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Abstract
Objectives
The risk of activation of latent tuberculosis infection (LTBI) is increased in patients treated with anti-TNF-o drugs.
Tuberculin skin test (TST) and Quantiferon-TB Gold test (QFT) are used to detect LTBI before and during anti-TNF-a
treatment. We describe here a relation of these tests at various timepoints and also longitudinal QFT data.

Methods
Study group consisted of 305 patients with several rheumatic inflammatory diseases treated and/or scheduled for
anti-TNF-o drugs. The QFT was performed in 303 patients during therapy and in 177 patients also during screening.
The TST was used in 284 patients. Both tests simultaneously were utilised in 360 instances.

Results
Twenty-two patients were QFT positive; 3.9% before and 5.9% during anti-TNF-ao treatment. Two patients who became
QFT positive developed active tuberculosis. The TST was positive in 42% and 38% of patients before and during treatment,
respectively. There was poor agreement between the two tests. Patients on glucocorticoids had a negative TST more
frequently. The IFN-y response to mycobacterial antigens significantly increased after application of tuberculin,
but never reached the positive threshold. There was a significant increase in mitogen-induced IFN-y production
after initiation of anti-TNF-a therapy.

Conclusion
Poor correlation between the QFT and TST renders the TST non-specific for LTBI. QFT is more specific to detect LTBI
and conversion to a positive result may predict active TB. An increase in IFN-y production in response to mycobacterial
antigens is seen when the TST is performed before the QFT. Mitogen-induced IFN-y production increases after initiation
of anti-TNF-a therapy.
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Introduction

Tumour necrosis factor alpha (TNF-)
blocking agents are routinely used to
treat several rheumatic diseases, with
good benefits for the patients. An in-
creased risk of tuberculosis infection
has been reported in patients treated
with anti-TNF-o drugs, particularly
with monoclonal antibodies (1-3). It
usually manifests as a reactivation of
latent tuberculosis infection (LTBI) in
the first year of treatment (4); although
newly acquired disease also occurs dur-
ing the treatment period (5). Tubercu-
losis represents a major health compli-
cation and leads to the administration
of potentially toxic therapy and to the
interruption or discontinuation of anti-
TNF-a treatment. It has been shown
that testing for LTBI before the initia-
tion of anti-TNF-o treatment signifi-
cantly decreases the risk of developing
active tuberculosis (TB) infection and
this testing has become routine (6, 7).
Screening includes a careful medical
history and chest x-ray, as well as the
tuberculin skin test (TST). There are
several factors that limit the usefulness
of the TST for accurate LTBI predic-
tion. In many countries, the Bacillus
Calmette-Guérin (BCG) vaccination
has been compulsory; consequently,
positive TST may be attributed to reac-
tion to antigens contained in the origi-
nal vaccine. On the other hand, disease
itself due to impaired T cell function,
or immunosuppressive treatment may
diminish the reactivity, leading to false
negative results (8-10). Interferon gam-
ma release assays (IGRA) have recently
been introduced into daily clinical prac-
tice (11-13). These assays are believed
to be more specific and can be used
repeatedly to check for changes during
treatment (14). The impact of repeated
use of these assays on the identification
of LTBI before anti-TNF-a therapy
and on detecting active tuberculosis
during treatment have not been fully
described. In this paper, we compared
the TST with the Quantiferon assay.
Both tests were performed at the same
time before treatment with anti-TNF-
a agents and the performance of both
tests was assessed during the longitudi-
nal follow-up of patients on treatment.
Furthermore, we examined the effect
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of the TST on subsequent interferon
release assays and estimated the ability
of lymphocytes to produce interferon
gamma (IFN-y) in response to mitogen
stimulation at different time points be-
fore and during anti-TNF-o treatment.

Materials and methods

Patients

Data were collected during routine care
in the Institute of Rheumatology from
June 2006 to November 2009 from pa-
tients screened before and/or during anti-
TNF-a treatment. They were consecu-
tive patients and all with clinical data
made available by treating physician
were included. The screening guidelines
for LTBI during the respective period of
time, imposed primarily by pulmonolo-
gists — Section for Tuberculosis of the
Czech Society of Pneumology and Phti-
seology required the simultaneous per-
formance of TST and interferon release
assay. These guidelines also required
frequent verification of both assays dur-
ing treatment. Quantiferon assays were
typically performed before treatment
and 3, 6, and 12 months after treatment
began, and then yearly during treatment;
while the TST was typically performed
before treatment and yearly. If both
tests were performed, they were done
simultaneously the same day or within
a difference of maximally one week.
The tests were performed more often if
required, usually after consultation with
a TB specialist.

The studied group consisted of 305 pa-
tients with rheumatoid arthritis (RA,
n=117), ankylosing spondylitis (AS,
n=110), and psoriatic arthritis (PsA,
n=6). There was also a group of patients
with polyarticular juvenile idiopathic
arthritis who all reached adult age at the
time of inclusion (JIA, n=72). Patients
were treated with infliximab (n=150),
adalimumab (n=79), and etanercept
(n=77). All the patients signed informed
consent and the institutional ethics com-
mittee approved the study.

Interferon release assay and
tuberculin skin test

The QuantiFERON-TB Gold (in-tube
method) (Cellestis, Chadstone, Aus-
tralia) (QFT) was used to measure
IFN-vy release from effector T cells.
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305 patients with QFT done
(303 at least 1x QFT while on therapy)

_{ TSTdone in 284 patients }_ 177 with Pre-Th QFT 128 On-Th
(175 both On-Th) QFTonly
141 73 70 7 Pre-Th 5 Pre-Th Negative 10 On-Th
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! 3 149 patients
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Fig. 1. Distribution of patients with Quantiferon (QFT) and tuberculin skin test (TST). Pre-Th — before
anti-TNF therapy initiation; On-Th — on anti-TNF therapy.

Table I. Characteristics and therapeutic data of the study population.

Patients, n 305

Gender, males/females, n 140/165
Age, years® 44.18+14.77
Diagnosis”

Anti-TNFa drug”
(25.2%)
Concomitant therapy
Glucocorticoids
Methotrexate
Leflunomide
Sulfasalazine
No DMARDs/GC therapy

RA=117 (38.4%); AS=110 (36.1%); PsA=6 (1.9%); JIA=72 (23.6%);
Infliximab=149 (48.9%); adalimumab=79 (25.9%); etanercept=77

RA 67.6%; AS 11.8%; PsA 83.3%; JIA 45.8%
RA 63.2%; AS 14.5%; PsA 33.3%; JIA 58.3%
RA 14.5%; AS 1.8% ; PsA 16.6%; JIA 12.5%
RA 5.9%; AS 25.4%; PsA 33.3%; JIA 12.5%

RA 11.1%; AS 65.4%; PsA 0%; JIA 18.1%

$Data are expressed as mean value +SD.
*Data are expressed as absolute number, n (%).

RA: rheumatoid arthritis; AS: ankylosing spondylitis; JIA: juvenile idiopathic arthritis; PsA: psoriatic
arthritis; DMARDs: disease-modifying anti-rheumatic drugs; GC: glucocorticoids. Concomitant thera-
py in some patients consisted of a combination of DMARDs.

The test was performed in 177 of pa-
tients before the start of anti-TNF-a
treatment (Fig. 1). These patients were
prospectively followed with further as-
sessments at least once after 3, 6, 12,
and 24 months. In selected patients, the
QFT was also performed 2 weeks after
the first infliximab infusion. Another
128 patients were assessed only during
the anti-TNF-a treatment with no pre-
treatment QFT results available. These
patients began receiving anti-TNF-a
treatment before QFT testing became
mandatory. The test was repeated regu-
larly in most patients; a single result
was available only in nine patients.

The QFT was performed according to
the manufacturer’s instructions. Briefly,
whole blood was cultured overnight
at 37°C and spontaneous (S), mitogen
stimulated (phytohemagglutinin) and
mycobacterium tuberculosis (MT) spe-

cific antigen (ESAT-6, CFP-10 and TB
7.7[p4]) stimulated INF-y production
were measured in plasma by ELISA.
The test is considered positive when
the difference between MT stimulated
production and spontaneous production
of IFN-y (MT-S) exceeds 0.34 TU/ml
and is greater than 25% of spontaneous
production at the same time. The result
is considered indeterminate when spon-
taneous production of IFN-y exceeds
8.0 IU/ml, when there is a low mitogen
induced IFN-vy production (<0.5 IU/ml)
along with MT-S production that is
lower than 0.35 IU/ml, or when MT-S
exceeds 0.34 IU/ml, but is lower than
25% of the spontaneous production.

Tuberculin skin tests were performed in
284 patients (Fig. 1). The test was car-
ried out by trained hospital staff before
and/or during anti-TNF-a treatment by
intradermal application of two T.U. in
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0.1 ml, which equals 0.04 g of tuber-
culin PPD RT 23 SSI (Statens Serum
Institut, Copenhagen, Denmark), into
the skin of the forearm. The induration
was measured after 48—72 hours. A di-
ameter of 5 mm and more was consid-
ered positive. The study was performed
in a BCG vaccinated population due to
mandatory vaccination in the Czech
Republic.

Statistics

Demographics, clinical characteristics,
and results are presented as descriptive
statistics. The continuous not-normally
distributed variables were analysed
by Wilcoxon signed rank tests, Anova
(Kruskal-Wallis test); correlation was
computed using Spearman correlation
coefficient; categorical data were ana-
lysed by % test and Fisher’s exact test.
The concordance of Quantiferon and
TST was assessed using percentage
agreement and K coefficient. We used
SPSS (SPSS, Chicago, Illinois), Graph-
Pad Prism 5 (GraphPad Software, La
Jolla, California), and QuickCalcs on-
line calculators (graphpad.com) for sta-
tistical analysis.

Results

Overall Quantiferon and

tuberculin skin test results

Basic characteristics of patients are
shown in table (Table I). QFT was posi-
tive in seven (3.9%) of the 177 indi-
viduals in whom the test was performed
before anti-TNF-a initiation. Ten pa-
tients (5.6%) had indeterminate results
(due to non-reactivity to mitogen stimu-
lation) and the QFT was negative in the
remaining patients. Of the 303 patients
that were studied at least once during
anti-TNF-a treatment, 18 (5.9%) tested
positive with the QFT (including three
patients positive at the pre-treatment
screening). Only four patients (1.3%)
had indeterminate test results, including
one patient who also had an indetermi-
nate result before treatment.

The TST was performed in 73 patients
both before and during treatment, in
141 patients only at pre-treatment
screening, and in 70 patients only dur-
ing anti-TNF-a therapy. Ninety (42%)
patients who were examined before
treatment had positive TSTs. When the
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TST was performed during treatment,
the test was positive at least once in 58
(38%) patients. In 73 patients with test
results before and during treatment,
four patients who initially tested nega-
tive tested positive by TST during the
course of therapy (three patients after
one year and one after three years).
None of these patients tested positive
in QFT. Since also clinical investiga-
tion was negative, which included new
chest X-ray, isoniazid was not given af-
ter a consultation with a TB specialist.

Effect of concomitant treatment

on the tuberculin skin test and
interferon gamma release assay before
anti-TNF-a therapy

Most patients were treated with gluco-
corticoids (GC) and/or disease modify-
ing antirheumatic drugs (DMARDs) at
the time of screening for anti-TNF-a
treatment (Table I). We compared the
effects of concomitant treatment on
the TST and QFT at screening in 167
and 177 patients, respectively. Patients
who were on GC and/or a combination
of GC with DMARDs, but not patients
on DMARD:s alone, had a significantly
lower frequency of positive TST re-
sults, compared to patients on no treat-
ment (Fig. 2). There was no effect of
concomitant treatment on median mi-
togen stimulated IFN-y production (no
treatment, 17.7 [95% CI 13.1 to 20.3;
n=47]; GC, 16.3 [95% CI 7.4 to 17.5;
n=12]; DMARDs, 13.0 [95% CI 104
to 18.2; n=50]; GC+DMARDs, 124
[95% CI 10.5 to 14.9; n=68]). All ten
patients (5.6%) who had indeterminate
results were on combination of GC and
DMARDs. Concomitant therapy did not
have any effects on spontaneous produc-
tion, which was very low in all patients
(data not shown).

Characteristics of QFT positive
patients

QFT was positive in a total of 22 patients.
Seven patients who tested positive at
the pre-treatment screening received six
months of isoniazid (INH) prophylaxis;
four of these patients tested negative
within six months, and six of them were
negative at the first annual check-up. All
seven patients were treated with anti-
TNF-a agents and none developed TB.

Fig. 2. Tuberculin skin test results 50-
in relation to concomitant therapy
in patients before anti-TNF-a
treatment. Patients receiving GC
treatment either alone (p=0.0172)
or in combination with DMARDs
(p=0.0003), or both groups to-
gether (GC and GC+DMARD:s)
(p<0.0001) had positive TSTs sig-
nificantly less frequently than pa-
tients not receiving concomitant
therapy. No significant difference
was found between patients not re-
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disease-modifying anti-rheumatic
drugs.
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Concomitant therapy

In five patients, the screening QFT
was negative but the test became posi-
tive during anti-TNF-a treatment. Two
of these patients developed active TB.
The first was a 33-year old male with
ankylosing spondylitis with negative
pre-treatment QFT. The TST was 4 mm,
there were no signs of TB on chest X-
ray, and his history was negative. There
was no need for isoniazid prophylaxis.
The QFT was re-checked after two
weeks, after the patient received only
one infliximab infusion. This repeated
QFT was positive and the patient rap-
idly developed pulmonary TB. He was
successfully treated with a combination
of anti-tuberculosis drugs. The second
patient was a 38-year old male with an-
kylosing spondylitis, treated with adali-
mumab, who was also QFT negative at
screening. His TST was 13 mm. There
were no signs of TB on high resolution
computer tomography scan of his chest
(HRCT). Since this patient had a hepat-
opathy, adalimumab was started without
INH prophylaxis after consultation with
a TB specialist. The QFT was checked
after three months and after one year of
treatment and both results were nega-
tive. However, at 18 months, the pa-
tient’s QFT was positive. The TST was
repeated and was positive at 14 mm.
HRCT showed tuberculous cavity, pleu-
ral effusion, and TB dissemination in the
lungs. Adalimumab was discontinued
and the patient was successfully treated
with a combination of antituberculosis
drugs.The other 3 positive patients re-
ceived isoniazid treatment for 6 months,
resumed anti-TNF treatment and tested
negative in QFT after 3—12 months.
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In the remaining 10 positive patients,
the pre-treatment QFT was not avail-
able. One patient was first tested with
the QFT after two years of anti-TNF-
o treatment. Initial QFT at 1 year was
negative, but the patient tested positive
one year later. The first available QFT
during anti-TNF-a treatment was posi-
tive in nine patients (duration of treat-
ment: 1 year — 1 patient; 2 years — 2 pa-
tients; 3 years — 4 patients, and 4 years
— 1 patient), three of whom later tested
negative 12 (two patients) and 24 (one
patient) months later. All 10 patients
received INH for six months and none
developed TB. All these patients contin-
ued anti-TNF-a treatment with interrup-
tions of varying lengths.

Comparison between Quantiferon

and TST results

In 161 patients, the pre-treatment QFT
and TST were performed at the same
time (one patient was tested twice); in
149 patients, both tests were simulta-
neously administered 198 times while
receiving anti-TNF-o therapy. The
QFT was positive in 12.1% of the pa-
tients with positive TSTs and in 2.2%
of patients with negative TSTs, when
performed simultaneously. A good pro-
portion (34.6%) of Quantiferon nega-
tive tests were TST positive and 31.3%
of QFT+ tests were TST negative at the
same time (Fig. 3). After excluding in-
determinate results, there was a poor
agreement between the two tests (66%
concordance; k=0.121). Patients with
a positive QFT had significantly larger
mean indurations in the TST (10.7 mm
[95%CI 7.3-14.2] vs. 3.8 mm [95% CI
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30- p<0.0001 Fig. 3. Comparison of Quantiferon
— (QFT) and tuberculin skin test (TST)
results. The induration diameter in
TSTs is compared with the results
. A from the QFT when both tests per-
formed simultaneously. Horizontal
- line at 5 mm is the arbitrary positive
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TST indurations.
E ':: Q.FT::/i Quaqtiferon positive/negzll-
E 595 tive/indeterminate; TST+ TST posi-
- un csce tive/negative.
| L] XYY
ﬂ - eseee
- ALy X1}
10— L L} BTIELSTIABGEBCIE
- ..
- e eesssee
€0 N ¢ 0
- » o EmRRSn @ @ A
. LA SRR
LL]
0 T T L
QFT + QFT - QFTi
p ~ 0.003 Fig. 4. Mycobacterium tuberculosis
lﬁ antigen stimulated IFN-y produc-
tion before and after application of
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There was a significant increase in
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3.2-44], p<0.0001). When absolute
levels of MT stimulated minus sponta-
neous IFN-y production (MT-S) were
compared in IU/ml to the diameter of
the TST result in millimetres in each
patient, there was a weak but significant
correlation (Spearman correlation coef-
ficient r=0.1374, p=0.009, n=357).

TST — QFT interaction
The potential sensitisation to tubercu-
lous antigens due to the exposure to

tuberculin during skin testing and the
effect on the QFT performance were
investigated in 22 patients scheduled
for treatment with infliximab. These
patients were first screened with the
Quantiferon assay (QFT1) and tuber-
culin skin test, which was applied on
the same day or a short time after the
QFT1. Blood for the next Quantiferon
test (QFT2) was taken before admin-
istration of the first infliximab infu-
sion, a median of 2 weeks (minimum

115

0.5, maximum 5.0 weeks) after the
TST. Median IFN-y levels (measured
as MT-S) detected in the QFT2 sig-
nificantly increased after application of
tuberculin (from -0.01 [95%CI -0.02—
0.01] IU/ml in QFT1 to 0.005 [95%CI
0.00-0.04] TU/ml in QFT2; p<0.003
[Fig. 4]); however, none of these QFTs
was positive. There was no change in
spontaneous IFN-y production.

IFN-vy release before and during
anti-TNF-a treatment in response to
mitogen stimulation

Stimulation with mitogen reflects the
ability of peripheral blood mononu-
clear cells to produce IFN-y. In the
QFT, phytohaemagglutinin (PHA)
stimulation is instrumental as an in-
ternal positive control. We assessed
PHA stimulated IFN-y production in
177 individuals with pre-treatment
QFT results available and compared
it with PHA stimulated IFN-y produc-
tion in patients receiving anti-TNF-a
therapy after two weeks (n=64) and
3 (n=75), 6 (n=27), 12 (n=116), and
24 (n=33) months of treatment. There
were significant increases in median
PHA stimulated IFN-y production af-
ter 3 months (15.0 [95%CI 12.8-18.4)
vs. 18.9 [95%CI 17.3-21.0] IU/ml) as
well as after 6 months (13.6 [95%CI
10.3-17.3] vs. 239 [95% CI 20.7-
25.3] IU/ml), 12 months (13.1 [95%CI
11.7-15.4) vs. 23.4 [95%CI 20.8-23.8]
IU/ml), and 24 months (5.5 [95%CI
5.9-13.1] vs. 23.8 [95%CI 20.1-28.0]
IU/ml) (Fig. 5).

Discussion

The tuberculin skin test and, more re-
cently, Quantiferon assay have been
used for detection of latent tuberculosis
in patients considered for anti-TNF-a
treatment. In this study, we addressed
several questions regarding these tests.
We found a high number of patients
with positive TSTs both before and
during anti-TNF-a therapy. Treatment
with glucocorticoids and/or DMARDs
compromises sensitivity of TST (9)
and despite this fact we still detected
positivity in around 40% of patients.
The tests in these patients are most
likely positive due to compulsory BCG
vaccination (15) in the Czech republic,
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Fig. 5. Patients on anti-TNF-a. treatment at 2 weeks and 3, 6, 12, and 24 months. The graph shows
the median changes from before therapy in phytohaemagglutinin (PHA) induced IFN-y production
(IU/ml) at various time points. The median PHA stimulated IFN-y production significantly increased
starting from month 3, in comparison with production at pre-treatment, when treated with TNF-a

neutralising agents.

which is a country with a low incidence
of tuberculosis (6.8 per 100.000 in
2009) (16). Apart from BCG vaccina-
tion, we also cannot rule out a contribu-
tion of cross-reaction with non-tuber-
culous mycobacteria (17). Therefore,
we confirm that the TST is not a spe-
cific for latent TB and a positive result
should not be used as the sole indicator
for isoniazid treatment, since too many
patients would be exposed to a poten-
tially toxic therapy unnecessarily.

Substantially fewer patients showed
positivity in the QFT than the TST. The
QFT is not affected by previous BCG
vaccination and any positive finding
should be interpreted as specific for
latent or active tuberculosis. A change
in a patient’s test result to positive dur-
ing anti-TNF-o treatment may indicate
the development of active disease, as
documented in the two of 5 such cases
described here. In the first case, TB de-
veloped extremely rapidly, a few weeks
after the start of infliximab, and we
detected the positive change by QFT
after just one infusion. The assay was
repeated so early because this patient

was a member of a substudy investigat-
ing the potential effect of anti-TNF-a
on the ability to produce IFN-y. In the
second case, a positive QFT occurred
after long-term treatment with adali-
mumab and correctly predicted active
TB; whereas, the TST remained the
same, although positive. These obser-
vations underscore the good sensitivity
and predictive capacity of the assay.

There is no gold standard to determine
LTBI. However, none of the patients
who were QFT positive at pre-treat-
ment or who tested positive during
anti-TNF-o treatment and were treated
with isoniazid developed tuberculosis.
Besides, there were not any cases of
TB in patients who were TST positive
and QFT negative. This finding sug-
gests that preventive treatment should
be given only to those with a positive
QFT, which would reduce exposure to
isoniazid. A question is the length of
the isoniazid treatment that varies in
different countries, usually from 6 to 9
months. Generally, it seems that longer
duration is optimal (18). Guidelines in
our country recommend 6-month du-
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ration of isoniazid therapy, which, in
the limited number of our patients, ap-
peared to be sufficient, because none of
our treated patients developed TB.

An interesting observation is the re-
version of positive QFT into negativ-
ity in 12 out of 20 patients who were
treated with isoniazid and had the test
rechecked after six to twelve months.
This was previously noted in 25% of
Japanese patients who were in contact
with TB, tested positive for QFT and
were treated with isoniazid for 6 months
(19). Most studies, however, describe
remaining positivity in QFT after isoni-
azid treatment in a majority of patients
(20). Patients who completed therapy
showed a significant decrease of IFN-
gamma response to mycobacterial anti-
gens but did not reverted into negativ-
ity (21). It has been suggested that the
immune response may be dependent
on pathogen replication and antigenic
load (21), which would point to a pos-
sibility that it was both low in our pa-
tients. What is the significance of test
reversion and whether it can be used to
measure treatment success is currently
unknown (22).

Intradermal injection of tuberculin
may theoretically lead to sensitisation
to TB antigens and interfere with the
QFT assay. We have tested this pos-
sibility in a group of patients who had
a TST performed between two QFTs,
with a short interval inbetween, before
any anti-TNF-o treatment. There was
a small, but significant increase in the
level of IFN-y production, which sug-
gests the QFT should be done first, be-
fore the TST, if both tests are planned.
In our cohort, we did not see a conver-
sion from a negative to positive result
in the QFT.

One explanation for activation of tuber-
culosis in patients treated with TNF-a
neutralising agents includes their pos-
sible effect on the ability to produce
IFN-vy. Therefore, our finding of a clear
increase in mitogen induced IFN-y
production in patients on anti-TNF-a
therapy was somewhat unexpected.
Several investigators reported suppres-
sive effects of anti-TNF-a agents on
IFN-y production (23-28); yet, these
were mainly in vitro studies. NK cells
have been described as one of the major
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sources of IFN-y and, recently, a signifi-
cant increase in the proportion of IFN-y
producing NK cells was detected after
4 months of treatment with adalimu-
mab (29). Similarly, infliximab treat-
ment induced a significant increase in
the number of cells secreting IFN-y in
patients with Behget’s disease (30). Our
results show that at least the phytohae-
magglutinin response of lymphocytes
is not suppressed, but rather increased
after anti-TNF-a treatment.

In summary, we found the Quantiferon
assay was less frequently positive in
patients before and during anti-TNF-a
treatment than the tuberculin skin test.
The fact that only two patients devel-
oped tuberculosis and clinical symp-
toms in both of them were preceded by
a conversion to a positive Quantiferon
test seems to indicate that this test is
more specific. Use of the Quantiferon
test may prevent unnecessary admin-
istration of potentially toxic isoniazid.
Administration of tuberculin mildly
sensitises patients to TB antigens and in-
creases the response in the Quantiferon
assay. If both tests are to be performed,
the Quantiferon should be done first.
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