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ABSTRACT

Following a large scale contact investigation, individuals with a positive tuberculin
skin test (TST) result were offered preventive tuberculosis treatment. This allowed
us to investigate both the effect of isoniazid (INH) treatment as well as the effect of
time on interferon gamma release assays (IGRA) results during follow-up.

TST positive subjects (N=122) detected during the large scale contact investigation
were included. During 2 years blood was obtained every six months to perform
both blood tests.

Preventive INH treatment was completed by 36/122 (29.5%) of the individuals,
71/122 (58.2%) were followed with 6-monthly X-ray screening and 15/122 (12.3%)
did not complete INH treatment. The overall percentage of individuals with a
positive result remained stable during the 2 years at approximately 45-50%, but
individual responses could vary over time. The majority of initially low IGRA results
remained below the cut-off value, initially high IGRA results remained positive
while initially intermediate IGRA results were followed by more dynamic patterns.
This study showed a highly variable pattern of IGRA responses over time and
suggests limited value for their use during follow-up of latently-infected individuals.
However, the significance of different kinetic patterns observed among subjects
with initially intermediate IGRA results warrants further study.



IGRA during follow-up of TB contacts

INTRODUCTION

Since Mycobacterium tuberculosis (MTB) specific interferon gamma release
assays (IGRA) QuantiFERON-TB Gold in-tube (QFT-GIT, Cellestis Ltd., Carnegie,
Australia) and T-SPOT. TB (Oxford Immunotec, Abingdon, Oxon UK) have become
available, numerous studies using these tests have been published (1-9). These
have clarified the main characteristics of these assays, but also raised new
questions regarding their use in daily practice (10-14). The main advantage of
IGRA over the tuberculin skin test (TST) is the use of MTB-specific antigens ESAT-6
and CFP-10 (and additionally TB7.7 in QFT-GIT) (10;15;16). The TST, in contrast,
uses purified protein derivative (PPD) which is a crude mixture of TB antigens
and may cause a false-positive TST response due to vaccination with Bacillus
Calmette Guérin (BCG) or exposure to nontuberculous mycobacteria (NTM).
The lack of false-positive responses is the main advantage of IGRA. One of the
unclear issues relates to their value for follow-up during treatment, as was pointed
out previously (14;17). Thus far, reports on follow-up data during treatment mainly
considered patients with active TB, and these have been inconsistent. Thus, it
remains unclear whether IGRA can be used to monitor success of treatment and
what conversions and/or reversions signify (18).

During alarge-scale contactinvestigationin 2005, more than 400 BCG unvaccinated
supermarket customers who had been exposed to a highly contagious employee
had a positive TST result(19;20). They were offered preventive treatment, consisting
of six months of isoniazid (INH) therapy or, in persons declining treatment, two
years radiographic follow-up as an alternative. In the present study, we aimed to
follow patients who were diagnosed with LTBI (TST = 15 mm) in order to compare
the effect of INH treatment as well as the effect of time on IGRA results. Because
most subjects had also participated in the study that took place during the large
scale contact investigation in 2005, pretreatment IGRA results of these individuals
were available (19).

SUBJECTS AND METHODS

Study design

Individuals with a positive TST (defined as > 15mm as explained in (19)) during
the large scale contact investigation in February 2005 were invited to participate
in this study. Blood was drawn half-yearly for two years starting September 2005
and ending April 2007. Time points are referred to as OM (time of the previous
study during the contact investigation), 6M (6 months later at the start of the
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present follow-up study), 12M, 18M and 24M (figure 1). Participants completed
a questionnaire regarding frequency of visits to the supermarket and potential
exposure to NTM.

The Ethical Review Board of the Leiden University Medical Center approved
the study protocol (Protocol number P05.53). All participants provided informed
consent.

Large-scale contact investigation
>400 TST positive

Follow-up period of TST positive individuals
blood sampling

infectious period
index patient ﬂ ﬂ ﬂ ﬂ
—p

I"2004 I"2005 12006 12007 I

Figure 1. Time schedule
Time line of events of this study.

Procedures

Blood was drawn at the Municipal Health Authority and transported to
Diakonessenhuis in Utrecht for T-SPOT. TB and to Leiden University Medical Center
for QFT-GIT. Assays were performed following the manufacturers instructions as
described in the previous study (19).

Statistics

The agreement and disagreement between assays were investigated with kappa
statistics and McNemar'’s test, respectively. ANOVA for repeated measurements
was used to determine whether individual IGRA responses varied over time.
Paired T-Test was used to compare results in the T-SPOT.TB panels for 6M and
24M. Two-sided P values <0.05 were considered statistically significant.
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RESULTS

Study population

In total, 122 individuals participated in this study. Preventive INH treatment was
completed by 36/122 (29.5%) individuals, 71/122 (58.2%) were followed during
2 years by X-ray and 15/122 (12.3%) had started INH treatment but stopped
prematurely because of side effects. When comparing the cumulative shopping
time, as measure of exposure to the index patient, there were no significant
differences between INH treated individuals and those with radiographic follow-
up (P=0.44). Table 1 shows the characteristics of individuals with or without
INH treatment. As of September 2007, none of the participants of this study had
developed active TB. The first blood sample was obtained either at OM or at 6M.
Seventy-eight (63.9%) individuals had participated at OM (19). A total of 109
(89.3%) participants donated blood at 6M, 70 (57.4%) at 12M, 49 (40.2%) at 18M
and 87 (71.3%) at 24M. Blood was obtained at all four follow-up time points 6M,
12M, 18M as well as 24M in 23 (18.9%) individuals, of whom 15 (12.3%) had also
participated during the contact investigation (OM).

Table 1. Characteristics of the study population.

N=36 N=15 N=71
TST result (mm) 17.8+3.9 19.1+34 18.1+5.1
Age (y) 36.9+13.1 43.4+11.8 47.2+12.2
No. (%) of men 9 (25.0) 3(20.0) 40 (56.8)
Cumulative shopping time
(range in minutes)
1-300 7(21.2) 5(38.5) 15 (27.7)
301-600 5(15.2) 1(7.7) 4(7.4)
601-1200 9 (27.3) 1(7.7) 14 (25.9)
1201-2400 10 (30.3) 6 (46.2) 14 (25.9)
> 2400 2(6.1) 0(0.0) 7 (13.0)

Abbreviations; TST: Tuberculin Skin Test.
Data are expressed as mean + SD or No (%)
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QuantiFERON-TB Gold in-tube

The overall percentage of individuals with a positive QFT-GIT result remained
stable during the 2 years at around 45% (Table 2). Using ANOVA for repeated
measurements for the 15 individuals with QFT-GIT results at all time points and for
the 23 with results from 6M until 24M, no significant relationship between follow-up
time and QFT-GIT responsiveness could be distinguished. Also, when applying
McNemar’s test comparing initial test result with the result at 24M, no significant
difference was observed. Results were not different between subjects of whom
a OM value was available compared to those who were first included at 6M. All
available individual QFT-GIT results are shown in Table 3.

When individual patterns of QF T-GIT results were evaluated, all possible variations
were observed. However, common patterns were distinguished when the initial
QFT-GIT result was divided into three categories. When the initial QF T-GIT result
was low (< 0.25 1U/ml) the majority of follow-up results stayed below the cut-
off value of 0.35 IU/ml. When the initial QFT-GIT result was > 4 1U/ml, results
remained positive and well above the cut-off value. When the initial QFT-GIT
result was > 0.25 and < 4 |[U/ml more dynamic patterns were distinguished (Figure
2). Moreover, these patterns were similar for the two patient groups with INH and
radiographic follow-up.

Table 2. IGRA results

N=36* N=15* N=71* N=122*
OM  QFN 11/22 (50.0)  4/11(36.4)  17/45(37.8)  32/78 (41.0)
TSPOT  12/22(54.5)  5/0(50.0)  21/45(46.7)  38/77 (49.4)
6M  QFN 11/29 (37.9)  7/15(46.7)  30/65(46.2)  48/109 (44.0)
TSPOT  17/29(58.6)  7/15(46.7)  32/65(49.2)  56/109 (51.4)
12M  QFN 7/16 (43.8) 5/11 (45.4)  21/43 (48.8)  33/70 (47.1)
TSPOT  9/16 (56.2) 6/11 (54.5)  20/42 (47.6)  35/69 (50.7)
24M  QFN 11/27 (40.7)  5/11(45.4)  24/49 (49.0)  40/87 (46.0)

TSPOT 13/27 (48.1) 4/9 (44.4) 23/48 (47.9) 40/84 (47.6)

Abbreviations; M: months; QFN: Quantiferon-TB Gold in-tube; TSPOT: T-SPOT.TB;
INH: isoniazid

* Total number of participants in each group. The number of participants differs for
each time point.
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Table 3. Individual QuantiFERON TB Gold in-tube and T-SPOT.TB results in all study

participants.
No. Assay Cat. * oM 6M 12M 24M
1 QFT-GIT-GIT CN Neg -0.01 Neg 0.00 Neg 0.00
T-SPOT.TB CN Neg 1 Neg 0 Neg 2
2 QFT-GIT-GIT CN Neg -0.01 Neg 0.00 Neg -0.02 Neg 0.00
T-SPOT.7B CN Neg 5 Neg 1 Neg 0 Neg 0
3 QFT-GIT-GIT Rev Pos 1.44 Neg 0.12
T-SPOT.TB CP Pos 30 Pos 11
4 QFT-GIT-GIT CP Pos 2.99 Pos 2.60 Pos 6.75
T-SPOT.TB CP Pos 25 Pos 40 Pos 13
5 QFT-GIT-GIT CN Neg -0.18 Neg 0.02
T-SPOT.TB CN Neg 2 Neg 1
6 QFT-GIT-GIT Rev Pos 0.63 Neg 0.16 Neg 0.16
T-SPOT.TB Rev Pos Pos 8 Neg 2
7 QFT-GIT-GIT Conv Neg 0.15 Pos 0.53 Pos 0.61
T-SPOT.TB Conv Neg 1 Pos 8 Pos 6
8 QFT-GIT-GIT CN Neg -0.01 Neg 0.00
T-SPOT.7B CN Neg 0 Neg 0
9 QFT-GIT-GIT CN Neg -0.03 Neg 0.04 Neg 0.05
T-SPOT.TB CN Neg 0 Neg 0 Neg 2
10 QFT-GIT-GIT CN Neg 0.00 Neg 0.01 Neg -0.01
T-SPOT.TB CN Neg 1 Neg 3 Neg 0
11 QFT-GIT-GIT Conv Neg 0.22 Neg 0.32 Pos 0.67
T-SPOT.TB CP Pos 27 Pos 38 Pos 29
12 QFT-GIT-GIT CP Pos 0.38 Pos 1.83
T-SPOT.7B CP Pos 16 Pos 42
13 QFT-GIT-GIT No FU Pos 4.71
T-SPOT.7B No FU Pos 59
14 QFT-GIT-GIT CN Neg 0.11 Neg 0.05 Neg 0.04
T-SPOT.7B Rev Pos 12 Neg 4 Neg 3
15 QFT-GIT-GIT CP Pos 3.16 Pos 3.81
T-SPOT.TB Rev Pos 67 Neg 2
16 QFT-GIT-GIT CP Pos 0.72 Pos 0.62 Pos 0.53
T-SPOT.TB CP Pos 13 Pos 50
17 QFT-GIT-GIT CP Pos 5.78 Pos 10 Pos 10 Pos 10
T-SPOT.TB CP Pos 162 Pos 72 Pos 46 Pos 56
18 QFT-GIT-GIT CN Neg 0.03 Neg 0.23 Neg 0.04
T-SPOT.TB CN Neg 1 Neg 0 Neg 1
19 QFT-GIT-GIT CP Pos 1.98 Pos 4.83
T-SPOT.7B CP Pos 69 Pos 56
20 QFT-GIT-GIT CP Pos 10 Pos 10 Pos 10 Pos 10
T-SPOT.TB CP Pos 95 Pos 15 Pos 44 Pos 100
21 QFT-GIT-GIT CP Pos 10 Pos 10 Pos 10
T-SPOT.TB CP Pos 63 Pos 75 Pos 100
22 QFT-GIT-GIT CP Pos 0.84 Pos 0.49
T-SPOT.TB CP Pos 27 Pos 24
23**  QFT-GIT-GIT CN Neg -0.01
T-SPOT.TB CN Neg 0
24 QFT-GIT-GIT CN Neg 0.01 Neg 0.00
T-SPOT.7B CN Neg 1 Neg 0
25 QFT-GIT-GIT Conv Neg 0.25 Pos 1.27 Pos 0.67 Pos 2.13
T-SPOT.7B CP Pos 28 Pos 28 Pos 21 Pos 22
26** QFT-GIT-GIT CN Neg 0.04
T-SPOT.7TB Conv Neg 1
27  QFT-GIT-GIT CN Neg -0.03 Neg 0.02 Neg 0.02 Neg -0.01
T-SPOT.TB Rev Pos 16 Neg 0 Neg 2 Neg 0
28*  QFT-GIT-GIT CN Neg -0.03
T-SPOT.TB CN Neg 0
29 QFT-GIT-GIT CP Pos 1.65 Pos 1.42 Pos 0.44 Pos 0.66
T-SPOT.TB CP Pos 20 Pos 40 Pos 7 Pos 46
30 QFT-GIT-GIT CN Neg 0.01 Neg 0.00
T-SPOT.78B CN Neg 0 Neg 0
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No. Assay Cat. oM 6M 12 M 24 M
31 QFT-GIT-GIT CN Neg -0.02 Neg -0.01 Neg -0.01 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0 Neg 0 Neg 2
32 QFT-GIT-GIT CP Pos 1.45 Pos 1.74 Pos 5.67
T-SPOT.TB Var Pos 45 Neg 3 Pos 60
33 QFT-GIT-GIT CN Neg 0.04 Neg 0.10 Neg 0.00 Neg -0.06
T-SPOT.TB CN Neg 0 Neg 0 Neg 0 Neg 1
34 QFT-GIT-GIT CN Neg -0.09 Neg -0.04 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0 Neg 0
35 QFT-GIT-GIT CP Pos 10 Pos 10
T-SPOT.TB CP Pos 100 Pos 100
36 QFT-GIT-GIT CN Neg -0.01 Neg 0.01 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0 Neg 0
37 QFT-GIT-GIT Rev Pos 0.45 Neg 0.30 Neg 0.13
T-SPOT.TB Var Pos 14 Neg 2 Pos 9
38 QFT-GIT-GIT CP Pos 1.25 Pos 0.49 Pos 0.76 Pos 0.97
T-SPOT.TB CP Pos 19 Pos 26 Pos 19 Pos 24
39 QFT-GIT-GIT CP Pos 2.42 Pos 2.36
T-SPOT.TB CP Pos 39 Pos 16
40 QFT-GIT-GIT CN Neg 0.01 Neg 0.06 Neg 0.03
T-SPOT.TB Rev Pos 13 Pos 14 Neg 2
41 QFT-GIT-GIT CP Pos 243 Pos 8.95 Pos 1.80 Pos 212
T-SPOT.TB Conv Neg 0 Pos 63 Pos 16 Pos 22
42 QFT-GIT-GIT CN Neg -0.01 Neg -0.02 Neg 0.00 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0 Neg 0 Neg 0
43 QFT-GIT-GIT CN Neg -0.02 Neg 0.03
T-SPOT.TB CN Neg 0 Neg 0
44 QFT-GIT-GIT CP Pos 0.86 Pos 2.23 Pos 1.54 Pos 3.03
T-SPOT.TB CP Pos 33 Pos 42 Pos 40 Pos 21
45 QFT-GIT-GIT CP Pos 3.69 Pos 10 Pos 2.67 Pos 2.57
T-SPOT.TB CP Pos 58 Pos 47 Pos 14 Pos 47
46 QFT-GIT-GIT CP Pos 9.73 Pos 10
T-SPOT.TB CP Pos 42 Pos 83
47 QFT-GIT-GIT Var Neg 0.11 Pos 0.56 Neg 0.05 Neg 0.09
T-SPOT.TB Var Neg 5 Pos 9 Neg 5 Pos 7
48 QFT-GIT-GIT CN Neg 0.02 Neg 0.06 Neg 0.02 Neg 0.05
T-SPOT.TB CN Neg 1 Neg 0 Neg 0 Neg 0
49 QFT-GIT-GIT CP Pos 10 Pos 10 Pos 10
T-SPOT.TB CP Pos 100 Pos 92 Pos 100
50 QFT-GIT-GIT CN Neg -0.06 Neg 0.01 Neg 0.02
T-SPOT.TB CN Neg 1 Neg 0 Neg -2
51** QFT-GIT-GIT CN Neg -0.01
T-SPOT.TB CN Neg 0
52 QFT-GIT-GIT CN Neg 0.01 Neg 0 Neg 0.19
T-SPOT.TB CN Neg 0 Neg 0 Neg -1
53 QFT-GIT-GIT CN Neg -0.03 Neg 0.00
T-SPOT.TB CN Neg 0 Neg 0
54 QFT-GIT-GIT CN Neg 0.15 Neg 0.03 Neg 0.02
T-SPOT.7TB CP Pos 19 Pos 17 Pos 16
55 QFT-GIT-GIT CN Neg -0.30 Neg -0.01
T-SPOT.TB CN Neg 0 Neg 0
56 QFT-GIT-GIT CN Neg -0.02 Neg -0.04 Neg 0.02
T-SPOT.TB Conv Neg 1 Neg 0 Pos 10
57 QFT-GIT-GIT CN Neg -0.01 Neg -0.01 Neg 0.03 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0 Neg 0 Neg -1
58 QFT-GIT-GIT CP Pos 0.38 Pos 4.09 Pos 10 Pos 1.47
T-SPOT.TB CP Pos 110 Pos 60 Pos 31 Pos 41
59 QFT-GIT-GIT CP Pos 1.88 Pos 2.71
T-SPOT.TB CP Pos 65 Pos 7
60 QFT-GIT-GIT CP Pos 3.98 Pos 3.34 Pos 8.14
T-SPOT.7TB CP Pos 32 Pos 72 Pos 55
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No. Assay Cat. oM 12M 24 M
61 QFT-GIT-GIT CP Pos 7.46 Pos 10 Pos 3.19
T-SPOT.TB CcP Pos 13 Pos 72 Pos 32
62 QFT-GIT-GIT Rev Pos 0.35 Neg 0.05
T-SPOT.TB CN Neg 4 Neg 0
63 QFT-GIT-GIT CP Pos 0.35 Pos 0.65 Pos 0.45 Pos 0.43
T-SPOT.TB Var Pos 16 Neg 3 Pos 11 Neg 3
64 QFT-GIT-GIT CP Pos 4.95 Pos 2.64
T-SPOT.TB CP Pos 42 Pos 19
65 QFT-GIT-GIT CN Neg -0.01 Neg -0.02
T-SPOT.TB CN Neg 0 Neg 2
66 QFT-GIT-GIT CN Neg 0.29 Neg 0 Neg 0.13
T-SPOT.TB Var Neg 1 Pos 7 Neg 3
67 QFT-GIT-GIT Var Pos 4.71 Neg 0.18 Pos 0.71
T-SPOT.TB CP Pos 15 Pos 24 Pos 36
68 QFT-GIT-GIT CP Pos 8.28 Pos 6.42
T-SPOT.TB CP Pos 98 Pos 50
69 QFT-GIT-GIT CP Pos 10 Pos 5.35 Pos 10
T-SPOT.TB CP Pos 87 Pos 79
70 QFT-GIT-GIT CN Neg -0.02 Neg -0.02 Neg 0.00
T-SPOT.TB CN Neg 6 Neg -5 Neg -1
71 QFT-GIT-GIT CP Pos 0.48 Pos 1.98
T-SPOT.TB No FU Pos 65
72 QFT-GIT-GIT CN Neg -0.04 Neg -0.07 Neg -0.01 Neg 0.01
T-SPOT.TB CN Neg 2 Neg 2 Neg -1 Neg 0
73 QFT-GIT-GIT CN Neg 0.34 Neg 0.33 Neg 0.11
T-SPOT.TB Rev Pos 25 Neg 0 Neg 2
74 QFT-GIT-GIT No FU Neg 0.12
T-SPOT.TB No FU Pos 7
75 QFT-GIT-GIT CN Neg 0.13 Neg -0.23 Neg -0.03 Neg -0.01
T-SPOT.TB CN Neg 4 Neg 1 Neg -1 Neg 1
76 QFT-GIT-GIT Conv Neg -0.21 Pos 0.59
T-SPOT.TB CN Neg -1 Neg 1
77 QFT-GIT-GIT CN Neg -0.03 Neg 0.07
T-SPOT.TB CN Neg 2 Neg 1
78 QFT-GIT-GIT CN Neg 0.10 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0
79 QFT-GIT-GIT CN Neg 0.32 Neg 0.04
T-SPOT.TB CN Neg 4 Neg 2
80 QFT-GIT-GIT CN Neg -0.03 Neg 0.06 Neg 0.08
T-SPOT.TB Var Pos 26 Neg 0 Pos 23
81 QFT-GIT-GIT CN Neg -0.01 Neg -0.02 Neg 0.03 Neg 0.00
T-SPOT.TB Var Neg 5 Pos 13 Neg 1 Neg 5
82 QFT-GIT-GIT CN Neg 0.09 Neg 0.02
T-SPOT.TB CP Pos 10 Pos 9
83 QFT-GIT-GIT Conv Neg 0.14 Pos 0.53
T-SPOT.TB Conv Neg 5 Pos 15
84 QFT-GIT-GIT CP Pos 2.31 Pos 3.56 Pos 1.03
T-SPOT.TB CP Pos 28 Pos 74 Pos 100
85 QFT-GIT-GIT CN Neg 0.01 Neg -0.07
T-SPOT.TB CN Neg 0 Neg 0
86 QFT-GIT-GIT CP Pos 8.38 Pos 10 Pos 9.7 Pos 10
T-SPOT.TB Var Pos 69 Pos 88 Neg 5 Pos 56
87 QFT-GIT-GIT CN Neg 0.02 Neg -0.15 Neg -0.01
T-SPOT.TB CN Neg 1 Neg 0 Neg 1
88 QFT-GIT-GIT CP Pos 3.62 Pos 10
T-SPOT.TB CP Pos 68 Pos 78
89 QFT-GIT-GIT Conv Neg -0.08 Neg 0.19 Neg 0.24 Pos 0.42
T-SPOT.TB Var Neg 5 Pos 6 Neg 5
90  QFT-GIT-GIT CN Neg 0.00 Neg 0.09 Neg 0.02 Neg 0.05
T-SPOT.TB Rev Pos 10 Neg 1 Neg 0 Neg 3
91 QFT-GIT-GIT CP Pos 10 Pos 1.70 Pos 9.22
T-SPOT.TB CP Pos 41 Pos 14 Pos 38
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No. Assay Cat. oM 6M 12 M 24 M
92 QFT-GIT-GIT CN Neg 0.06 Neg -0.03
T-SPOT.TB CN Neg 1 Neg 1
93 QFT-GIT-GIT CN Neg -0.01 Neg 0.02
T-SPOT.TB CN Neg 0 Neg 0
94 QFT-GIT-GIT CN Neg 0.02 Neg -0.04 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 0 Neg 0
95 QFT-GIT-GIT CN Neg -0.02 Neg -0.03 Neg -0.01
T-SPOT.TB Rev Pos 6 Neg 1 Neg 0
96 QFT-GIT-GIT CP Pos 9.19 Pos 10
T-SPOT.TB Conv Neg 0 Pos 86
97 QFT-GIT-GIT CN Neg -0.01 Neg 0.00
T-SPOT.TB CN Neg 4 Neg 0
98 QFT-GIT-GIT CN Neg -0.01 Neg -0.02
T-SPOT.TB Conv Neg 1 Pos 8
99 QFT-GIT-GIT CP Pos 1.37 Pos 1.58
T-SPOT.TB Rev Pos 27 Neg 1
100 QFT-GIT-GIT CN Neg 0.20 Neg 0.09 Neg 0.02
T-SPOT.TB Conv Neg 1 Neg 4 Pos 8
101 QFT-GIT-GIT CP Pos 3.01 Pos 10 Pos 0.82 Pos 0.59
T-SPOT.TB CP Pos 48 Pos 39 Pos 13 Pos 16
102 QFT-GIT-GIT CN Neg -0.02 Neg -0.04 Neg 0.05 Neg 0.01
T-SPOT.TB CN Neg 0 Neg 1 Neg -2 Neg 0
103 QFT-GIT-GIT Var Pos 1.38 Neg 0.19 Pos 0.52
T-SPOT.TB Rev Pos 63 Neg 0 Neg 1
104 QFT-GIT-GIT CN Neg 0.01 Neg 0.01 Neg -0.05 Neg 0.00
T-SPOT.TB CN Neg 1 Neg 0 Neg 0 Neg 0
105 QFT-GIT-GIT CN Neg -0.01 Neg -0.01
T-SPOT.TB CN Neg 1 Neg 1
106 QFT-GIT-GIT CN Neg -0.03 Neg -0.01
T-SPOT.TB CN Neg 1 Neg 0
107 QFT-GIT-GIT CP Pos 2.00 Pos 10 Pos 10 Pos 7.67
T-SPOT.TB CcP Pos 50 Pos 87 Pos 98
108 QFT-GIT-GIT CP Pos 7.82 Pos 8.53 Pos 4.46
T-SPOT.TB CP Pos 18 Pos 88 Pos 34
109 QFT-GIT-GIT CN Neg -0.01 Neg 0.08 Neg 0.00
T-SPOT.TB CN Neg 3 Neg 2 Neg 0
110 QFT-GIT-GIT CP Pos 1.31 Pos 4.83 Pos 4.04
T-SPOT.TB CP Pos 43 Pos 44 Pos 18
111 QFT-GIT-GIT CP Pos 5.39 Pos 4.95
T-SPOT.TB CP Pos 78 Pos 92
112 QFT-GIT-GIT CP Pos 10 Pos 10 Pos 7.37 Pos 10
T-SPOT.TB CP Pos 19 Pos 100 Pos 83 Pos 99
113 QFT-GIT-GIT CN Neg 0.06 Neg 0.08 Neg 0.00 Neg 0.09
T-SPOT.TB Rev Pos 7 Pos 11 Neg 4
114 QFT-GIT-GIT Rev Pos 0.95 Pos 0.63 Neg 0.07
T-SPOT.TB Conv Neg 4 Pos 22 Pos 23
115 QFT-GIT-GIT CP Pos 6.32 Pos 10 Pos 7.59
T-SPOT.TB Rev Pos 18 Pos 94 Neg 5
116 QFT-GIT-GIT CN Neg 0.00 Neg 0.02 Neg 0.04 Neg 0.00
T-SPOT.TB CN Neg 1 Neg 0 Neg 0 Neg 0
117 QFT-GIT-GIT CP Pos 0.37 Pos 3.60 Pos 0.85 Pos 1.44
T-SPOT.TB CcP Pos 18 Pos 96 Pos 19 Pos 26
118 QFT-GIT-GIT CP Pos 9.28 Pos 10 Pos 10
T-SPOT.TB CP Pos 64 Pos 56 Pos 50
119 QFT-GIT-GIT CP Pos 6.16 Pos 3.64
T-SPOT.TB CP Pos 63 Pos 18
120 QFT-GIT-GIT Var Pos 0.77 Neg 0.31 Pos 1.40
T-SPOT.TB CP Pos 18 Pos 21 Pos 113
121**  QFT-GIT-GIT CN Neg -0.01
T-SPOT.TB CN Neg 0
122 QFT-GIT-GIT CN Neg -0.01 Neg -0.01
T-SPOT.TB CN Neg 5 Neg 0
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Legend table 3

* Cat = category of kinetics of QFT-GIT and T-SPOT.TB results. Conversions were
defined as a change from negative to positive according the manufacturer’s instructions
(cut-off for QFT-GIT at 0.35 IU/ml; cut-off for -SPOT.TB at 6 spots). Reversions were
defined as change from positive to negative. The variable category was appointed
when conversion or reversion was not consistent.

CN: consistent negative

CP: consistent positive

Conv: conversion

Rev: reversion

Var: variable

No FU: missing follow-up data

** These individuals had a follow-up visit after 18M.

T-SPOT.TB

The overall percentage of positive T-SPOT.TB results remained unchanged
during follow-up (Table 2). Similar to QFT-GIT, no significant change in T-SPOT.
TB results was observed among individuals with T-SPOT.TB results at all time
points or among subjects with results from 6M until 24M (ANOVA for repeated
measurements or McNemar's test). All available individual T-SPOT. TB results are
shown in Table 3.

The three patterns that were observed for QFT-GIT were also found for T-SPOT.
TB (Figure 3). Most individuals with low spot counts in the initial T-SPOT.TB
(maximum spot count < 5) remained negative during the entire follow-up period
(N=24/33), only 9/33 converted to a positive result at any later time point. If the first
T-SPOT.TB result was high (maximum spot count exceeding 50 spots) the assay
remained positive during the entire follow-up period in 8/10 subjects, although
spot counts were usually lower at the last follow-up time point. Just 2/10 initially
high-responding individuals reverted to a negative result at any later time point. Of
35 individuals with an initial T-SPOT.TB score between 5 and 50 spots, most had
a stable number of responding T cells during the follow-up period, although there
were some individuals with more dynamic patterns. Just as was observed for the
QFT-GIT, no influence of INH treatment could be distinguished.

Next, responses to the different antigens of the T-SPOT.TB assay were analyzed.
Of individuals with an initially positive T-SPOT.TB result, the majority (31/38)
responded positively to both antigens and remained positive for both during
follow-up. The response to panel A decreased significantly between 6M and
24M, (P=0.015), whereas the decrease in responses to panel B was of borderline
significance (P=0.051).
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Agreement between T.SPOT-TB and QuantiFERON-TB Gold

There was a strong correlation between T-SPOT.TB and QFT-GIT results at all
different time points, with Cohen’s kappa values between 0.7 and 0.8, which was
independent of the time point and of preventive treatment. There was a positive
correlation between the number of spots in the T-SPOT. 7B assay and the "°log of
concentration of IFN-y produced in the QFT-GIT (R=0.6, P <0.001). This was the
case for panel A and panel B separately, but also when the individual maximum
number of spots was analyzed.

DISCUSSION

This study showed three different kinetic patterns of IGRA response. T-SPOT.TB
and QFT-GIT remained positive during at least the follow-up in 92% resp. 90%
of the individuals with an initially strongly positive QFT-GIT or T-SPOT. TB result,
irrespective of whether they had completed preventive INH treatment. This finding
is in accordance with other studies reporting that responses remain positive in a
proportion of treated individuals (4;21-23). Moreover, initially very low or very high
responses mostly remained in the same range over the two-year follow-up period,
with or without INH preventive treatment. Thus, overall IGRA appear to be of little
clinical value for follow-up.

T-SPOT.TB was more frequently positive than QFT-GIT at all investigated time
points. The cause of this difference is not known, but it has been suggested that
T-SPOT.TB is more sensitive than the QFT-GIT for detection of TB infection (6;24).
Alternatively, T-SPOT.TB could be more sensitive to detect infection that was
not recently acquired, as most studies included populations with undocumented
exposure history. The present study most likely included individuals with a positive
TST due to past infection, because they were identified during mass screening.
In the absence of a gold standard for the presence of LTBI, the only method to
proof superiority would require follow-up of untreated TST positive persons with
a positive or negative IGRA result, as is currently under way in several clinical-
epidemiological settings (25;26).

An interesting observation was the strong correlation between the number of
spots in the T-SPOT.TB and the log of the IFN-y concentration produced in the
QFT-GIT, for both antigens and at a low as well as high number of spots. This
implies that cells responding to ESAT-6 or CFP-10 do not differ at a qualitative
level. Since a linear increase of spots appears to be responsible for an exponential
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increase in the concentration of IFN-y, reflecting total production, this suggests a
strong dependence of QFT-GIT result on the number of cells (PBMC’s) present
in the volume of whole blood used for QFT-GIT and may explain part of observed
discrepancies between the two different IGRA formats. Participants of this study
were all healthy, immuno-competent individuals and therefore it is unlikely that
low cell counts had led to false negative results. However, in other settings with
immuno-compromised patients or children, this could be problematic and false-
negative or indeterminate results might be obtained (8).

Our study shows that it is possible to characterize different kinetic patterns of
responses varying by the initial response. IGRA responses that were either
negative or very high at the first measurement most often remained in the same
category of responses during the entire follow-up period. In contrast, initially
intermediate results were more variable over time and both conversions and
reversions were observed, even within the same individual. The clinical significance
of these patterns is unclear, as the positive or negative predictive value of IGRA
results for later TB reactivation is as yet unproven. In that regard, the group with
initially intermediate responses seems the most interesting category because the
changes of responses suggest an ongoing dynamic interaction between host and
pathogen. Follow-up of sufficiently large numbers of individuals in each category
in a low prevalence TB setting will provide more definitive information with regard
to the relation between IGRA kinetics and risk of progression to TB disease, which
would provide a rational basis for therapeutic consequences.

All individuals included in this study had a TST induration of at least 15 mm, yet
half of them were IGRA negative and remained negative during follow-up. Since
none of these individuals has developed TB there are three possible explanations.
The first option of false-positive TST results caused by NTM or undetected BCG
vaccination was unlikely as TST results generally do not exceed 15 mm in that
setting. Second, Hill et al showed that rapid ELISPOT reversion can occur after TB
exposure. Because the infectious period of the index patient lasted from February
until October 2004 while we first tested in February 2005, it is possible that
participants with a positive TST and negative IGRA had already reverted to IGRA
negative (27). Thirdly, since these individuals were detected during large scale
contact screening the TST could be positive due to old infection in associated with
a reverted IGRA result.
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Before concluding that the added value of follow-up IGRA to guide clinical decisions
may be limited, some potential pitfalls need to be taken into consideration. Firstly,
data on all time points were available for a limited number of subjects, which was
the result of the design and the voluntary nature of the study, precluding robust
statistical analysis. Yet, the observed patterns were consistent and the agreement
between the QFT-GIT and T-SPOT.TB was good at all time points with x of 0.7,
independent of preventive INH treatment, which is in agreement with previous
comparative studies (6;19;24). Secondly, very few studies have addressed the
issue of inter-assay variability and reproducibility of IGRA. The studies reported so
far have analyzed the inter-assay variability of the QFT-GIT within a short period
of time, i.e., with repeated measurements over a maximum interval of 3 months
in a population not recently exposed to TB (28;29). These studies indicate that
variability between measurements (i.e., positive or negative) of about 16% can
be expected. In our study data were collected over a much longer period in a
population recently exposed to TB, and consistent changes over time may reflect a
change in immune reactivity rather than experimental variability of IGRA. Another
factor of consideration with regard to repeated measurements is regression to
the mean: when very high or low results are obtained first, on subsequent testing
it is expected that such outliers are closer to the group average. This can be a
cause for variations in test outcome but is without clinical significance. Taking
the above into consideration together with the current lack of understanding the
normal kinetics/variability of IGRA, it was not possible to differentiate between test
variability and true conversions and/or reversions.

Based on the data of our study, IGRA do not seem to be useful during follow-
up of patients with LTBI to decide when to stop treatment or identify those at
risk of reactivation. The moderate effect of INH treatment on the percentage of
positive IGRA responses cannot be regarded as relevant at the individual level
for the determination of treatment success. In that regard, our findings were
different from those of a follow-up study of patients with TB disease describing a
consistent conversion to negative results at the end of successful treatment (30),
but in part similar to those of another follow-up study using ELISPOT in recently
exposed subjects that observed a decrease of responses among treated but not
among untreated subjects (31). Based on our data, repeated testing in individuals
with initially negative or very high responses will not yield additional information.
Repeating IGRA in individuals with initially intermediate responses might provide
useful information with regard to progression to TB disease. In animal models
there was a clear correlation between high ESAT-6 responses and subsequent
development of TB disease, as was the case in two human studies (25;32-35).
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Because a number of individuals with initially negative results just below the cut-

off (>0.25 and <0.35 IU/ML) had dynamic responses including conversions to

positive, it could be useful to repeat the assay in these cases e.g. six months to
one year later.
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