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ABSTRACT: The present authors assessed risk factors that can promote indeterminate results of

QuantiFERON TB-2G (QFT-2G; Cellestis Ltd, Carnegie, Australia) tests.

The subjects were 704 patients with suspected tuberculosis (TB) and latent TB infection

between January 2005 and December 2007. The QFT-2G test and the tuberculin skin test (TST)

were performed for all subjects. If the results of the QFT-2G test were indeterminate, the test was

repeated within 1 month.

In total, 72 (10.2%) patients showed indeterminate results on the QFT-2G test. Indeterminate

results were due to positive control failure in 68 (88.9%) patients and negative control failure in

four patients. The results of the TST were negative for 64 patients showing indeterminate results,

the remaining eight patients showed a positive response to the TST. Indeterminate results were

significantly associated with elderly and immunocompromised patients. Lymphocytopaenia and

hypoalbuminaemia were significantly associated with indeterminate laboratory findings. When

the QFT-2G test was repeated for all patients showing indeterminate results, 12 (16.7%) patients

demonstrated determinate results on the subsequent test.

Indeterminate results of the QuantiFERON TB-2G test under routine clinical practice are not

infrequent. When scoring QuantiFERON TB-2G test results for elderly and immunocompromised

patients, one must be careful because the possibility of obtaining determinate results may be low

even if the test is repeated.
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I
ndeterminate results have been reported with
a frequency of 5–40% for the QuantiFERON
TB-2G (QFT-2G; Cellestis Ltd, Carnegie,

Australia) test [1–5]. The present authors assessed
the risk factors that can influence indeterminate
results when using the QFT-2G test in routine
clinical practice and compared the clinical char-
acteristics of patients with indeterminate results
from the QFT-2G test to those of patients with
determinate results from the QFT-2G test.

SUBJECTS AND METHODS
The current study was approved by the Ethics
Committee of the Kawasaki Medical School
(Kurashiki, Japan). In total, 704 patients with
suspected tuberculosis (TB) and latent TB
infection (LTBI) were prospectively enrolled
between January 2005 and December 2007.
Subjects had been consulted at the Kawasaki
Medical School Hospital, Kawasaki Medical
School Kawasaki Hospital (Okayama, Japan),
Kurashiki Central Hospital (Kurashiki, Japan),

Kurashiki Daiichi Hospital (Kurashiki, Japan) and
Asahigaoka Hospital (Okayama, Japan). Informed
written consent was obtained from all participants
in the present study. All patients, except for five,
had negative serological tests for HIV or showed
an absence of obvious risk factors for HIV
infection. Demographic, clinical, radiological and
microbiological data were collected for all patients.
Collected data included any history of a previous
TB disease and risk factors for TB and LTBI. A
diagnosis of TB was definitively confirmed by
culture of sputum, bronchoalveolar lavage fluid or
pleural fluid samples that were positive for
Mycobacterium tuberculosis microbiologically.

Tuberculin skin test
For the tuberculin skin test (TST), 0.1 mL of
tuberculin purified protein derivative (PPD;
Nippon BCG, Tokyo, Japan; equivalent to three
tuberculin units of PPD solution) was injected
intradermally into the volar aspect of the forearm,
and the transverse induration diameter was
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measured 48 h later. The TST results were interpreted according
to the level of risk, as reported in current guidelines [6].

The QFT-2G test
The QFT-2G test was performed according to the recommen-
dations of the manufacturer. This judgment was performed
according to the guidelines proposed by the Centers for
Disease Control and Prevention (CDC) for using the QFT-2G
test [7]. The QFT-2G test was repeated for all patients with
indeterminate results, within 1 month.

Statistical analysis
Information from the questionnaires, TST results and whole-
blood interferon (IFN)-c assay results were subjected to
statistical analysis. The QFT-2G and TST results or indetermi-
nate and determinate results of the QFT-2G test were
compared using the Chi-squared test. The Wilson score
method was used to calculate 95% confidence intervals for
the positive rate of both tests [8].

RESULTS
The QFT-2G test and the TST results for patients suspected of
TB and LTBI or confirmed to have TB are shown table 1.
Among the 704 patients suspected of TB and LTBI, 72 patients
were judged indeterminate with the QFT-2G test. The judge-
ment of indeterminate result was attributed to positive control
failure in 68 patients and negative control failure in the
remaining four patients. Eight patients had positive TST
results despite indeterminate results from the QFT-2G test.
These eight patients showed a correlation with risk factors for
TB and LTBI and radiological findings suggestive of previous
TB disease; seven of these eight patients had previously
received TB treatment. Among the 130 patients with confirmed
TB disease, 14 (10.8%) patients demonstrated indeterminate
results from the QFT-2G test and they all showed a negative
TST response. The rate of positive QFT-2G test results (83.1%)
was significantly higher compared with TST (60.0%) results in
130 patients with confirmed TB disease. Although the QFT-2G
test was repeated within 1 month for 72 patients showing
indeterminate results, only 12 (16.7%) patients showed
determinate results on the subsequent test (two positive results
and 10 negative results). Although two patients showed

positive results after the initial indeterminate results from the
QFT-2G test at the first examination, the reason was suspected
to be the discontinuation of immunosuppressive drugs for the
underlying disease and recovery of the number of lympho-
cytes (from 210 to 860 mL-1 and from 640 to 1,012 mL-1).

The age distribution of patients showing indeterminate results
on the QFT-2G test is shown in figure 1. Indeterminate results
were significantly more frequent among elderly patients
(o80 yrs old) than among other age groups. Although
indeterminate results in children (,10 yrs old) were more
frequent than in other age groups, there was no significant
difference.

There were no significant differences by year (2005, 2006 and
2007) or by season (January–March, April–June, July–
September and October–December) for transitional changes
in the rate of indeterminate results on the QFT-2G test.

The clinical characteristics of 72 patients with indeterminate
QFT-2G test results and the remaining 632 patients with
determinate QFT-2G test results are shown in table 2. The
mean age of patients showing indeterminate results was
significantly higher than those showing determinate results
(p50.012). Concerning underlying diseases, the number of
patients receiving immunosuppressive treatment was signifi-
cantly higher among patients showing indeterminate results
than among those showing determinate results (p50.0008).
However, the number of patients without underlying diseases
was significantly higher among patients with determinate
results than among those with indeterminate results (p50.009).

The laboratory and radiological findings of 72 patients with
indeterminate QFT-2G test results showed that leukocytopae-
nia (p50.024), lymphocytopaenia (p50.011) including CD4
lymphocytopaenia (p50.007), hypoproteinaemia (p50.028),
and hypoalbuminaemia (p50.033) were significantly recog-
nised in patients with indeterminate results more frequently
than in those with determinate results (table 2).

DISCUSSION
In previous reports, it has been indicated that the sensitivity
and specificity of the QFT-2G test were 59–89% and 70–98%,
respectively [9–11]. The majority of the QFT-2G test was
classified into positive or negative reactions and only a small
proportion of QFT-2G tests were judged indeterminate. In the
present study, 72 (10.2%) of 704 patients suspected of TB and
LTBI demonstrated indeterminate QFT-2G test results accord-
ing to CDC guidelines [7]. In a previous report, FERRARA et al.
[1] noted that indeterminate QFT-2G test results appeared in
21% of tests performed in routine clinical microbiological
laboratories due to positive control failure and that indetermi-
nate results were significantly overrepresented among patients
receiving immunosuppressive treatments. However, there was
no speculation concerning the reason.

Through the current large scale study, the importance of the
clinical characteristics, highly advanced age and underlying
disease in patients receiving immunosuppressive treatment,
were first demonstrated as risk factors that can promote
indeterminate QFT-2G test results. Otherwise, laboratory find-
ings of lymphocytopaenia, including CD4 lymphocytopaenia,
showing an immunosuppressive state, or hypoproteinaemia,

TABLE 1 QuantiFERON TB-2G (QFT-2G) test and
tuberculin skin test (TST) results for 704 patients
suspected of tuberculosis (TB) infection and 130
patients with confirmed TB disease

QFT-2G TST

Positive Negative Total

Indeterminate 8 (0) 64 (14) 72 (14)

Determinate 274 (78) 358 (38) 632 (116)

Positive 104 (78) 32 (30) 136 (108)

Negative 170 (0) 326 (8) 496 (8)

Data are presented as suspected TB results (confirmed TB results). QFT-2G

was manufactured by Cellestis Ltd (Carnegie, Australia).
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showing a poor nutritional state, could significantly influence
the risk of indeterminate results compared with determinate
results. Immunosuppressive drugs, such as corticosteroid drugs
or tumour necrosis factor (TNF)-a inhibitors, directly reduce the
production of inflammatory cytokines, such as IFN-c,
interleukin-1 and TNF-a from T-lymphocytes similar to that in
patients with lymphocytopaenia due to severe underlying
diseases [7, 12, 13].

Sex, younger age, transitional changes during the four seasons
over a 3-yr period, microbiological findings and radiological
findings including extension of lesions do not appear to be
associated with indeterminate results. In fact, all patients
.80 yrs old had some form of severe underlying disease and
most of these patients also had lymphocytopaenia or hypopro-
teinaemia as underlying diseases. However, although it has been
indicated that younger children (,5 yrs old) also tend to show
indeterminate QFT-2G test results [14], this group presented
with a normal range of lymphocyte counts and serum protein.
There were no significant differences in the rate of these patients
showing indeterminate results compared with the rates in other
age groups. The QFT-2G test depends on the increased level of
inflammatory cytokines secreted by T-lymphocytes previously
sensitised to M. tuberculosis-specific antigens (early secretory
antigenic target-6 and culture filtrate protein-10). In the blood,
mononuclear cells from peripheral blood are stimulated in vitro,
and the production of IFN-c sensitised to M. tuberculosis-specific
antigen is measured by ELISA in the QFT-2G test [15]. It was
speculated that lymphocytopaenia caused a decrease in the
production of IFN-c and induced indeterminate QFT-2G test
results due to a lower mitogen level. For these reasons,
indeterminate results due to positive control failure may be less
frequent with the T-Spot.TB test (Oxford Immunotec Ltd,
Abingdon, UK), which detects individual T-lymphocyte produ-
cing IFN-c by the ELISPOT technology, compared with that from
the QFT-2G test [3, 16, 17].

BEFFA et al. [18] reported that the rate of indeterminate results
could be decreased to 3.4% by the T-Spot.TB test using the
ELISPOT method. However, because the study by BEFFA et al. [18]

was retrospective, data on the immune status (CD4 lympho-
cyte count or TST) were not available for patients with
indeterminate results. LIEBESCHUETZ et al. [19] previously
reported results of the ELISPOT method for children with
various severe underlying diseases other than HIV infection in
a community hospital-based population with suspected TB
and LTBI using the T-Spot.TB test instead of the QFT-2G test.
The test used in the current study differs from the recent
version of QuantiFERON-TB Gold In-Tube (QFT-3G; Cellestis,
Carnagie, Australia) test. Because the QFT-3G test contains
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FIGURE 1. The proportion of indeterminate QuantiFERON TB-2G (Cellestis

Ltd, Carnegie, Australia) test results in each age group.

TABLE 2 Clinical characteristics of 72 patients with
indeterminate QuantiFERON TB-2G (QFT-2G)
test results and the remaining 632 patients with
determinate QFT-2G test results

Clinical characteristics QFT-2G test p-value

Indeterminate Determinate

Subjects n 72 632

Age yrs 68.2¡11.0 57.7¡10.2 0.013

Sex male/female 42/30 421/211 0.105

Underlying disease 68 (94.4) 494 (78.2) 0.081

Respiratory disease 7 (9.7) 107 (16.1) 0.094

Nonrespiratory disease 61 (84.7) 387 (61.2) 0.036

Malignant disease# 13 (18.1) 102 (16.1) 0.843

Immunosuppressive treatment" 30 (41.7) 71 (11.2) 0.0008

Diabetes mellitus 4 (5.5) 74 (11.7) 0.077

Chronic renal failure 5 (6.9) 58 (9.2) 0.433

None 4 (5.6) 138 (21.8) 0.009

Received TB treatment 7 (9.7) 58 (9.2) 0.955

TB disease+ 14 (19.4) 116 (18.4) 0.910

Laboratory findings

WBC count cells?mL-1 3880¡506 4554¡592 0.025

Lymphocyte count cells?mL-1 880¡50 1155¡69 0.011

CD4 lymphocyte count cells?mL-1 223¡24 402¡28 0.007

Total protein g?dL-1 6.0¡1.5 6.7¡1.6 0.028

Albumin g?dL-1 3.2¡0.8 3.7¡0.8 0.033

Microbiological findings1

Smear positive, culture positive 7 (50.0) 61 (52.6) 0.891

Smear negative, culture positive 7 (50.0) 55 (47.4) 0.845

Radiological findingse

Extension of lesion##

1 19 (47.5) 179 (45.5) 0.923

2 18 (45.0) 193 (49.1) 0.882

3 3 (7.5) 21 (5.3) 0.641

Data are presented as mean¡ SD or n (%), unless otherwise stated.

TB: tuberculosis; WBC: white blood cells. #: patients with a diagnosis of

malignant disease who were receiving anti-cancer therapy (n530) and those

who were not receiving anti-cancer therapy (n585). ": patients receiving

systematic steroids (n570) or anti-tumour necrosis factor-a agents (n516), or

steroids plus other immunosuppressive drugs (n515). +: Mycobacterium

tuberculosis was identified from the culture of clinical specimens. 1: performed

for 130 patients identified as having M. tuberculosis from the culture of clinical

specimens. e: performed for 433 patients clinically diagnosed as pulmonary

tuberculosis. ##: 1: extension within one-third of the unilateral lung field;

2: within the unilateral lung field; and 3: beyond the unilateral lung field. QFT-2G

was manufactured by Cellestis Ltd (Carnegie, Australia).
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additional M. tuberculosis-specific antigen (TB7.7), it is specu-
lated that the sensitivity is higher. Indeed, HARADA et al. [20]
reported that the sensitivity of QFT-3G test was significantly
higher than that of QFT-2G test (92.6 and 81.4%, respectively),
while the specificity of both tests was the same (98.8%). A large
scale study using the QFT-3G test should be performed to
confirm a decreased frequency of indeterminate results on tests
for TB and LTBI.

In conclusion, indeterminate QuantiFERON TB-2G test results
in routine clinical practice are not infrequent. When scoring
QuantiFERON TB-2G test results for the elderly and immuno-
compromised patients, one must be careful because the
possibility of determinate QuantiFERON TB-2G test results
may be low even if this test is repeated.
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