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Comparison between a Whole Blood Interferon-g Release Assay and Tuberculin
Skin Testing for the Detection of Tuberculosis Infection among Patients
at Risk for Tuberculosis Exposure
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A new test that measures interferon-g (IFN-g) release in whole blood following stimulation
with tuberculin has the potential to detect tuberculosis infection using a single blood draw.
The IFN-g release assay was compared with the standard tuberculin skin test (TST) among
467 intravenous drug users at risk for tuberculosis in urban Baltimore. Among 300 human
immunodeficiency virus (HIV)–seronegative patients, the IFN-g release assay was positive in
177 (59%), whereas the TST was positive in 71 (24%), for a percent agreement of 59% (k 5

). Among 167 HIV-seropositive subjects, the IFN-g release assay identified 32 reactors26%
(19%); the TST identified 16 reactors (9.6%), for a percent agreement of 82% ( ). Thek 5 28%
IFN-g release assay detected more reactors than did the TST, but its agreement with TST was
weak. As the TST is an imperfect standard, further evaluation of the IFN-g release assay
among uninfected persons and persons with culture-confirmed tuberculosis will be useful.

Poor detection of tuberculosis infection and inefficient pre-
vention of reactivation are major impediments to improved
tuberculosis control. The tuberculin skin test (TST) has been
widely used as a screening test to identify individuals with latent
tuberculosis. Despite standardization, the TST has significant
limitations [1]. Nonspecific reactivity stemming from exposure
to environmental mycobacterial species or bacille Calmette-
Guérin vaccination are well-known sources of false-positive
TST results. Improper placement or measurement of cutaneous
reactions can cause false-negative results. Anergy associated
with disseminated tuberculosis, critical illnesses, some acute in-
fectious diseases, and host immunosuppression from human
immunodeficiency virus (HIV) infection or cancer chemother-
apy can also cause false-negative reactions [2–4]. Finally, an
additional drawback to the TST is the need for patients to
return for a reading on the second or third day after testing.
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Improved screening tests with greater sensitivity and speci-
ficity for tuberculosis infection that would not require multiple
patient encounters would significantly enhance tuberculosis
control efforts. A promising candidate is the interferon-g (IFN-
g) release assay developed for the diagnosis of tuberculosis
infection in cattle [5]. The test measures IFN-g release from
tuberculin- and control-stimulated whole blood cells. Studies
in cattle indicate that the assay is sensitive and specific for the
detection of Mycobacterium bovis infection [6, 7].

Recently, preliminary evaluations of the IFN-g release assay
have been reported in humans. One study found modest agree-
ment between the IFN-g release assay and the TST among 67
intravenous drug users and suggested that the new test may be
more sensitive than the TST [8]. A second study conducted
among 952 Australian pulmonary clinic patients and military
recruits, all of whom were HIV-seronegative, demonstrated
strong concordance between the 2 tests for this relatively
healthy population at low risk for tuberculosis [9]. To date,
however, the IFN-g release assay has not been evaluated in a
large population of US subjects at high risk of both tuberculosis
and HIV infection. In this report, we describe the agreement
between the IFN-g release assay and the TST among 467 urban
intravenous drug users, 36% of whom were HIV-seropositive.

Materials and Methods

Volunteers in the ALIVE (AIDS Linked to Intravenous Expe-
riences) longitudinal study of the natural history of intravenous
drug use participated in the study [10]. TST reactions with 5 TU
of Tubersol (Pasteur Meriéux-Connaught Laboratories, Toronto,
Canada) were measured at 48–72 h by trained nurses, with posi-
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Table 1. Tuberculin skin test (TST) and IFN-g release assay results
in HIV-seronegative and -seropositive subjects.

HIV status,
TST reactions (in mm)

IFN-g release (% of maximal response)

0–14% 151% Total

Negative
0–9 115 (38.3) 114 (38.0) 229 (76.3)
101 8 (2.7) 63 (21.0) 71 (23.7)

Total 123 (41.0) 177 (59.0) 300 (100)
Positive

0–4 128 (76.6) 23 (13.8) 151 (90.4)
51 7 (4.2) 9 (5.4) 16 (9.6)

Total 135 (80.8) 32 (19.2) 167 (100)

NOTE. Data are no. of subjects (%).

tivity defined as a reaction >10 mm for HIV-seronegative and >5
mm for HIV-seropositive subjects [1].

The commercially available IFN-g release assay (Quanti-
FERON-TB; CSL) with four test stimuli was used as previously
described [8, 9, 11]. The test uses stimulation with Mycobacterium
tuberculosis (human type) purified protein derivative (PPD), My-
cobacterium avium (avian type) PPD, M. bovis (bovine type) PPD,
phytohemagglutinin as a positive control, and PBS as a negative
control. After subtracting the background release due to PBS stim-
ulation, the percent response levels were those of IFN-g release
induced by human-type PPD divided by that from phytohemag-
glutinin induction (defined as maximal). Unless otherwise indi-
cated, a positive test result by IFN-g release assay was defined as
a percent response level of >15% [8].

Results

Of 1008 ALIVE study patients, 467 (46.3%) completed the
study (“full participants”) by returning in 2 or 3 days to have
their TST reactions measured. There were only slight differences
in the demographic characteristics (age, sex, race, smoking,
alcohol use, and HIV infection status) of full participants and
those who withdrew. None of the variables differed significantly
between the 2 groups; 300 (64.2%) of full participants were HIV-
seronegative, and 167 (35.8%) were HIV-seropositive. Among
HIV-seropositive participants, 19 (11.4%) had AIDS-defining
illnesses; the mean CD4 cell count was 318/mL (median, 287/
mL; interquartile range, 291). Fifty-seven patients had CD4 cell
counts !199, 80 had 200–499/mL, and 28 had 1500/mL. For
HIV-seronegative participants, the mean CD4 cell count was
957/mL. One patient had a history of tuberculosis prior to entry;
no subjects developed tuberculosis disease in the 1 year follow-
ing entry.

Table 1 summarizes the results of the TST and the IFN-g
release assays for the 300 HIV-seronegative and 167 HIV-sero-
positive subjects when an IFN-g release assay value of >15%
of maximal was defined as positive (as recommended by the
manufacturer). Among HIV-seronegative persons, there were
more than twice as many reactors by the IFN-g release assay
than by the TST (59% vs. 24%, respectively). The 2 tests showed
59% agreement, and the k statistic was 26%. k values !40%
indicate weak correlation, while those 175% suggest excellent

agreement. Thus, this k value suggested that the 2 tests cor-
related poorly in spite of the 59% agreement. Among the HIV-
seropositive subjects, the IFN-g release assay identified twice
as many positive reactors as the TST. While the observed agree-
ment was 82% in this group, the k statistic remained low at
28%, again indicating weak correlation beyond that expected
to occur by chance.

To allow for the fact that the IFN-g release assay and the
TST use scales with markedly different ranges, we divided the
range of results for each test into sixths and compared the
distributions. Among HIV-seronegative persons, there were
large modal values at 0- to 4-mm for the TST, and 0%–14%
for the IFN-g release assay (figure 1A). There were relatively
low frequencies beyond the first category, with the TST showing
a slight second mode in the 10- to 14-mm range. The major
difference between the 2 distributions was that the IFN-g re-
lease assay had a smaller proportion of values in the first cat-
egory (0%–14% of maximal release) than the TST distribution
had in its first group (0- to 4-mm). Using the simplified 6-
category system of reaction outcomes, the percent agreement
between IFN-g release assay and TST was 44.3%, and the k

statistic was only 17.0%.
When we applied the 6-category system to HIV-seropositive

persons, we again found high frequencies in the first category
for both the TST (0- to 4-mm) and the IFN-g release assay
(0% to 14%; figure 1B). The overall tendencies of the 2 distri-
butions were more similar to one another than those for HIV-
seronegative persons. Whereas the mean percent agreement be-
tween the 2 tests using these 6 categories was high for
HIV-seropositive subjects (79.0%), the weighted k test value was
only 28.9%, indicating that the bulk of the observed agreement
resulted from the large proportion of participants with near 0
values in both tests.

We considered the possibility that adopting a different cutoff
point for positivity in the IFN-g release assay might produce
higher levels of agreement between the 2 tests. To evaluate this
hypothesis, we arbitrarily increased the stringency of the IFN-
g release assay by testing percent responses of 15%, 35%, and
70% as cutoff points for positivity. For HIV-seropositive par-
ticipants, the percent agreement/k values were as follows: 82%/
28%, 85%/24%, and 83%/27% using these 3 different cutoff
values, respectively. Moreover, stratifying the subjects by CD4
cell count did not improve the percent agreement or k values.
Therefore, for HIV-seropositive persons, changing the IFN-g
release assay cutoff points made little difference in percent
agreement or k value. On the other hand, for HIV-seronegative
persons, percent agreement/k scores increased with higher IFN-
g release assay cutoff points, with values of 59%/26%, 72%/
37%, and 79%/41% for cutoff levels of 15%, 35%, and 70%,
respectively. An analysis of all cutoff points for the IFN-g re-
lease assay from 0% to 200% showed that for HIV-seronegative
subjects, a maximal k value of 41% was achieved when 70% of
maximal release was used as the cutoff point for the IFN-g
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Figure 1. Percent distributions for tuberculin skin test (TST) and
IFN-g release assay test result for 300 human immunodeficiency virus
(HIV)-seronegative (A) and 167 HIV-seropositive study participants
(B). TST groups were defined as follows: group - to 4-mm reaction1 5 0
size, group - to 9-mm, group - to 14-mm, group -2 5 5 3 5 10 4 5 15
to 19-mm, group -to 24-mm, and group - to 29-mm. IFN-5 5 20 6 5 25
g release assay groups were defined as follows: group –14% of1 5 0%
maximal release, group –34%, group –69%, group2 5 15% 3 5 35%

–139%, group –209%, and group 210%.4 5 71% 5 5 140% 6 5>

release assay, given that the cutoff point for the TST was held
at 10 mm (data not shown).

Discussion

The whole blood IFN-g release assay after stimulation with
PPD is an in vitro test that evaluates a segment of the complex
cell-mediated immunologic events required to produce cuta-
neous induration in tuberculin-positive individuals. Its sim-
plicity, reproducibility, and rapidity suggest that it might offer
advantages over the TST [11]. Significantly, the IFN-g release
assay permits health care providers temporal flexibility in com-
municating and acting on the test result, unlike the situation
with the TST, in which the patient must be seen 48–72 h after
the injection.

We compared the commercially produced whole blood IFN-
g release assay for tuberculosis with the TST in 467 injection
drug users from urban Baltimore. While other studies of the
IFN-g release assay have been reported, this is the largest eval-
uation of the test in a US urban population with a high prev-
alence of HIV infection and a significant risk for tuberculosis
exposure.

Among HIV-seronegative patients, the IFN-g release assay
identified 88% (63/71) of tuberculin-positive patients at the 15%
cutoff level. In this group, very few TST reactors were missed
by the new assay, a result in close agreement with an earlier
smaller study of intravenous drug users [8]. Likewise, among
HIV- seropositive subjects, the IFN-g release assay identified
56% (9/16) of those who were tuberculin-positive, similar to the
results of the earlier study. The main areas of discrepancy be-
tween the IFN-g release assay and the TST stemmed from a
large proportion of tuberculin-negative patients found to be
positive by the new test at the 15% cutoff level. Because the
TST may be an imperfect measure of latent tuberculosis infec-
tion and is prone to significant fluctuations over time, partic-
ularly in study populations such as ours [12], it is difficult to
ascertain which test is correct among individuals with discor-
dant results.

Overall, our study showed modest agreement between the 2
tests: 59% agreement for HIV-seronegative patients ( )k 5 26%
and 82% for HIV-seropositive patients ( ). Of note,k 5 28%
among HIV-seronegative patients, we observed that using a
higher cutoff point for the IFN-g release assay than that applied
in earlier evaluations (70% of maximal release rather than 15%)
improved the agreement between the 2 tests. In view of the well-
documented deficiencies of the TST as a diagnostic tool for
tuberculosis infection, it is important to recognize that a new
test with perfect sensitivity and specificity would undoubtedly
show poor agreement with the TST. Therefore, our results do
not exclude the possibility that the IFN-g release assay could
be superior to the TST. Future sensitivity evaluations of the
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IFN-g release assay should be directed towards reference stan-
dard populations, which have essentially 100% or 0% rates of
tuberculosis infection.

A blood test for which there is an automated assay has 2
important advantages over a skin test. First, there is no ne-
cessity for the tested person to return within a narrow window
of time. Equally important, automated tests do not have the
problem of terminal digit preference—the tendency of human
observers to record results in multiples of 5 except when they
are using measuring gauges on which the results cannot be seen
until the measurement is completed. Terminal digit preference
at multiples of 5 leads to serious misclassification [13], especially
when the cutoff points are also in multiples of 5, as they are
in the current recommendations [1]. These 2 advantages alone
would make a test for tuberculosis infection that is based on
assays of blood a decided improvement over a skin test.
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