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Abstract In rheumatoid arthritis (RA) patients treated
with inXiximab (IFX), QuantiFERON-TB Gold (QFT-G),
an interferon � assay for diagnosing tuberculosis infection,
was performed to compare its eVectiveness to conventional
diagnostic procedures (tuberculin skin test, imaging and
medical history) in diagnosing latent tuberculosis infection
(LTBI). QFT-G was measured bimonthly in 14 rheumatoid
arthritis patients during IFX treatment. Seven of 14 patients
were conWrmed as LTBI positive by at least one method. Of
these, four were positive on QFT-G during the study
period, and two were positive before the start of IFX

administration. For two of the four QFT-G-positive
patients, LTBI was diagnosed only by QFT-G. The rate of
agreement between QFT-G and conventional procedures
was 64.3%. A total of 5% of QFT-G tests were impossible
to judge due to decreased reactions in the positive control.
These results suggest that QFT-G is able to detect LTBI in
RA patients overlooked by conventional methods. Conven-
tional procedures and QFT-G should be employed in paral-
lel, and LTBI should be assumed when one technique gives
a positive result.

Keywords Interferon � assay · Latent tuberculosis 
infection · Rheumatoid arthritis · InXiximab · 
Tuberculin skin test

Introduction

As a therapeutic drug for rheumatoid arthritis (RA), anti-
TNF inhibitors show prompt, speciWc anti-inXammatory
action and joint destruction depression eVects, and have
thus become important in intractable RA treatment [1]. On
the other hand, the frequent occurrence of opportunistic
infections is of concern due to the artiWcial inhibition of
TNF. As anti-TNF inhibitors have become more widely
used in RA treatment, increases in the incidence of tubercu-
losis infection have been reported [2, 3]. Because these
cases represent reactivation of endogenous infection, onset
may be prevented by prophylactic administration of isonia-
zid (INH) if latent tuberculosis infection (LTBI) can be
adequately detected before initiating anti-TNF therapy [4].
However, conventional techniques are insuYcient to iden-
tify LTBI, i.e., in-depth history (history of treatment, con-
tact with active TB patients), imaging (chest X-ray and CT)
and tuberculin skin test (TST). Furthermore, it is diYcult to
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diagnose LTBI based on the results of TST alone, as the
Bacillus Calmette-Guerin (BCG) vaccine is widely used in
various countries, including Japan [5].

Therefore, an interferon � assay for ESAT-6 and CFP-
10, both of which are speciWc proteins for Mycobacterium
tuberculosis and are not present in BCG, has been put to
practical use in recent years. The advantages of interferon �
assay in the diagnosis of LTBI are reported to be high in
speciWcity and sensitivity [6–8]. However, there have been
no reports regarding the utility of interferon � assay in anti-
TNF inhibitor treatment for RA. We performed an observa-
tional study focusing on the utility of LTBI monitoring by
QuantiFERONTM-TB Gold test (QFT-G, Cellestis, Aus-
tralia), an interferon � assay, in RA patients scheduled for
treatment or undergoing treatment with inXiximab (IFX),
an anti-TNF inhibitors, and the results were compared with
conventional diagnostic approaches. In addition, we exam-
ined the serial changes in measurement of QFT-G during
IFX administration.

Materials and methods

Study population

We performed an observational study of 14 patients with
RA in whom the presence of active tuberculosis infection
was excluded prior to initiation of IFX administration at
Sapporo Medical University Hospital. For this, QFT-G
measurement was started before IFX administration in
three patients. QFT-G measurement was started before the
Wfth administration of IFX in two patients and before the
seventh administration of IFX in nine patients. Chronologic
measurement of QFT was performed in alternate months.
The study was approved as a clinical audit by the hospital
research committee and all participants provided written
informed consent. We estimated patients as being LTBI
according to the following conditions and INH prophylaxis
was performed [9]; history of tuberculosis treatment or
close contact with an infected person, abnormal Wndings on
chest X-ray suggestive of old tuberculosis (calciWcation
shadows more than 5 mm, pleural thickening, linear opaci-
ties), TST with redness at least 20 mm in diameter or the
presence of induration, or positive result on QFT-G (more
than 0.35 IU/ml). Treatment with INH was initiated at
300 mg/day and continued with pyridoxine supplementation.

Patient characteristics (Table 1)

The mean age was 48.6 years (range 18–64 years), and the
male/female ratio was 3:11. Methotrexate (MTX) was used
in all patients and prednisolone was administered at an
average of 5.8 mg/day in 12 of 14 patients. There was no

change about medications just before start of IFX therapy.
The average number of treatments with IFX was 15 (range
1–24). IFX treatment was canceled in case 2 due to a
history of tuberculous lymphadenitis and positive QFT-G
after initiation of IFX treatment. INH prophylaxis was
performed in cases 1, 2, 3, 6 and 7 by the condition men-
tioned above. Of these, INH administration was started
based on medical history in case 3, but liver dysfunction
developed, and INH was terminated in four weeks. How-
ever, INH was not used in spite of positive result of TST in
case 8 because IFX treatment had been initiated before the
release of Japanese guidelines for prescribing anti-TNF
agents. INH was not used in case 4 due to the transient
positivity of QFT-G.

QuantiFERON-TB gold

Testing was performed at the First Department of Pathol-
ogy according to the manufacturer’s recommendations.
BrieXy, the test consisted of a negative control (nil well,
i.e., whole blood without antigens or mitogen), a positive
control (mitogen well, i.e., whole blood stimulated with the
mitogen phytohemagglutinin [PHA]) and two sample wells,
i.e., whole blood stimulated with either of the M. tuberculo-
sis-speciWc antigens, Early Secretory Antigen Target 6
(ESAT-6) or Culture Filtrate Protein 10 (CFP-10). Whole
blood specimens were incubated for 16–20 h (overnight) at
37°C in a humidiWed atmosphere. IFN � levels in the nil
well were considered background and were subtracted from
the results of the mitogen well and the antigen-stimulated
wells. The results were considered positive if the concentration

Table 1 Patient characteristics

IFX InXiximab, MTX methotrexate, PSL prednisolone, CsA cyclospor-
ine A, INH isoniazid

Case Age 
(Year/Sex)

NO of IFX 
treatment

Medications
except MTX

Prophylaxis 
by INH

1 63/Male 10 PSL +

2 50/Male 1 PSL +

3 50/Female 8 PSL §
4 46/Female 12 PSL ¡
5 44/Female 12 PSL ¡
6 64/Female 18 PSL +

7 61/Female 17 ¡ +

8 51/Female 24 CsA ¡
9 18/Female 18 PSL ¡
10 50/Female 18 PSL ¡
11 35/Female 18 PSL ¡
12 51/Female 18 PSL ¡
13 43/Female 18 PSL ¡
14 54/Male 18 PSL ¡
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of IFN � in the sample well after stimulation with ESAT-6
and/or CFP-10 was greater than or equal to 0.35 IU/ml
(after subtracting the value of the nil well), regardless of the
results of the positive control (mitogen well). The results
were considered negative if the response to the speciWc
antigens (after subtracting the value of the nil well) was less
than 0.35 IU/ml and if the IFN � levels of the positive con-
trol (after subtracting the value of the nil well) were greater
than or equal to 0.5 IU/ml. The results were considered
indeterminate if both antigen-stimulated sample wells were
negative (i.e., <0.35 IU/ml after subtracting the value of the
nil well) and if the value of the positive control well was
less than 0.5 IU/ml after subtracting the value of the nil
well.

Results

QFT-G measurement results (Table 2)

Tuberculosis infection including extrapulmonary involve-
ment was not seen during the study period. The mean
observation period after initiation of IFX treatment was
28.3 months (range 13–44 months). The average number of
QFT-G measurements was 4.3 (range 2–8). In cases 1–3,
measurement of QFT-G was performed of before the start
of IFX administration. Positive QFT-G was observed in
four patients (cases 1, 2, 4 and 7) irrespective of IFX
administration, and two patients were positive on QFT-G
before IFX administration. Indeterminate results were
observed in three of 60 tests (5%) due to inadequate pro-
duction of IFN � by PHA stimulation. Of these, case 8
recorded indeterminate results twice, and this patient was
treated with cyclosporine A together with MTX.

QFT-G in LTBI detection and comparison 
with conventional diagnostic procedures (Table 3)

When it was deWned as LTBI by positive result of either
QFT-G or conventional diagnostic procedures, seven
patients were taken as LTBI. QFT-G was positive in four of
14 patients. As for two of four patients, existence of LTBI
was proved only by QFT-G. The number of cases diag-
nosed as having LTBI by TST, imaging (chest X-ray, CT),
and medical history was 4/14, 1/14 and 4/14, respectively.
Medical histories supporting diagnosis of LTBI included
treatment history of pulmonary tuberculosis (two cases),
tuberculous lymphadenitis (one case) and family history
with childhood tuberculosis in patient’s son (one case). In
QFT-G and traditional approaches (TST, chest X-ray, med-
ical history), both were negative in seven cases and both
were positive in two cases. Accordingly, the rate of agree-
ment was 64.3%.

Chronologic changes in QFT-G during administration 
of anti-TNF inhibitor (Fig. 1)

Measurement of QFT-G was repeated more than four times
in nine patients. The chronologic changes are shown in
Fig. 1 according to each antigen (ESAT-6 and CFP-10).
INH prophylaxis was performed in cases 1, 2, 3, 6 and 7.

Table 2 QFT-G measurement results

QFT-G QuantiFERON-TB, INH isoniazid

Case NO of 
QFT 
assay

QFT-G assay Observational 
period (M)

Negative Positive Indeterminate

1 7 0 7 0 16

2 2 0 1 0 31

3 4 3 0 0 13

4 4 2 1 1 20

5 2 2 0 0 20

6 7 7 0 0 32

7 8 2 4 0 29

8 4 2 0 2 44

9 5 4 0 0 32

10 2 2 0 0 32

11 4 3 0 0 31

12 3 3 0 0 32

13 4 3 0 0 32

14 4 3 0 0 32

Table 3 Comparison of QFT-G with other procedures for LTBI diag-
nosis

LTBI Latent tuberculosis infection, QFT-G quantiFERON-TB, TST
tuberculin skin test, ND not determine

Case QFT results TST 
test

Chest 
X-ray

Medical 
history

Pretreatment During treatment

1 + + ¡ ¡ ¡
2 + ¡ + ¡ +

3 ¡ ¡ + ¡ +

4 ND + ¡ ¡ ¡
5 ND ¡ ¡ ¡ ¡
6 ND ¡ ¡ + +

7 ND + + ¡ +

8 ND ¡ + ¡ ¡
9 ND ¡ ¡ ¡ ¡
10 ND ¡ ¡ ¡ ¡
11 ND ¡ ¡ ¡ ¡
12 ND ¡ ¡ ¡ ¡
13 ND ¡ ¡ ¡ ¡
14 ND ¡ ¡ ¡ ¡
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QFT-G levels (ESAT-6 in particular) tended to decrease
after initiating INH in case 2 and case 7. On the other hand
decreased levels on QFT-G were not observed in case 1, in
which QFT-G was positive before administration of IFX.
Drastic changes were absent during the observational
period in cases giving negative results at the beginning of
IFX administration.

Discussion

Due to the drawbacks of LTBI diagnosis by conventional
approaches (medical history, imaging and TST), QFT-G, an
interferon � assay for M. tuberculosis-speciWc ESAT-6 and
CFP-10, was developed. QFT-G is reported to have high
speciWcity and sensitivity for diagnosis of tuberculosis
infection, as it is not aVected by BCG vaccination [8].
According to recent reports, interferon � assay exceeded
TST in both sensitivity and speciWcity in the diagnosis of
tuberculosis infection in immunocompetent individuals
[6, 7]. To our knowledge, however, there have been no
reports regarding the utility of interferon � assay in LTBI
detection with anti-TNF inhibitor use, and even the CDC
guidelines do not mention the utility of QFT-G [10, 11]. In
order to compare QFT-G with conventional approaches for

the diagnosis of LTBI during IFX administration, we thus
performed this observational study.

Although it was impossible to calculate the sensitivity
and speciWcity due to the lack of a gold standard for LTBI,
the present study showed that seven patients were judged as
having LTBI according to conditions described above.
Accordingly, the rate of agreement between conventional
methods and QFT-G was 64.3%. On the other hand, excel-
lent agreement between TST and QFT-G was reported
(more than 90%) in contacts in a tuberculosis outbreak
[8, 12, 13]. This diVerence may be explained by the follow-
ing problems related to TST; false positivity due to BCG
vaccination and atypical mycobacterial infection, and false
negativity caused by immunosuppression (aging, immuno-
suppressive drugs such as corticosteroid, diabetes mellitus
and renal failure). In particular, RA patients treated with
MTX and IFX tend to be under immunosuppressive condi-
tions and the utility of TST decreases.

In particular the concern of our study was that only
QFT-G was able to conWrm LTBI in two patients. Although
caution is required when QFT-G is positive and conven-
tional approaches are negative, it is reasonable to consider
QFT-G positivity as being LTBI, as several reports have
demonstrated the high sensitivity and speciWcity of QFT-G
[6–8]. QFT-G positivity should be judged as Th1 type T
cells responding M. tuberculosis, and thus INH prophylaxis
is imperative during IFX treatment in RA patients [14]. In
some cases, however, QFT-G did not present positive
results where LTBI was diagnosed by conventional proce-
dures. QFT-G was negative in three of Wve patients judged
as having LTBI conventionally. These results are consistent
with reports that TST has higher sensitivity than interferon
� assay for diagnosis of LTBI in old tuberculosis infection
cases [15, 16]. In addition, since longer incubation periods
are necessary for detection of LTBI, assay conditions may
need to be adjusted in the case of RA patients treated with
IFX [17].

Further examination is necessary regarding cases 2, 3, 6
and 8, as INH prophylaxis was necessary according to con-
ventional procedures, while QFT-G was negative. In fact,
QFT-G negativity during anti-TNF inhibitor administration
does not necessarily support the absence of tuberculosis
infection according to CDC recommendations [10]. There-
fore, it is impossible to conWrm the presence of LTBI based
on the results of QFT-G alone. The results of conventional
diagnostic methods (TST, imaging and medical history)
and QFT-G should be used in parallel, and INH prophy-
laxis should be initiated if any method gives a positive
result.

It has been reported that the rate of indeterminate test
results is higher for QFT-G and is associated with immuno-
suppression [6]. One study in children reported a 17% rate
of indeterminate QFT-G results [16]. However, only 5%

Fig. 1 Serial measurement of QFT-G during treatment with
inXiximab. QFT-G values in the nine cases that were measured more
than four times are shown according to each antigen. *QFT-G Quanti-
FERON-TB Gold, ESAT-6 early secretory antigen target 6, CFP-10
culture Wltrate protein 10
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cases could not be evaluated in the present study, despite
the use of IFX associated with MTX and corticosteroids.
Thus, there do not seem to be any serious problems with the
clinical application of QFT-G to RA patients treated with
IFX and MTX.

The inXuence of INH on QFT-G responsiveness remains
undetermined, although it has been reported that sensitivity
of interferon � assay is low in comparison with TST after
treatment for active tuberculosis infection [13]. In this
study, INH prophylaxis was performed in four spatients
(cases 1, 2, 6 and 7). Of these patients, a decrease in QFT-G
value under INH prophylaxis was observed in cases 2 and
7. These Wndings support the notion that administration of
INH causes a decrease in QFT-G value. At present, it is
uncertain whether QFT-G negativity is suYcient grounds to
stop INH administration. Cases presenting positive QFT-G
should thus be followed for future investigations.

Several potential limitations in this study should be con-
sidered when interpreting the results. Firstly, the study pop-
ulation was small and we could not perform QFT-G before
the start of IFX administration in all cases. Secondly, we
could not establish a study group in which no INH prophy-
laxis was performed despite a positive QFT-G. To conWrm
the utility of QFT-G in LTBI diagnosis for the purposes of
preventing tuberculosis onset associated with anti-TNF
inhibitor treatment, it is necessary to compare the incidence
rate of tuberculosis onset among four groups classiWed with
respect to positive or negative QFT-G before IFX and INH
use or non-use. However, it is unrealistic to perform the
above-mentioned comparison because of the present condi-
tion that IFX is used for RA treatment, with due consider-
ation given to tuberculosis prophylaxis. Thus, we
performed an observational study and compared QFT-G
with conventional approaches for diagnosis of LTBI. Fur-
ther investigations into the performance of QFT-G in those
with immunosuppression are required in order to under-
stand the better performance of QFT-G in detecting LTBI.

Conclusion

Although the advantages of QFT-G in the diagnosis of
LTBI are reported to be high in speciWcity and sensitivity,
there have been no reports regarding the utility of QFT-G in
anti-TNF inhibitor treatment for RA. We performed the
study focusing on the utility of LTBI monitoring by QFT-G
in RA patients with IFX treatment, and the results were
compared with conventional approaches (tuberculin skin
test, imaging and medical history). Seven of fourteen
patients were conWrmed as LTBI positive by at least one
method. Of these, four were positive on QFT-G during the
study period, and two were positive before the start of IFX
administration. The rate of agreement between QFT-G and

conventional procedures was 64.3%. A total of 5% of QFT-
G tests were impossible to judge due to decreased reactions
in the positive control. These results suggest that QFT-G is
able to detect LTBI in RA patients overlooked by conven-
tional methods during IFX administration. Conventional
procedures and QFT-G should thus be employed in parallel,
and LTBI should be assumed when one technique gives a
positive result, after which prophylactic INH should be
administered.
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