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Background: The standardized blood-based TB antigen-specific T cell assay, T-SPOT.*TB,

is ~10% more

sensitive than QuantiFERON®-TB-GIT (QFT-GIT) in detecting presumed latent TB infection (LTBI). Whilst
T-SPOT.®TB uses a fixed number of lymphocytes per well, QFT-GIT wuses a fixed volume of blood (~1 mL).
However, the person-to-person lymphocyte count can vary by 2 to 3 fold. We hypothesized that this

variability could explain the reduced sensitivity of QFT-GIT. The findings could have potential implications

for improving case detection.

Methods: T-SPOT.®TB was compared to QFT-GIT readouts before and after normalization of
lymphocyte count (by adjusting the blood volume or lymphocyte enrichment within a fixed 1 mL volume) to

an arbitrary value of 2.5x10° cells/mL. Within-test variability was evaluated to meaningfully interpret results.

Results: In patient-specific optimization experiments IFN-y concentrations significantly increased when QFT-

GIT positive samples were enriched with increasing concentrations of lymphocytes (1x10° vs. 2.5x10° cells/mL).

However, for the group as a whole lymphocyte enrichment whilst maintaining a ~1 mL volume, compared
to un-enriched samples, did not significantly increase IFN-y [median (range): 0.03 (0-4.41) vs. 0.20 (0-2.40)
IU/mL; P=0.64]. There was also no increase in IFN-y readouts when QFT-GIT lymphocyte numbers
were corrected (to 2.5x10° lymphocytes/mL) using volume adjustment. Interestingly, adjusted values were
significantly lower than unadjusted ones [median (range): 0.02 (0-12.93) vs. 0.09 (0-14.23) IU/mL; P=0.008].

Conclusions: In QFT-GIT negative subjects lymphocyte enrichment did not increase QFT-GIT
positivity rates. The reduced clinical sensitivity of the QFT-GIT assay, compared to T-SPOT.®TB, is likely

to be due to factors other than lymphocyte count alone. Further studies are required to clarify these findings.
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Introduction tuberculosis infection (1-4). The two commercially available

Interferon gamma release assays (IGRAs) utilizing

RD-1 antigen-specific peripheral blood T-lymphocyte

IGRAs: T-SPOT.®TB (Oxford Immunotec Ltd, Oxford)
and QuantiFERON®-TB Gold In-Tube assay (Cellestis

IFN-Y responses have been developed as more Speciﬁc Ltd., Carnegie) have different technical and performance
diagnostic tests, compared to the TST, for presumed latent characteristics. The T-SPOT.®TB is an ELISPOT
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assay that requires same day processing (if not using the
proprietary T cell Xtend) and isolation of peripheral blood
mononuclear cells (PBMC), which are seeded into antigen-
containing wells at a pre-determined concentration (2.5x10°
mononuclear cells/well). The assay is therefore enriched for
lymphocytes.

By contrast, the QuantiFERON®-TB Gold In-Tube
(QFT-GIT) assay, which is more user-friendly, uses 1 mL
of whole blood per tube. There is no standardization of the
lymphocyte count, which can vary up to 2 to 3 fold in healthy
individuals (1) and even more in immunocompromized
individuals (2). This reduced proporton and number of IFN-
y-secreting lymphocytes may influence test performance.
Indeed, meta-analyses have shown that the QFT-GIT assay
has significantly lower sensitivity than the T-SPOT.®TB
assay (3-6). Furthermore, the rate of indeterminate reactions
between the assays varies between recent meta-analyses and
may have a similar genesis (4-8).

Nevertheless, several other reasons may explain the
difference in performance characteristics between the
assays. These include selection of the assay cut-point
(9-11), technical differences inherent in the type of
immunological technique, and antigens used (ELISPOT
vs. ELISA) including the length of the peptides, and the
composition of the antigen cocktail used (QFT-GIT uses
TB 7.7 in addition to RD-1 antigens). However, here we
address the variability in lymphocyte count alone. We
hypothesized that adjusting the lymphocyte count, either
by volume adjustment or by lymphocyte enrichment, while
maintaining the volume at 1 mL in the QFT-GIT tubes
would increase the proportion of IFN-y-producing effector
cells and hence improve the sensitivity of the QFT-GIT.
According to the updated CDC IGRA guidelines (12) and a
review of research priorities for IGRAs (13), addressing this
question is considered to be important.

Materials and methods

Blood was drawn from participants enrolled in a health care
worker screening study (n=26) and HIV positive subjects
attending clinics for TB screening (n=10). Ethical approval
was granted by the University of Cape Town Health Sciences
Faculty Research Ethics Committee. The T-SPOT.®TB
test, an unadjusted QFT-GIT assay (1ml drawn directly
into vacuum collection tubes), and QFT-GIT assay adjusted
for lymphocyte count were performed according to the
manufacturer’s instructions. Categorical variables were
compared using the X’ test and continuous variables were
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compared using Student’s ¢-test where appropriate, with
Mann-Whitney used for non-parametrically distributed
continuous variables (Graphpad Prism, Version 5.03 and
Open Epi, Version 2.3.1 were used).

To directly evaluate the effect of variation in lymphocyte
count on the QFT-GIT assay, blood was drawn from
5 participants known to be QFT-GIT positive, and their
lymphocytes were isolated and concentrated. The concentrated
lymphocytes were diluted in RPMI to a total volume of 1ml in
QFT-GIT tubes to get adjusted lymphocyte counts of 1x10°,
2x10° 2.5x10°% 3x10° and 4x10° per tube respectively.

Optimization experiments were performed in 5 subjects, to
ensure that vacuum-filling vs. syringe-filling did not impact on
the results. To directly evaluate the effect of antigen dilution on
IFN-y responses 1 ml of whole blood was diluted (1.6, 2.0, and
2.5 fold) with AIM-V (GIBCO) in three participants. To assess
antigen dilution without volume change, aliquots of a solution
containing ESAT-6 overlapping peptides (Oxford Immunotec)
were added to a fixed number of cells (250,000 per well) in
150 uL of serum free medium (1x and 0.4x concentration of
antigen). In parallel the T-SPOT.®TB assay was performed
according to the manufacturer’s instructions using 250,000
PBMC:s per well.

To meaningfully compare within-test results (multiple
samples taken from the same patient at the same time) we
conducted experiments to evaluate test-retest variability
in four subjects (in each subject 3 antigen, mitogen and nil
tubes were sequentially taken at the same time). Thus there
were 24 observations in the data set. Within-test variability
was calculated by determining the mean + standard deviation
(SD) for all subjects. Expressing this SD value as a percentage
enabled calculation of the 95% confidence intervals (2SD)
and hence test variability. The same experienced technician
who was blinded to the patient identities performed all the
QFT-GIT and T-SPOT.®TB assays.

Increasing lymphocyte count by concentration requires
a dedicated laboratory. We therefore assessed volume-
based lymphocyte adjustment in QFT-GIT, by adding an
appropriate volume of whole blood, to each tube to achieve
a standardized lymphocyte count of 2.5x10° lymphocytes
per tube based on the lymphocyte count from a specimen
drawn at the same time of day (9 am). Volume based
corrections would be practically easier. For example if the
whole blood lymphocyte count was 2x10°/mL then the final
volume was adjusted to 1.25 mL by using a syringe to add
the required volume to the QFT tube.

To determine the effect of adjusting the lymphocyte count
in QFT-GIT tubes while keeping the volume at ~1 mL
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Figure 1 Interferon gamma responses in 4 subjects who each had three separate sets of QuantiFERON®-TB Gold-IT tubes sequentially

taken at the same blood draw (9 tubes per subject and 36 tubes in total), and processed by the same operator. Within-test variability of TB

antigen (A) and mitogen (B) responses is depicted with median and ranges shown as horizontal lines.

(the manufacturer recommends that the tube may be filled
with between 0.8 and 1.2 mL of blood), lymphocytes were
isolated, concentrated and then added to each QFT-GIT
tube to bring up the count to an arbitrarily-selected total
count of 2.5x10° per tube in 16 participants. This means
that the experiment could only be performed on those
participants who had a 9 am total lymphocyte count of less
than 2.5x10%/mL.

Results
Test-retest variability

To meaningfully interpret downstream results test-retest
variability was first quantified. All subjects (n=4) were
QFT-GIT positive with an IFN-y level (antigen minus nil)
ranging from 1.04 to 2.03 IU/mL. The variability (SD) of
each within-test triplicate was first determined. The mean
of the four SD (expressed as a %) was 22.5%. Therefore
the 95% CI (2SD) of the mean variability was £45% of any
given IFN-y value (Figure I).

Effect of in-vitro lymphocyte enrichment (within a ~1 mL
volume) in QFT positive samples

Three out of 5 subjects showed an increasing IFN-y
concentration with increasing lymphocyte count. Overall,
there was an increase in IFN-y production up to a
lymphocyte count of 2.5x10°/mL (P=0.03 compared to
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1x10°/mL), which appeared to plateau at higher lymphocyte
counts (Figures 2,3).

Impact of different tube-filling metbods, volume
adjustment and reduction in antigen load

The impact of syringe vs. vacuum-based filling of the QFT-
GIT tubes was evaluated. Readouts were similar 0.82 (0-14.20)
vs. 0.92 (0-14.00) IU/mL in 1ml directly vacuum (during
phlebotomy) vs. syringe-filled tubes. Next the impact of
volume dilution and antigen load was assessed. Over a range
of dilutions (1 to 2.5 fold dilution of 1 mL of blood with
medium) there was a roughly 2.5 fold reduction in IFN-y
concentration: 0.99 (0.31-3.20) vs. 0.39 (0.18-0.40) TU/mL
but this did not reach statistical significance (P=0.25). When
cell number and volume were maintained, but only antigen
load (using serial dilutions of ESAT-6) IFN-y remained
constant 0.17 (0.03-0.79) at (1x) of antigen and 0.19 (0.07-0.78)
at (0.4x) of antigen (P=0.4).

Lympbocyte envichment by blood volume expansion

The median (range) peripheral blood white cell count (WCC)
was 6.9 (3.8-14.8) x10°/L (Siemens ADVIA 2120 automated
cell counter). The median (range) adjusted volume of the
QFT-GIT assay to achieve a lymphocyte count of 2.5x10%mL
was 1.42 (0.96-3.33) mL per tube. This was significantly
higher in the HIV positive compared to the HIV negative
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Figure 3 Mean (SEM) interferon gamma concentrations (I'B Ag — nil)
in QFT-positive subjects (n=5) after volume-independent
lymphocyte enrichment. The dotted horizontal line depicts
the 0.35 IU/mL positive cut-point whilst the grey shaded zone
depicts calculated ‘within-test’ variability of the mean value for the
unadjusted tubes.

group 1.82 (1.08-3.33) wvs. 1.17 (0.96-1.62) mL (P<0.001).
Seven of the 20 subjects 35%) were QFT-GIT positive
and 9/20 (45%) T-SPOT.®TB positive. Two subjects
“converted” across the 0.35 IU/mL cut-point from positive
to negative after volume adjustment (7able 1); both results
decreased by more than the 45% i.e., than what would be
expected by “test-retest variability” (Figure 4).

After adjusting for the lymphocyte count, the median
(range) IFN-y concentration (IU/mL) was significantly
lower in the adjusted samples 0.02 (0-12.93) vs. 0.09
(0-14.23) TU/mL (P=0.008); when this result was stratified
by HIV status, no difference was seen. The total IFN-y
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production (IFN-y per tube), however, was unchanged in
the volume-adjusted tubes. The median (range) of IFN-y
per lymphocyte (IU/lymphocyte) was significantly lower in
the adjusted samples 1.38x10™ vs. 5.5x10™ TU/lymphocyte
(P=0.008) (Figure 4). In summary, lymphocyte adjustment
by volume increase did not increase the IFN-y
concentration or total IFN-y per tube.

Lympbocytes enrichment whilst keeping the volume of
blood constant (~1 mL)

The median (range) laboratory WCC was 7.0 (4.8-12.4)
x10”/L and the median (range) laboratory total lymphocyte
count (TLC) was 2.15 (1.30-3.39) x10’/L.. Five participants
(#24, #30, #33, #34, #36) had TLC >2.5x10°/L and could not
be used for this experiment. The median [range] volume of
concentrated lymphocytes that was added to the QFT-GIT
tubes was 261 [82-621] pL per tube. When unadjusted
for lymphocyte count 2/10 subjects were QFT positive.
One subject (#21) “converted” across the 0.35 IU/mL
cut-point from negative to positive after lymphocyte count
adjustment. There was no significant difference in the
median (range) IFN-y concentration (IU/mL) between
the adjusted and the unadjusted samples 0.02 (0-4.41) vs.
0.10 (0-2.40) IU/mL (P=0.64) (Table 2).

Discussion

The apparently poorer sensitivity (and higher indeterminate
rate) of the QFT-GIT assay compared to T-SPOT.®TB,
now confirmed in meta-analyses, may compromise
its utility in clinical practice and, in particular, in
immunocompromized patients (4,8,14,15). Although several
explanations have been proposed for the poorer sensitivity
of the QFT-GIT assay there are few data investigating these
possibilities. We hypothesized that the poorer sensitivity
of the QFT-GIT is due to relatively reduced numbers of
IFN-y-secreting lymphocytes related to the more than
2 fold natural variation in individual blood mononuclear cell
counts. Thus, the sensitivity could potentially be improved
by adjusting the lymphocyte counts in QFT tubes. We
serially enriched the lymphocyte count in confirmed QFT
positive participant samples to demonstrate that higher
numbers of sensitized T cells result in more IFN-y. We
then enriched the lymphocyte counts either by adding
blood (a more practical option) with a resultant volume
increase or by lymphocyte enrichment while maintaining
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Table 1 Comparison of test results for QuantiFERON®-TB GIT (unadjusted and volume adjusted), T-SPOT.®TB, tuberculin skin test,
and CD4 T cell count (in HIV positive participants)
Unadjusted QFT GIT* Adjusted QFT* (median

T-SPOT.®TB" (2.5x10° cells

Subject 1 mL volume (IU/mL) volume 1.42 mL) (IU/mL) per well)* [SFC/well] TST (mm) D4 T cell count
1 Positive (3.29) Positive (3.27) Positive [6] 15.5 Not applicable
2 Positive (0.68)" Negative (0.26)" Positive [7] 22.0 Not applicable
3 Negative (0.11) Negative (0.02) Negative [1] 9.0 Not applicable
4 Negative (0.00) Negative (0.00) Negative [0] 25.0 Not applicable
5 Positive (>10.00) Positive (2.97) Positive [22] 19.0 Not applicable
6 Positive (1.64) Positive (0.80) Positive [6] 19.0 Not applicable
7 Positive (>10.00) Positive (>10.00) Positive [92] 11.0 Not applicable
8 Negative (0.05) Negative (0.01) Negative [0] 1.0 Not applicable
9 Positive (0.96) Positive (1.67) Positive [9] 22.5 Not applicable
10 Negative (0.08) Negative (0.02) Negative [0] 21.5 Not applicable
11 Negative (0.02) Negative (0.01) Negative [3] 6.0 139

12 Indeterminate (0.16)* Negative (0.05)" Negative [0] 0.0 70

13 Negative (0.00) Negative (0.00) Positive [6] 12.0 178

14 Negative (0.02) Negative (0.00) Negative [1] 0.0 300

15 Negative (0.00) Negative (0.00) Negative [1] 0.0 147

16 Negative (0.15) Negative (0.01) Positive [6] Not available 82

17 Negative (0.02) Negative (0.02) Negative [1] 0.0 99

18 Negative (0.01) Negative (0.00) Negative [3] 6.0 124

19 Negative (0.01) Negative (0.02) Negative [4] 0.0 54

20 Positive (1.35)" Negative (0.22)* Positive [8] 0.0 Not available

Dichotomous (positive/ negative) results are presented in each column with the magnitude of IFN-y readout (concentration or spot count per
well). Subjects 1-10 HIV uninfected, 11-21 HIV positive. *, manufactures cut point of >0.35 IU/mL and 6 SFC/well (spot forming cells per well)
used to define positive and negative; *, highest spot count reported as SFC/well. Participants in whom there was a categorical change in the
result between the unadjusted and adjusted QuantiFERON®-TB GIT tubes, beyond that expected for within-test variability is highlighted by *.
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Figure 4 Interferon gamma (IFN-y) responses in volume-unadjusted and adjusted QuantiFERON®-TB GIT assays: (A) IFN-y
concentration; (B) total IFN-y production per tube; (C) IFN-y production per lymphocyte (total production divided by total number of
lymphocytes in adjusted volume). The “within-test variability” i.e., “uncertainty zone” is depicted as the shaded area. Median values are

marked with a short line.
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Table 2 Comparison of test results for QuantiFERON®-TB GIT (lymphocytes count adjusted vs. lymphocyte count unadjusted with
fixed volume ~1,000 pL)

Automated reference laboratory values

QuantiFERON®-TB GIT unadjusted and adjusted values

Subject
) Total white cell count Total lymphocyte count  Assay lymphocyte count Nil Mitogen-nil TB antigen TB antigen-nil  Result

Unadjusted 0.08 >10 0.22 0.14 Negative
21 6.76 2.22

Adjusted 0.63 >10 0.48 -0.15 Negative*

Unadjusted 0.12 >10 0.19 0.07 Negative
22 6.20 1.47

Adjusted 0.12 >10 0.14 0.02 Negative

Unadjusted 0.14 >10 0.27 0.13 Negative
23 5.70 1.49

Adjusted 0.21 >10 0.19 -0.02 Negative

Unadjusted 0.06 >10 0.13 0.07 Negative
24 9.37 2.64

Adjusted Not possible as lymphocyte count >2.5x10%/mL

Unadjusted 0.11 >10 0.08 -0.03 Negative
25 8.73 1.61

Adjusted 0.14 >10 0.15 0.01 Negative

Unadjusted 0.11 >10 0.17 0.06 Negative
26 6.78 2.24

Adjusted 0.04 >10 0.13 0.09 Negative

Unadjusted 0.15 >10 0.48 0.33 Negative
27 5.01 1.41

Adjusted 3.25 >10 0.42 -2.83 Negative*

Unadjusted 0.10 >10 0.61 0.51 Positive
28 6.53 1.57

Adjusted 0.03 >10 0.42 0.39 Positive

Unadjusted 0.33 >10 0.20 -0.13 Negative
29 6.29 1.90

Adjusted 0.16 >10 0.11 -0.05 Negative

Unadjusted 0.08 >10 0.20 0.12 Negative
30 12.39 3.04 .

Adjusted Not possible as lymphocyte count >2.5x10°/mL

Unadjusted 0.13 >10 0.14 0.01 Negative
31 6.63 1.84

Adjusted 0.07 >10 0.10 0.03 Negative

Unadjusted 0.11 >10 >10.00 >10.00 Positive
32 4.80 1.30

Adjusted 0.06 9.98 >10 9.99 Positive

Unadjusted 0.10 >10 1.03 0.93 Positive
33 7.40 2.70

Adjusted Not possible as lymphocyte count >2.5x10%/mL

Unadjusted 0.10 >10 0.74 0.64 Positive
34 8.57 3.07

Adjusted Not possible as lymphocyte count >2.5x10%mL

Unadjusted 0.12 >10 2.52 2.40 Positive
35 5.09 1.49

Adjusted 0.10 >10 4.51 4.41 Positive

Unadjusted 0.68 >10 5.71 5.03 Positive
36 9.40 3.39 .

Adjusted Not possible as lymphocyte count >2.5x10°/mL

*, high background nil value after adjusting may reflect contamination.

the volume in QFT-GIT tubes to ~1 mL (requiring a
specialized laboratory).

There was an increase in IFN-y production peaking
at a lymphocyte count of 2.5x10° when increasing
numbers of lymphocytes were added to the QFT
tubes. This suggests that 2.5x10°/mL may be the

© Journal of Thoracic Disease. All rights reserved.

optimum lymphocyte concentration for the QFT-
GIT assay. Lymphocyte adjustment, in a cohort of
patients undergoing TB screening, either by addition of
whole blood or concentration of lymphocytes, did not
increase the number of positive subjects significantly.
Thus, lymphocyte-independent factors seem to be more
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likely to explain the lower sensitivity of the QFT-GIT
assay. These might include the inherent nature of the
technique [ELISPOT can detect IFN-y at cellular level (16)],
the assay-specific antigen concentration, the antigen
cocktail used (10,13), or a combination of these factors.
Indeed, this may explain the discordant results for the
2 assays (positive vs. negative and the magnitude of positivity
as shown in Table I). The most likely explanation, however,
and given our results, is selection of assay cut-point.
Thus, lowering the QFT-GIT cut-point may improve
sensitivity with a slight reduction in specificity (17,18),
improve inter-assay agreement (10) and impact on the
proportion of conversions and reversions (19). However,
choosing the optimal cut-point will depend on clinical
context e.g., avoiding unnecessary treatment in latent TB
infection (LTBI) screening programs may require greater
specificity whilst screening for active TB requires a higher
sensitivity. Thus, further work is required to evaluate the
effect of cut-point selection on test outcomes in different
clinical contexts (13).

To ensure that the observed changes were not due to
random variability we first quantified test-retest variability
(testing repeated in the same subject at a single time-point).
There are hardly any independent published data about
within person (20) and test-retest (instrument) variability (20)
and, to our knowledge, none about test-retest (operator)
variability. Our preliminary data suggest that +45% of any
given IFN-y value explains 95% of the within-test variability
if the test is repeated immediately (same blood draw).
Significant variability is also documented where automated
vs. manual processing is undertaken (21) repeat testing is
done on the same samples or over a period of time (22-24).
These studies also demonstrate the significant variability
over time, especially around the cut point in serially tested
individuals (22-24).

The volume-adjusted IFN-y concentration and IFN-y
per lymphocyte was paradoxically reduced despite higher
lymphocyte counts per tube. In separate experiments
changes in antigen dilution or volume, and test-retest
variability did not satisfactorily explain these results. We
speculate that some of these paradoxical changes may be
explained by a lower level of receptor saturation in the
adjusted tubes, which may result in a failure to turn off
inhibitory immunological pathways including modulators
of IFN-y production such as IL-9, IL-10, TGF-B, or
regulatory T cells (25). Nevertheless, these changes often
occurred well below the assay cut-point, were in many cases
within the limits of test-retest variability, and the effect
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disappeared when results were stratified by HIV status.
Thus, although statistically significant, they are unlikely to
be biologically meaningful or clinically significant.

In the study design, we initially chose a ‘correction’
method that would potentially be feasible in clinical practice
and hence a protocol that did not require separation of
PBMCs. Volume adjustment is a convenient method
allowing the addition of whole blood to the QFT tubes
within an hour of blood sampling. The drawback to this
approach is that we were unable to increase the numbers of
cells without a significant increase in volume.

There are several limitations of our study. The serial
lymphocyte enrichment experiments were conducted
using RPMI and the results when using whole blood,
which contains immunosuppressive cells, may have been
different. Another limitation is the small number of test
subjects evaluated and hence type 2 error. It is possible that
a larger cohort of patients would have shown improvement
in sensitivity with adjustment of lymphocyte count. We
feel this is unlikely for two reasons. The IFN-y level (total
or concentration) did not increase significantly in a single
individual despite up to a more than 3 fold correction of
lymphocyte count. Secondly, 1 mL of blood in the QFT
tube has more PBMCs (~1 million PBMC) and hence
lymphocytes, even with a 2 fold variation in counts, than
the T-SPOT TB well (250,000 PBMC).

In summary, the reduced sensitivity of the QFT-GIT
assay is likely to be due to factors other than lymphocyte
count alone. Larger studies in different settings are now
required to confirm and clarify our findings.
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