent meta-analyses (7, 10). The importance of the
reproducibility parameter is emphasized by the demand to
assess immunological conversions and reversions, in other
words, a significant decrease in immunological responses that
exceeds the total imprecision of the method. The clinical phe-
nomenon of immunological reversion was reported to associ-
ate with, e.g., successful chemotherapy (2). A spontaneous
reversion, which is a phenomenon that is not yet well under-
stood, may be, indeed, a very important observation meaning
pathogen clearance. However, the decrease in the response
should be well documented and should clearly exceed the
method’s total imprecision. Immunological conversion may
mean a rise in the reactivity that is above the variation of
technical and biological noise. Because the data on reproduc-
ibility are scarce, we assumed that ethical considerations may
have constituted the major obstacle. Indeed, it may be difficult
to obtain an ethical permission to collect blood samples con-
secutively from tuberculosis (TB) patients who may need ur-
gent treatment.

Both ethical considerations and unstable sample material
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make imprecision study of IGRAs difficult. In fact, IGRAs
were the first diagnostic methods to exploit cell-mediated im-
munity and utilize the ex vivo activity of vital lymphocytes. For
example, another recently introduced CE mark-registered test
to evaluate the effect of immunosuppression on the function of
lymphocytes (ImmuKnow; Cylex, Columbia, MD) provides
only repeatability data (results obtained in different laborato-
ries from the same venipuncture). The information on the
between-run imprecision was not yet available in the kit in-
structions as of January 2009. The shortage of information
reflects obvious practical problems in obtaining samples from
critically ill subjects to study between-run imprecision as re-
quired.

Imprecision data represent a very important parameter
when the cutoff point and the width of the gray zone should be
considered. Surprisingly, the interpretation guides for the re-
sults in both IGRA kit inserts do not discuss the topic of
analytical uncertainty, i.e., the variation of a positive response
around the cutoff point. Based on our pilot results, we have
suggested earlier the use of a gray zone (11). This concept has
been introduced recently in only one method (8), albeit with-
out reference to the method imprecision.

The aims of this study were (i) to provide an assessment of
the total imprecisions of both IGRAs, (ii) to assess between-
run imprecisions of both methods by using internal quality
control (QC) samples, and (iii) to demonstrate an example
from our daily routine for the need of a cautious interpretation
of the result falling on a single cutoff point (per manufacturers’
instructions).

MATERIALS AND METHODS

Samples. (i) For the conventional assessment of the total imprecision, we
obtained samples from three people. Sample 1 was from a male donor 63 years
of age who was diagnosed with vertebral TB at 2.5 years of age. The diagnosis
was confirmed by an X ray of his vertebra. He did not receive any antitubercu-
losis therapy then or later. The treatment at that time consisted of rest and
abundant feeding. This subject was almost asymptomatic throughout his later
life, and at the time of the investigation, his status was stable. For the between-
run imprecision data, he attended our laboratory for venipuncture nine times,
with an interval average of 1 week. During one episode of flu, his venipuncture
was postponed. Sample 2 was from a 45-year-old female subject who was born
outside Finland and had pulmonary TB 17 years ago. She received a complete
course of combination antituberculosis treatment. At the time of investigation,
she was asymptomatic. Sample 3 was from a 53-year-old healthy female subject
who was vaccinated but who had no history of exposure to TB. The two female
subjects were laboratory personnel; their venipunctures were taken regularly at
2- to 8-day intervals and were assayed like any other routine clinical specimen.
The blood samples from all participants were taken for the Ly-TbSpot analysis
(11) in 10-ml CTP tubes (BD Diagnostics, Helsinki, Finland) and concurrently in
the three special tubes of the QuantiFERON-TB Gold In-Tube kit with lyoph-
ilized M. tuberculosis antigens to perform the B-TbIFNg test (see below). No
permission from an Ethical Committee for this study was requested, because all
subjects in the study participated voluntarily as health care professionals.

(if) To assess between-run imprecision without either the interference of
biological variation or venipuncture, we used internal quality control samples
that were prepared for our routine practice. It is of note that these samples were
used with different lots of reagents; therefore, the component of between-lot
variability in these experiments cannot be excluded. For the between-run varia-
tion of the enzyme immunoassay (EIA) method in the B-TbIFNg analysis, we
used an artificially prepared sample that mimics a low-positive sample. This
control was prepared by stimulation of the whole blood with phytohemagglutinin
(PHA). The supernatant was obtained by centrifugation and adjusted to the level
of approximately 0.5 IU/ml. Therefore, it contained naturally produced gamma
interferon (IFN-y). This control was then aliquoted, stored in ampoules at
—20°C, and analyzed with each run. The between-run imprecision in the Ly-
TbSpot method was assessed using a sample from a male laboratory doctor who
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was vaccinated. To avoid false-positive reactions, this sample was cryopreserved
in CTL reagents (Cellular Technology Ltd., Shaker Heights, OH) (13), ali-
quoted, and stored in liquid nitrogen before use. According to the manufacturer,
this cryopreservation provides on the average 90% cell viability. In our prelim-
inary experiments with trypan blue staining, we confirmed the manufacturer’s
claims.

(iii) One sample to demonstrate the necessity of cautious interpretation
around the cutoff zone was picked up from our routine laboratory practice. This
was a sample from a 76-year-old female who attended Helsinki University Eye
Disease Hospital for impaired vision in her right eye. She presented with cho-
rioretinitis of uncertain origin; other infection sources of her chorioretinitis were
excluded. A Ly-TbSpot test to study exposure to M. tuberculosis was requested
because she had pneumonia of uncertain etiology in her thirties and her recent
chest X ray showed lesions compatible with earlier TB.

IGRAs. IGRAs were performed according to the standard operation proce-
dures (SOP) adopted for both methods in our laboratory. For each test, we
developed an internal quality control sample, i.e., the preparation resembling the
actual clinical sample that was divided into frozen aliquots and assayed regularly.
No external quality control surveillance is yet established for IGRAs.

The Ly-TbSpot assay is a modified version of the commercial T-SPOT.TB
assay. The complete procedure with modifications was described earlier (11).
Briefly, the modifications include the following. (i) Results are expressed as a
number of reactive spots/10° lymphocytes. The lymphocyte count from isolated
PBMC preparation is calculated with an automated hematologic analyzer (Advia
60; Bayer, Germany) for cell quantification and purity assessment. (ii) An addi-
tional positive control, i.e., purified protein derivative (PPD; Statens Serum
Institut, Copenhagen, Denmark), is used. (iii) A provisional gray zone for the
results falling between 25 and 55 spots/10° lymphocytes is adopted based on our
pilot imprecision test results that showed the average variation around the cutoff
as 40%. The lower limit of the gray zone was calculated as 6 reactive cells (per
the manufacturer) multiplied by 4 and adjusted to 10° lymphocytes, assuming
95% purity of lymphocyte fraction from the PBMCs. On the contrary, the upper
limit was calculated based on a high coefficient of variance (CV%) of 40% and
low purity of the lymphocyte fraction at 65% from the PBMCs. For each test, we
plated 250,000 cells/well. The purity of PBMCs was analyzed for each sample
separately before plating using the hematological analyzer.

The B-TbIFNg test is a modified version of the QuantiFERON-TB Gold
In-Tube assay. The major modification of this method was the replacement of
the original EIA for IFN-y (Cellestis Limited, Carnegie, Victoria, Australia) with
the PeliKine Compact human EIA (Sanquin, Amsterdam, the Netherlands). The
latter gave a steeper calibration curve and ensured more-accurate result inter-
pretation in the cutoff zone (11). In contrast to the original procedure, also with
this test, we adopted a gray zone policy on the basis of our pilot imprecision data.
We interpreted all results showing the reactivity between 0.35 and 0.50 IU/ml as
borderline reactive. Sample 2 presented a very high reactivity that was outside
the linearity of the calibration curve. To ensure an adequate EIA reading, the
supernatants obtained after centrifugation of incubated whole blood with the
specific antigens were diluted 1:30 before every analysis. The dilution coefficient
was then taken into account when reporting the final B-TbIFNg results.

Data recording. For the spot counts in the Ly-TbSpot method, we used auto-
mated evaluation with predefined settings (EliSpot software, version 4.0; AID
GmbH, Strasburg, Germany) enabling elimination of operator-dependent and
operator-caused variability (5). B-TbIFNg results were calculated from the cal-
ibration curve performed with each run. The optical densities were read with
iEMS Reader MF (Labsystems, Helsinki, Finland) at 405 nm.

To demonstrate practical problems of the sample interpretation and the im-
portance of the recognition of the variability around the cutoff in the Ly-TbSpot
method, we selected a representative sample from our routine and recorded the
optical images (see Fig. 1).

Experimental design and data analysis. (i) Calculation of the total impreci-
sion. Within-run imprecisions of the Ly-TbSpot and B-TbIFNg methods were
calculated conventionally as coefficients of variance (CV%s) between replicated
analyses performed from the same venipuncture. The pure component of be-
tween-run imprecision was difficult to assess due to the low viability of lympho-
cytes. We considered that performing multiple venipuctures in one day for the
same person would be unethical. Therefore, we designed the imprecision study
for samples obtained at separate venipunctures with intervals ranging from 2 to
8 days. This design allowed assessment of combined between-run imprecision
and the impact of the variability related to venipuncture, a preanalytical step.
This design might have introduced a component of biological variation. How-
ever, because all volunteers were in a stable clinical state and the knowledge that
the effector memory T (Tgy) cells involved in this analysis are long-lived, we
assumed that the biological variability component had only a marginal effect. The
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TABLE 1. Within-run imprecisions of B-TbIFNg and Ly-TbSpot

Detected IFN-y response”

Sample Method (no. of replicates) CV%
Mean (range) SD
1 B-TbIFNg (10) 2.7 (2.48-2.86) 1U/ml 0.11 TU/ml 44
Ly-TbSpot with AgA (8) 227 (165-290) SFU/10° lymph 40 SFU/10° lymph 17.5
Ly-TbSpot with AgB (8) 310 (267-358) SFU/10° lymph 29 SFU/10° lymph
9.4
2 B-TbIFNg (6) 97 (93-102) TU/ml 2.95 SFU/10° lymph 3.0
Ly-TbSpot with AgA (6) 901 (866-931) SFU/10° lymph 28 SFU/10° lymph 3.1
Ly-TbSpot with AgB (6) 540 (455-668) SFU/10° lymph 73 SFU/10° lymph 13.5

“ SFU/10° lymph, spot-forming units per million lymphocytes.

imprecisions were calculated as the CV%s for antigens A (AgA) and B (AgB)
separately for Ly-TbSpot and for B-TbIFNg. The total imprecisions for the tests
were calculated as described previously (6).

(ii) Calculation of between-run imprecision from quality control samples. We
collected retrospectively results obtained by testing internal quality control sam-
ples and calculated CV%s. This design avoided imprecision caused by biological
variations and venipuncture but introduced additional components in the thaw-
ing of cryopreserved cells and between-lot imprecision.

RESULTS

Assessment of the total imprecision of the Ly-TbSpot and
B-TbIFNg assays. The within-run imprecisions of the two as-
says were assessed for the two levels of reactivities, as shown in
Table 1. The total imprecisions of both assays, evaluating the
components of between-run imprecision, venipuncture, and
short-term biological variation, are presented in Table 2. The
CV%s of the analysis of the healthy volunteer (sample 3) were
far beyond 100%; however, these results have practically no
clinical relevance and represented the variability of back-
ground noise. It is of note that occasionally this sample pro-
duced some reactivity (maximum, 5 spots/10° lymphocytes)
under stimulation with M. tuberculosis-specific peptides. These
responses were, however, far below the set cutoff.

Assessment of between-run imprecision of the Ly-TbSpot
and B-TbIFNg assays using quality control samples. The be-
tween-run imprecision, including a component of the between-
lot imprecision with quality control samples, is shown in Table
3. As shown, the QC sample for the B-TbIFNg analysis pro-
duced a CV% of only 23% when it was analyzed in 89 runs.
This result provided data practically only in the EIA part of the
analysis, but the variation introduced by venipuncture and
sample incubation was not included. Thus, this result may
underestimate the real variation of analysis of low-positive

samples. The variations of the QC samples for the Ly-TbSpot
analysis were higher, but this analysis included also the com-
ponents of cell thawing, washing, and calculations.

Demonstration of the necessity of the gray zone approach.
An image of the Ly-TbSpot analysis from a patient sample with
borderline reactivities in the Ly-TbSpot method is shown in
Fig. 1. As is evident, the blank wells had no reactive spots and
there were only a couple of reactive cells that recognized an-
tigen A (presumably early secretory antigen target-6 [ESAT-
6]). These reactivities were clearly below the cutoff (less than 6
spots/well, per the manufacturer’s instructions). However, a
disparity in reactivities to antigen B (presumably culture fil-
trate protein-10 [CFP-10], another antigen specific for Myco-
bacterium tuberculosis) was observed. Interestingly, the number
of reactive lymphocytes in one well was three (below the cutoff
of the manufacturer), but there were six spots in a replicate
well (at the cutoff that should be interpreted as reactive). In
other words, a single analysis and a strict adherence to the
manufacturer’s interpretation recommendations might have
resulted in a conflicting interpretation of the this sample as
being reactive or nonreactive depending on the result of a
single well that might occur by chance.

DISCUSSION

Here, we demonstrate an example of the total magnitude of
imprecision of the IGRA methods. As far as we are aware, this
is the first report to evaluate IGRA imprecision according to
recommendations adopted for clinical chemistry. The total im-
precision for the Ly-TbSpot and B-TbIFNg assays reached
37.8%. At moderately high and high reactivities, the obtained
variability was surprisingly low, taking into account the multi-

TABLE 2. Total imprecisions of B-TbIFNg and Ly-TbSpot

Data from extended between-run imprecision”

Total imprecision

Sample Method (no. of replicates) Detected IFN-y response V%
CV% ¢
Mean (range) SD

1 B-TbIFNg (7) 3.8 (2.6-6.3) IU/ml 1.45 TU/ml 37.7 37.8
Ly-TbSpot with AgA (9) 204 (153-326) SFU/10° lymph 51 SFU/10° lymph 24.8 31.5

Ly-TbSpot with AgB (8) 308 (189-425) SFU/10° lymph 77 SFU/10° lymph 24.9
26.6
2 B-TbIFNg (6) 135 (95-211) TU/ml 42 TU/ml 31.2 31.2
Ly-TbSpot with AgA (6) 834 (684-1,045) SFU/10° lymph 140 SFU/10° lymph 16.8 17.2
Ly-TbSpot with AgB (6) 486 (385-636) SFU/10° lymph 62 SFU/10° lymph 12.7 19.7

“ SFU/10° lymph, spot-forming units per million lymphocytes.
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TABLE 3. Between-run (including between-lot) imprecisions of the
B-TbIFNg and Ly-TbSpot methods with quality control samples

Method (no. of Detected IFN-y response”

) CV%
replicates) Mean SD
B-TbIFNg (89)  0.71 IU/ml 0.16 IU/ml
23
Ly-TbSpot
Blank (7)° 3.5 SFU/10° lymph 2.5 SFU/10° lymph 73
PPD (7) 940 SFU/10° lymph 296 SFU/10° lymph 32

“ SFU/10° lymph, spot-forming units per million lymphocytes.
® Incubation with culture media only.

ple stages of the analysis. Indirectly, these results imply that no
meaningful biological variation occurred when the clinical con-
dition was stable and when no treatment intervention had
commenced (sample 1). Indeed, this volunteer was healthy
throughout the period of sample collection, with the exception
of a flu episode for which the obtaining of the sample was
postponed. There was no antigenic boosting during the time of
the investigation. This also illustrates an interesting immuno-
logical phenomenon of the longevity of immunological mem-
ory and very slow attrition of the reactive cell pool (sample 2).
One plausible explanation for the acceptably moderate vari-
ability of the Ly-TbSpot method is the advantage of normal-
ization of reading outcome, i.e., the calculation of frequencies
of reactive spots in relation to the purified lymphocyte fraction
(11). A steeper calibration curve adopted for the B-TbIFNg
assay (11) is also advantageous and contributed to the low
variability.

Using a high number of replicates (n = 89), we observed the
between-run imprecision, including a component of the be-
tween-lot imprecision, of B-TbIFNg at the level around the
cutoff of a 23% CV%. It is of note, however, that this design

Blank

Panel B, 6 spots Panel B, 3 spots
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underestimated the variability that comes from the activation
and displays only the variability of the EIA-based analyte de-
termination. The between-run imprecision with a cryopre-
served quality control sample for the Ly-TbSpot was in the
range of an approximate CV% of 30%. This study design, on
the contrary, may have overestimated the imprecision intro-
duced by steps that are usually not involved in clinical sample
analysis, i.e., cryopreservation and thawing, but these steps
were necessary because of the instability of lymphocytes.

Combined, the results show that despite multiple stages of
the analysis (each contributing to the total imprecision), the
obtained CV%s are acceptable for clinical diagnosis, although
they are somewhat higher than the CV%s reported for the
majority of serological methods (Table 4). It is self-evident that
every step of the assay contributes to the total imprecision. For
instance, the calculation of the white blood cell count by using
a blood cell analyzer may add to the total imprecision by a
CV% as high as 2.5% (acceptable imprecision according to the
Advia 60 manual [1]). As a matter of fact, the more robust and
automated the test, the lower the CV%s are, as illustrated by
the comparison of methods that were randomly selected in our
laboratory (Table 4; the data were collected from the kit in-
structions).

The limitation in our study design was attributed to ethical
problems in getting more serial clinical samples for the assess-
ment. The obtained between-run imprecision comprised either
(in theory) a component of short-term biological variation or
additional steps normally not involved in the analysis. The
strength of our approach, however, is that we were able to
assess the total imprecision, including the component of veni-
punctures. We avoided the impact of between-operator impre-
cision and any subjective interpretation because all readings
were performed using the same operator and the same instru-
ment settings.

Panel A

FIG. 1. Illustration of imprecision in the reactive spot counts in the ELISPOT images. The sample was picked up from our routine analysis.
(Upper panel) No reactivity in culture media (Blank, negative control of the kit), with one or two reactive spots under stimulations with antigen
A (Panel A). (Lower panel) Reactivities of six spots under stimulation with antigen B (positive per manufacturer) and three spots in a replicate
well (negative per manufacturer) (Panel B) as well as reactivities to PPD and PHA (positive control of the kit).
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TABLE 4. Comparison of the imprecision data from different laboratory methods”

Method Manufacturer

CV% (no. of replicates)

Within-run imprecision Between-run imprecision imp?eoctizlionb
Glucose, automated (Cobas Integra ~ Roche (data obtained from HUSLAB 0.7-2 (36-188) 1.2-2.4 (36-188) 1.7-3.1
400 Plus) clinical chemistry laboratory
evaluation)
Axsym HIV Ab/Ag Combo, Abbott 3.7-72 4.6-9.3 NR
automated®
TSH receptor autoantibodies, RSR Limited, Cardiff, UK 4.2-5.5 (21) 8.7-8.8 (25) NR
manual method
Anti-Clq autoantibodies, manual Btihlmann Laboratories Ag, 4.4-7.1 7.1-14.3 NR
method Schonenbuch, Switzerland
MPO ANCA, manual method Euro-Diagnostica, Malmé, Sweden 4-12 (8) 4-25 (6) NR
ImmuKnow manual method Cylex, Columbia, MD 7.7-15.6 (5)¢ NR

¢ The data are collected from the manufacturers’ kit instructions. Data for the glucose measurement are taken from the internal evaluation of Cobas Integra 400 Plus

at HUSLAB, Department of Clinical Chemistry.
® NR, not reported.

¢ This study had 10 sites, 10 instruments, and 2 or 3 different lots (total number of replicates, 189).

4 Nonconventional study design.

In this study design, we made several assumptions. First, we
assumed that the responses to antigens A and B are indepen-
dent and are mediated through different clones of reactive T
lymphocytes. Second, we presumed that without any therapeu-
tic intervention that might change the balance between the
antigen, antigen-presenting cells, or cytokine milieu, the fre-
quencies of Tgy, cells are more or less stable. Third, we as-
sumed that the kinetics of attrition of the reactive cell pool
corresponding to the treatment 17 years ago is very slow and
will not influence the results of our imprecision studies. In fact,
biological variation might have had some impact on our re-
sults, but we assumed that the frequencies of Tgy, cells, being
the target of this investigation, although possibly fluctuating,
were possibly at homeostasis because no new antigenic insult,
anti-TB therapeutic intervention, or iatrogenic immunosup-
pression was recorded for our volunteers during the period of
sample collection. We also excluded sample collection during
the flu period to avoid nonspecific lymphocyte activation. In
other words, the CV%s observed in this study were related to
the imprecision caused by multiple stages of the method per-
formance and reflected also normal biological variation. These
results corroborated our previous notion (11) that in IGRAs,
like in other immunodiagnostic methods, imprecision does ex-
ist and should be considered especially at the cutoff point
setting.

The importance of recognition of analytical imprecision
around the cutoff zone for decision making was further illus-
trated by the example taken from our routine practice. Indeed,
this sample could have been interpreted as a positive or a
negative purely by chance. When the method imprecision is
known, ambiguous interpretations, especially around the cutoff
zone, can be avoided. The results of the illustrated case were
reportedly borderline and interpreted as compatible with an
immunological scar of an earlier encounter with M. tuberculo-
sis. In theory, the gray zone might be ranging also below the
cutoff given by the manufacturer. We have no data to evaluate
this point.

In the ELISPOT assay, one of the major impacts on the
reading outcome is the correct definition of what optical image

is considered a spot. Such parameters as size, sharpness, and
roundness of the spots are chosen subjectively by the operator
when calibrating the spot reader. These problems with instru-
ment calibration do not exist in enzyme-linked immunosorbent
assay (ELISA)-based methods, as all ELISA readers measure
optical densities with the same physically defined scale. The
lack of a standard for the definition of the spot inevitably
implies that each laboratory should establish its cutoff point
and the gray zone. It also implies that the numerical results
obtained from different laboratories may not be comparable.
In this study, we used prefixed settings of the ELISPOT reader.
Because the definition of the spot is subjective, we may have
introduced a systematic error, but this error did not affect the
imprecision results.

Imprecision has a decisive influence on the clinical interpre-
tation of the dynamics of IGRA responses. In a recently pub-
lished study (4), immunological responses in children defined
as having LTBI and active TB and in those who were healthy
contacts were monitored. Blood samples were collected from
all tested subjects at regular time intervals. By plotting the
IFN-vy values (from the QuantiFERON) as a function of time,
the researchers concluded that they were able to observe an
increase of the analyte at day 10 of the treatment. In their
interpretation, the increase confirmed the diagnosis while the
decrease at later time points suggested success in the curative
therapy. These results may have indispensable clinical value;
however, the analytical imprecision of the methods was not
addressed. The algorithm rules for decision making regarding
demonstration of an increase or decrease in magnitude remain
unclear.

In another study (14), the assessment of reproducibility in
the QuantiFERON-TB assay was performed when blood sam-
ples were taken from 14 volunteers from India at days 0, 3, 9,
and 12 and analyzed batchwise in two EIA runs with an interval
of 1 week. This study design, however, does not provide infor-
mation on within- or between-run imprecision or the total
imprecision. The numerical values with a clinical judgment for
each donor were presented, and 2/14 (14%) discordant results
(change of “positive” interpretation to “negative”) were ob-
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served. Upon repetition of the analysis, the discordant results
could not be confirmed. It is noteworthy that there were, how-
ever, considerable variations in the numerical IFN-y values
throughout all measurement time points. Without awareness
of the total imprecision of the method, these discordances may
be taken as a biological phenomenon and may be erroneously
interpreted as an immunological reversion.

In the most recent relevant publication, a short-term repro-
ducibility study of the QuantiFERON-TB Gold In-Tube assay
was presented (3). Only two venipunctures were taken, at an
interval of three days. The authors considered the method to
be robust and reproducible and concluded that considerable
variability was due to intraindividual variations. However, an
alternative explanation that many discordant results (5 out of
27) could have been due to the method itself and not due to the
human biology was not presented. In our opinion, the immune
system is at homeostasis at least within the three consequent
days if not challenged, and the observed variability was most
likely related to the variability of the method.

In conclusion, although IGRAs have made a great break-
through in our current arsenal of diagnostics of LTBI, nearly
none of the published studies have thoroughly assessed their
results through the prism of assay variability. We advocate
more studies on imprecision and an acceptance of a concept of
the gray zone to avoid interpretation ambiguities.
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