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ABSTRACT. Objective. We evaluated the T-SPOT.TB assay to identify latent tuberculosis infection (LTBI) in

patients with rheumatic disease receiving immunosuppressive medication including tumor necrosis
factor (TNF) antagonists.

Methods. A total of 200 patients seen in the Arthritis Center at Brigham and Women’s Hospital were
enrolled for study. Most patients were US-born women with rheumatoid arthritis. A medical history
was obtained using a questionnaire, whole blood was drawn for the T-SPOT.TB assay, and tuberculin
skin testing (TST) was performed.

Results. Both tests were performed on 179 subjects, who had no history of a positive TST. All sub-
jects had a strong response to the T-SPOT.TB test positive control, and there were no indeterminate
results. Among these 179 subjects, 2 had a positive TST and 10 had a positive T-SPOT.TB test. No
subject was positive for both tests. Patients with a positive T-SPOT.TB test did not have typical risk
factors for LTBI based on clinical evaluation.

Conclusion. The lack of concordance between the TST and the T-SPOT.TB assay may indicate that
the immunoassay is more sensitive, particularly in a patient population taking immunosuppressive
medications. It is equally likely that the low prevalence of LTBI in this low-risk population led to an
increase in the false-positive rate despite the high sensitivity and specificity of the T-SPOT.TB assay.
In the context of our patient population, the T-SPOT.TB assay is likely to be most useful in evalua-
tion of patients with a positive TST, since these patients have a higher pretest probability of having

LTBI. (J Rheumatol First Release Feb 15 2009; doi:10.3899/jrheum.08054)
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Tumor necrosis factor (TNF) antagonists have emerged as
an important treatment for rheumatoid arthritis (RA) and
other rheumatic diseases. However, their use is complicated
by adverse effects including an increased incidence of infec-
tion. Several of the infections observed in patients undergo-
ing TNF blockade are different from those usually observed
in RA: patients with RA receiving TNF blockade have a
greater risk of developing tuberculosis (TB) than the gener-
al public'*. Surveillance studies found that the risk of devel-
oping TB among patients with RA receiving TNF antago-
nists was significantly higher than for RA patients receiving
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other therapies3-. This risk is now described in the product
labeling for all anti-TNF agents®.

TNF is critical for immunity to TB at all stages of infec-
tion. Anti-TNF treatment of mice chronically infected with
M. tuberculosis leads to rapid recrudescence and death.
Indeed, the development of TB during the first few months
of TNF antagonist therapy is consistent with an accelerated
transition from latent to reactivation disease!. In addition to
inducing reactivation, RA patients receiving TNF antago-
nists may also be at greater risk for the development of pri-
mary TB.

Latent TB infection (LTBI) can be treated with prophy-
lactic antibiotic therapy, which reduces the future risk of
developing TB’. Therefore, patients should be screened for
the presence of LTBI before starting TNF antagonists.
Traditionally, the tuberculin skin test (TST) using purified
protein derivative (PPD) has been used to identify cases of
LTBI. However, the TST does not have high enough sensi-
tivity or specificity (in populations that are vaccinated with
BCG) to serve as an adequate diagnostic test®. Patients with
RA pose an additional challenge because of the increased
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prevalence of skin-test anergy due to intrinsic immune dys-
function and the effect of medications®.

A new generation of clinical immunoassays has been
developed to diagnose active TB and LTBI'?. These tests
work by detecting y-interferon (IFN-y) production by T cells
after stimulation with antigens specific for M. tuberculosis.
The antigens used in these tests, CFP10 and ESAT-6, are
expressed by M. tuberculosis but not by BCG. This proper-
ty allows the assays to discriminate between BCG-vaccinat-
ed people and persons infected with M. tuberculosis. These
tests are referred to as IFN-y-release assays (IGRA) and 2
commercial formats are available. In the QuanteFERON
Gold assay, M. tuberculosis antigens are added to whole
blood, and the IFN-y in plasma is measured by ELISA the
next day!!. In contrast, the T-SPOT.TB assay is performed
using isolated peripheral blood mononuclear cells (PBMC),
and IFN-y production is detected using an Elispot assay!!.
The extra step of isolating PBMC has the effect of normal-
izing differences in the peripheral white blood cells, which
may explain why the T-SPOT.TB test performs better in sub-
jects with compromised immune systems including human
immunodeficiency virus (HIV)-positive individuals'>13, We
sought to determine whether the T-SPOT.TB test would be
useful in assessing the risk of patients with RA who are tak-
ing immunosuppressive medication for LTBI.

MATERIALS AND METHODS

Patients. Between July 2006 and December 2006, 200 patients with a sys-
temic rheumatic disease (RA, psoriatic arthritis, systemic lupus, vasculitis,
polymyositis, dermatomyositis, sarcoidosis, polymyalgia rheumatica,
ankylosing spondylitis, or scleroderma) were recruited to the study. These
patients were undergoing systemic immunosuppressive therapies including
methotrexate, cyclophosphamide, corticosteroids, azathioprine, abatacept,
anakinra, rituximab, or anti-TNF therapies (etanercept, adalimumab, or
infliximab). Patients were excluded from the study if they refused to give
written consent or were currently undergoing therapy for TB.

Each patient was administered a questionnaire that addressed possible
TB epidemiologic risk factors. Data collection included age, sex, ethnicity,
country of birth and residence, contact and occupational exposure to TB,
BCG vaccination status, family and personal history of mycobacterial
infection, risk factors for TB (described below), and clinical information
(including results of previous TST and chest radiographs). Risk factors for
LTBI were considered to be (1) birth or resident for > 6 months in a coun-
try with a TB prevalence > 20 cases/100,000; (2) household contact; (3)
chest radiographs showing calcified granulomas or apical densities; or (4)
confirmed history of TBS. Other clinical information was obtained by
review of the medical record.

All patients gave informed consent before enrollment in the study and
the study was approved by the hospital institutional review board.

Skin testing: The TST was done using PPD. A clinic nurse trained in
Mantoux skin testing administered the test. Two tuberculin units were
planted intradermally on the volar surface of the forearm using the
Mantoux method. Patients were instructed and provided a measuring device
to read their own results and telephone it in to the nurse 48 hours after the
test. All patients reporting an abnormal TST result were asked to return to
the Arthritis Clinic to have the reading confirmed by a nurse or physician.
Induration > 5 mm was considered positive in this patient population. Some
patients that had a previously documented positive TST were enrolled in
the study but the TST skin test was not repeated in this group.

Elispot. At the same visit, blood was obtained for the T-SPOT.7B Elispot
assay. The blood collection was performed the same day that the Mantoux
test was placed. The T-SPOT.TB assay was performed using the T-SPOT.7TB
assay kit according to the manufacturer’s recommendations. Briefly, 8 ml
blood was drawn into a BD vacutainer CPT™ cell preparation tube with
sodium citrate (BD Biosciences, Franklin Lakes, NJ, USA). The blood was
processed within 4 h. PBMC were isolated by centrifugation, and the cells
were counted and resuspended in Aim V (Gibco/Invitrogen Corp.,
Gaithersburg, MD, USA) media at a concentration of 2.5 x 10%/ml. 100 ul
of the cell suspension was added to each of 4 wells that were precoated with
anti-IFN-y antibody. The cells were cultured with antigen A (ESAT-6), anti-
gen B (CFP10), a nil control, or a positive control (PHA) overnight at 37°C
in 5% CO,. After 16 h, the wells were washed with phosphate buffered
saline (PBS) and then incubated with conjugate reagent for 1 h at 2°-8°C.
The plate was washed again with PBS and substrate solution was added.
The spots were developed for 7 min. The reaction was stopped by washing
with distilled water. When the wells had dried, the spots were counted using
a dissecting microscope. The manufacturer independently confirmed the
number of spot counts. Participants, nurses, and physicians were blinded to
the results of the T-SPOT.TB assay. Laboratory staff performing the T-
SPOT.TB assays were blinded to the results of the Mantoux test and patient
data. Reactive tests were determined based on the following criteria as pro-
vided by the manufacturer: (1) when the nil control had fewer than 6 spots,
and the “A” or “B” antigen spot count minus the nil control was = 6; (2)
when the nil control had 6-10 spots, and the “A” or “B” antigen spot count
was = 2x nil spot count; or (3) when the nil control had 11-20 spots, and
the “A” or “B” antigen spot count was = 3x nil spot count.

Statistics. All analysis was done using Prism 5.0 (GraphPad, San Diego,
CA, USA). The kappa statistic for concordance was calculated using an
online calculator (available from: http://www.graphpad.com/quickcalcs/
kappal.cfm).

RESULTS

Comparison of the TST and T-SPOT.TB assay in subjects
without a prior positive TST. The majority of the 200
patients had RA, with the remainder having psoriatic arthri-
tis or other rheumatic diseases (Table 1). Patients were
receiving anti-TNF blockade (including etanercept, adali-
mumab, or infliximab; 50.3%), a disease-modifying

Table 1. Patient characteristic.

Characteristic n
Age, yrs 57+ 14 191
Female, % 74.3 142
Caucasian, % 92.1 176
US-born, % 88.5 169
BCG vaccination, % 4.7 9
Underlying disease, %
RA 80.1 153
PsA 5.8 11
Other/not reported 8.9 17
Other rheumatic disease 5.2 10
Treatment, %
MTX = CS 27.7 53
TNF antagonists + CS 25.7 49
DMARD + TNF antagonists + CS 24.6 47
Other DMARD or biologic 18.3 35

RA: rheumatoid arthritis; PsA: psoriatic arthritis; MTX: methotrexate; CS:
corticosteroid; TNF: tumor necrosis factor; DMARD: disease modifying
antitheumatic drug.
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Figure 1. T-SPOT.TB test results are shown for each subject. The spot count for the “nil” control has been subtracted from the spot count for the “A” (ESAT-
6) and “B” (CFP10) antigens. Subjects with no history of positive TST are grouped according to their T-SPOT.TB test result, either negative (left panel) or
positive (center panel). T-SPOT.TB results for the 12 subjects with a prior positive TST are also shown (right panel). Positive results from the same subject

are connected by a line.

antirheumatic drug (methotrexate, azathioprine, cyclophos-
phamide, or leflunomide; 64%), or another biologic agent
(rituximab, abatacept, or anakinra; 7.3%). Corticosteroid
use was reported by 30% of the subjects. The other charac-
teristics of the patient population are listed in Table 1. Nine
subjects were excluded from the analysis because results of
the TST could not be obtained (n = 3) or the T-Spot.7B assay
could not be performed (n = 6).

It was found that 179 subjects reported never having a
prior positive TST, and had both a TST and a T-SPOT.TB

assay performed as part of this study. Two subjects were
found to have a positive TST, both with > 15 mm induration
(Table 2); neither reported a history of BCG vaccination.
One subject lived in Ireland until age 27 years, when she
emigrated to the US in 1963; she works as a healthcare
provider and reports a workplace contact. The other subject
served in the military for 12 years including 6 years in
Korea. Their chest radiographs were negative, and both indi-
viduals had nonreactive T-SPOT.TB assay results (Figure 1,
Table 2).

Table 2. Previously TST-negative subjects found to have a positive TST or T-SPOT.TB test.

Age/Sex Diagnosis Country  TB Risk Factors Anti-TNF  History of T-Spot.7B* TST**  Radiology’
of Birth BCG Nil A B Result
Vaccination
67F \% Ireland  History of contact, 2004 NA 1 0 0 NR > 15mm  Negative
healthcare provider,

multiple TST

47F PsA USA Military 1979-91 None No 7 6 11 NR > 15mm  Negative
Korea, 198288,

multiple TST
59 M RA USA Healthcare provider, 2006 No 3 4 10 R NR ND

multiple TST
47F RA USA Malta, 1992-94 1998 No 11 36 21 R NR ND
58 F RA USA None No 0 6 10 R NR
46 M PsA USA 2005 No 2 20 18 R NR ND
56 M RA USA 2003 No 6 12 15 R NR Negative
37F RA USA 1995 No 1 2 9 R NR Negative
S0F RA USA 2006 No 1 0 9 R NR Negative
S0F RA USA None No 0 3 8 R NR ND
65 F RA USA 2002 No 0 1 7 R NR Negative
43 F RA USA 2002 No 1 2 7 R NR Negative

V: vasculitis; PsA: psoriatic arthritis; RA: rheumatoid arthritis; NA: not available. * Elispot results expressed as spots/well (A, ESAT-6; B, CFP10); NR: not
reactive; R: reactive. ** Millimeters of induration; NR: not reactive (< 5 mm). T Chest radiograph results: negative: no disease present; ND: not documented.
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All subjects tested using the T-SPOT.7B assay had an
adequate response to the control mitogen PHA, indicating
that the T cells isolated from their peripheral blood were
able to secrete IFN-y under the assay conditions (data not
shown). Ten subjects had positive T-SPOT.TB assays (Table
2). Only 2 of these subjects had any significant risk of expo-
sure to TB: one had worked as a healthcare provider for 40
years and another had lived in Malta for 3 years. None of the
other 8 subjects with a positive T-SPOT.TB test reported risk
factors associated with exposure to active cases of TB.
Specifically, no one reported a history of TB, immigration
from or travel within countries having a high TB burden, or
close association with an active case of TB. Of note, 7 of
these 10 patients were taking TNF antagonists (5 etanercept,
2 infliximab; see Table 2) for between 4 months and 11
years (median 4 yrs) with no evidence of active TB.

There was no overlap between the subjects with a posi-
tive TST and those with a positive T-SPOT.TB test. Although
one of the subjects with a positive TST had 6 and 11 spots
for the A and B antigens, the nil control was 7 spots, which
is interpreted as negative by the manufacturer’s criteria. The
kappa statistic was —0.019, indicating that agreement
between the tests was worse than expected by chance; how-
ever, since no subject was positive by both tests, calculating
the concordance was not meaningful.

Analysis of subjects with a prior positive TST. In addition to
the 179 subjects described above, 12 additional subjects
reported a prior positive TST. These 12 were tested by T-
SPOT.TB assay only and were analyzed separately (Figure
1, Table 3). In contrast to the other subjects, this group was
more likely to be foreign-born (50%) and to have received
BCG vaccination (33%). At least 4 of these subjects had
exposure to cases of TB, and 4 had abnormal chest radi-

Table 3. T-SPOT.TB results in subjects with a history of a positive TST.

ographs. Four subjects had positive T-SPOT.TB tests.
Although all BCG-vaccinated subjects (n = 4) had a negative
T-SPOT.TB test, interpretation of this finding was con-
founded by the fact that all 4 had previously received isoni-
azid. Indeed, 10 of these 12 had received isoniazid in the
past (n = 6) or were receiving prophylactic isoniazid thera-
py currently (n = 4).

DISCUSSION

We evaluated the use of the T-SPOT.TB diagnostic assay to
identify subjects that have LTBI and consequently may have
an increased risk for development of active TB when treat-
ed with anti-TNF and other immunosuppressive medica-
tions. Subjects with rheumatic diseases treated with
immunosuppressive medication were tested using the T-
SPOT.TB blood test and a conventional TST. Among the
subjects that had both a TST and a T-SPOT.TB test per-
formed, all patients had a robust positive response to the
PHA control, indicating that the immunosuppressive med-
ications did not impair their immunological responses meas-
ured by this test. Ten patients were T-SPOT.TB-positive and
TST-negative. Although these were exactly the patient sub-
set that we had hoped to identify, 8 of these patients lacked
clinical or radiological evidence to support the diagnosis of
LTBI; therefore, we believe these T-SPOT.TB test results are
most likely to be false-positives. Further, most of the sub-
jects with a positive T-SPOT.TB test had been taking TNF
antagonists for several years without evidence of clinical
TB, and there had been no new cases since the tests were
performed (duration of followup 15-19 mo). In most report-
ed series, the majority of patients that developed active TB
following treatment with TNF antagonists did so within a
few months of starting therapy. Therefore, whether the T-

Age/Sex Diagnosis ~ Country  TB Risk Factors History of T-Spot.TB* TST** Radiology "
of Birth BCG Nil A B Result Year Result
Vaccination
74 F RA USA Ireland No 0 25 79 R 2001 10-14 mm  Apical thickening
59F RA USA Healthcare worker No 3 13 18 R 1971 10-14 mm Negative
81 M RA India Healthcare worker, No 2 14 2 R NA > 15 mm Interstitial fibrosis
TB hospital
78 F RA USA No 0 8 7 R 2003 10-14 mm Negative
63 F RA USA No 3 7 8 NR NA NA Negative
57TF PsA USA  Father had active TB No 2 5 1 NR 1980 > 15 mm Negative
49 F RA Japan Yes 8 7 3 NR NA NA Negative
60 F RA Peru No 1 2 1 NR NA 10-14 mm Negative
25F RA Korea Yes 1 1 0 NR 2001 NA Granuloma; hilar Ca
40 F RA Japan Yes 0 0 1 NR 2003 > 15 mm Negative
48 M RA USA No 0 1 0 NR 2002 10-14 mm Negative
53F RA Tanzania  Healthcare worker Yes 0 0 0 NR 1987 > 15 mm RUL cavity'

PsA: psoriatic arthritis; RA: rheumatoid arthritis. * Elispot results expressed as spots/well (A, ESAT-6; B, CFP10); NR: not reactive; R: reactive; Ca: calcifi-
cation; RUL: right upper lung. ** Millimeters of induration; NA: not available. © Chest radiograph results: negative: no disease present. I This subject with
a previously normal chest radiograph was evaluated by bronchoscopy. Cultures were negative for M. tuberculosis. Her serologies were consistent with
Chlamydia infection and appropriate treatment led to resolution of symptoms and chest radiograph normalized.
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SPOT.TB-positive tests represented false-positives or not,
the test did not appear to be identifying subjects who were
at increased risk for developing reactivation TB in our
patient population.

There were several confounders in this study. The most
important is that because of an increased prevalence of
skin-test anergy among patients with RA, the TST may be
unreliable. Patients receiving immunosuppressive or
immunomodulatory medications may also have an altered
response to skin testing, although whether cutaneous aner-
gy in this population is an issue has not been definitively
determined, as previously thought®!%13. This may have
been compounded by having the subjects self-read their
TST. These factors may cause the TST to underestimate the
true incidence of prior M. tuberculosis infection. In con-
trast, the T-SPOT.7B assay did not seem to be affected, in
as much as the positive mitogen (PHA) control worked well
in all individuals tested, suggesting that the ability of their
T cells to secrete IFN-y under these conditions was pre-
served. Further, therapy with TNF antagonists did not
appear to affect the test, since the frequency of positive tests
was similar in patients receiving TNF antagonists and those
not (10/96 vs 4/95, respectively; p = 0.163, Fisher’s exact
test).

Although many studies have reported the superb speci-
ficity of the T-SPOT.TB test!%, the positives in our popula-
tion could also represent cross-reaction with other species of
mycobacterium that have been described to infect this
patient population!”!8. Finally, although the results were
independently confirmed, there is a subjective component to
determining what is a “true” spot, and in a low-prevalence
population, there can be a tendency to over-read the plates.
Thus, in this outpatient population with a low pretest proba-
bility of LTBI, we observed a lack of concordance between
the TST and the T-SPOT.TB.

A potentially important application of IGRA is their use
to monitor the response to therapy. We evaluated 12 subjects
with previously documented positive TST, of whom 10 had
received prophylactic treatment with isoniazid. The frequen-
cy of antigen-specific T cells declines following treatment
with antibiotics both in experimental animals and in
humans, which represents contraction of clonally expanded
T cells following antigen clearance!®-2°, Understanding this
phenomenon in human subjects has important implications
for monitoring treatment of TB, particularly drug-resistant
disease. Whether individuals with a positive T-SPOT.TB
assay will convert to negative after successful treatment
requires further study, since there are reports of persistently
positive subjects after isoniazid prophylaxis as well as those
that revert to negative?!->3. Our data point to some problems
inherent in this type of evaluation. Ten previously positive
PPD+ subjects were treated with isoniazid, and 3 were still
T-SPOT.TB-positive. Although these 3 subjects may have
sustained memory immunity, it is also possible that they har-

bor isoniazid-resistant TB. Thus, ascertaining the role of
IGRA in monitoring therapy will require careful prospective
immunological and microbiological studies in patients being
treated for TB.

Patients receiving TNF antagonists require screening to
identify those that may be latently infected with M. tubercu-
losis, and hence at increased risk for developing active TB?*.
We found that peripheral blood cells from patients with
rheumatic disease receiving immunosuppressive medica-
tions all had a strong response to the mitogen-positive con-
trol in the TB-SPOT.TB assay. Among these participants,
several had positive TB-SPOT.TB tests without historical or
laboratory evidence classically associated with LTBI.
Therefore, while there are many advantages of the T-
SPOT.TB assay, more study of it and other IGRA is needed
before these tests can be used for general screening of
patients for LTBI®. In light of the recommendation by the
US Centers for Disease Control that the TST can be replaced
with IGRAZ9, it is interesting how different our results were
with the 2 tests. Thus, although a recent study from Greece
suggested that the TB-SPOT.TB test appeared useful in iden-
tifying patients with LTBI prior to initiation of TNF antago-
nists?’, in our clinical setting, the T-SPOT.TB assay may be
most useful in further evaluation of patients with a positive
TST, particularly in those individuals with a history of BCG
vaccination who are from TB-endemic areas. Determining
whether IGRA are useful for detecting LTBI will require
longterm followup. Their use in subjects receiving TNF
blockade is also complicated, since TNF antagonists have
the potential to reduce IFN-y secretion by M. tuberculosis-
specific T cells?8. Finally, we believe that development of a
clinical paradigm?® may be the most effective way to identi-
fy patients with LTBI who may have a higher risk for devel-
oping reactivation TB while on therapy for systemic rheu-
matic disease.
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