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The sensitivity of an interferon-y assay (Quantiferon-TB
Gold; Cellestis) was evaluated for the detection of tubercu-
losis among 242 persons with suspected tuberculosis in San
Francisco, California. Thirty-seven subjects had culture-
confirmed tuberculosis. Excluding 1 indeterminate result, 23
(64%; 95% confidence interval, 48%—78%) of 36 subjects had
positive results using the QuantiFERON-TB Gold assay. The
64% sensitivity suggests that the QuantiFERON-TB Gold assay
should not be used alone to exclude active tuberculosis.

In December 2004, the US Food and Drug Administration
approved the Quantiferon-TB Gold (QFT-G; Cellestis), a new
assay for the detection of Mycobacterium tuberculosis infection.
The QFT-G assay measures the amount of IFN-v released after
blood is incubated with synthetic antigens (early secretory an-
tigen 6 and culture filtrate protein 10) that simulate proteins
present in M. tuberculosis. Although the QFT-G assay is re-
ported to detect M. tuberculosis infection with high specificity,
it does not distinguish between active tuberculosis and latent
tuberculosis infection [1-7]. Furthermore, the sensitivity of
QFT-G for detection of active tuberculosis has not been well
defined among individuals with suspected tuberculosis in the
United States.

The San Francisco Department of Public Health (San Fran-
cisco, CA) has used the QFT-G assay as a component of routine
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evaluation for patients with suspected tuberculosis since Feb-
ruary 2005. We sought to evaluate the sensitivity and predictive
value of QFT-G for the detection of active tuberculosis among
persons with suspected tuberculosis at a public health clinic.
Methods.
berculosis Clinic guidelines require QFT-G testing of patients

San Francisco Department of Public Health Tu-

who are suspected of having active tuberculosis (defined as
American Thoracic Society tuberculosis class 5), in conjunction
with routine clinical, microbiologic, and radiographic exami-
nations [8]. An individual with suspected tuberculosis is defined
as a patient with clinical or radiographic evidence consistent
with active tuberculosis for whom laboratory confirmation of
the final disease classification has not been received. Because
specimens require same- and subsequent-day processing, the
QFT-G assay is not used if patients are evaluated at the San
Francisco Department of Public Health Tuberculosis Clinic af-
ter 3 p.M., on Fridays or weekends, or if phlebotomy is un-
successful or declined. The assay is performed in accordance
with the manufacturer’s instructions: specimens are processed
=<8 h after phlebotomy, and incubation time was standardized
at 16-18 h [9]. A tuberculin skin test (TST) is not required for
patients with suspected tuberculosis, but results are often
available.

In this retrospective evaluation, we reviewed clinical records
for all consecutive patients from San Francisco who were re-
ported to have suspected tuberculosis during the period from
1 March through 31 December 2005. We excluded patients who
transferred out of the jurisdiction or were treated for >14 days
with antituberculosis drugs before QFT-G testing. We collected
information about TST results obtained within 2 weeks of the
QFT-G test date that were reported to San Francisco Depart-
ment of Public Health by the referring provider or that were
obtained at the tuberculosis clinic using standard methods [8].
TST indurations =5 mm in diameter were classified as positive
results. We defined “high clinical suspicion” as suspected tu-
berculosis in a patient who was receiving empirical antituber-
culosis medication before the availability of diagnostic micro-
biologic test results. Cases were classified by final diagnosis as
either a verified case of tuberculosis or as negative for tuber-
culosis [10].

Ninety-five percent Cls for sensitivity were calculated using
the Wilson score method [11]. Proportions were compared
using the x” test or, if there were <5 observations, Fisher’s test.

Results.
partment of Public Health noted 522 consecutive patients with

In the evaluation period, the San Francisco De-

suspected tuberculosis; 41 (8%) were excluded as transfers out,
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and 39 (7%) had not yet received a final diagnosis as of 15
March 2006. Of the remaining 442 subjects with suspected
tuberculosis, 242 (55%) were tested using the QFT-G assay
(table 1). Persons who underwent QFT-G testing did not sig-
nificantly differ from those who did not with regard to distri-
bution of age, HIV infection status, high clinical suspicion of
tuberculosis, or final diagnosis of tuberculosis. Patients who
underwent QFT-G testing were more likely to be foreign born
or Asian and were less likely to declare non-Hispanic black or
Hispanic white ethnicity/race.

Among the 242 persons with suspected tuberculosis, 45
(19%) received a diagnosis of tuberculosis, including 37 (82%)
who had culture-confirmed disease (table 2). Among these 45
patients with tuberculosis, QFT-G results were positive for 25
(55%), negative for 17 (38%), and indeterminate for 3 (7%).
Excluding indeterminate results, we calculated an overall QFT-
G sensitivity for this population of 60% (95% CI, 44%-73%)
and a negative predictive value of 86% (95% CI, 79%-91%).
False-negative QFT-G results were distributed equally through-
out the 46-week evaluation period (data not shown). We ob-
served similar results among the 37 patients with culture-
confirmed tuberculosis (sensitivity, 64% [95% CI, 48%—-78%];
negative predictive value, 89% [95% CI, 83%-94%] and among
persons with no history of prior tuberculosis infection (in-
cluding those with latent tuberculosis infection and active dis-
ease) or tuberculosis treatment (table 2). Only 3 HIV-infected
patients received a diagnosis of tuberculosis, precluding mean-
ingful evaluation of this subgroup.

We compared the clinical characteristics of patients with ver-
ified tuberculosis and true-positive QFT-G results (25 patients)
with those who had false-negative QFT-G results (17 patients)
(table 3). We observed no significant differences with regard
to age distribution, proportion of patients without chronic
medical conditions, HIV infection status, or duration of treat-
ment of active tuberculosis at the time of testing. Patients with
false-negative QFT-G results were more likely to have extra-
pulmonary tuberculosis (35% vs. 4%; P<.05). We did not
observe cases of multiple-site or miliary tuberculosis in this
cohort of patients who underwent QFT-G testing.

TST results were available for 24 (53%) of the 45 patients
with verified tuberculosis who were tested using the QFT-G.
Of these 24 patients, the QFT-G and TST results were both
positive for 12 (50%) and both negative for 1 (4%). Nine
patients (38%) had negative QFT-G and positive TST results,
and 2 (8%) had indeterminate QFT-G and negative TST results.
No patient with verified tuberculosis had negative TST and
positive QFT-G results. Eighteen (75%) of the 24 patients’ TST
results were verified by the San Francisco Department of Public
Health, and 6 (25%) results were reported in induration (in
mm) by community providers; between these groups, the pro-

Table 1. Characteristics of patients evaluated for tuberculosis,
San Francisco, California, March-December 2005.

No. (%) of patients

Tested by Not tested by

QFT-G QFT-G

Characteristic (n =242) (n = 200) P
Age, years

0-5 3 (1) 3(2)

6-15 1(0) 0 (0)

16-35 29 (12) 40 (20)

36-55 111 (46) 79 (40)

56-75 85 (35) 62 (31)

=76 13 (6) 16 (8) 157
Race/ethnicity

Asian 172 (71) 99 (50) <.01

Black, Hispanic 1 (0) 1(0) 1.0

Black, non-Hispanic 17 (7) 31 (16) <.01

Native American 4 (2) 4 (2) 1.0

White, Hispanic 18 (7) 35 (18) <.01

White, non-Hispanic 30 (12) 30 (15) 43
Foreign born

All patients 189 (78) 131 (66) <.01

In United States <b years 147 (61) 55 (28) <.01

Immigration evaluation® 116 (48) 20 (10) <.01
Homeless 15 (6) 23 (12) .05
Injection drug use 3 (1) 2 (1) 1.0
HIV infection status

Positive 21 (9) 26 (13) 18°

Negative 164 (68) 84 (42)

Unknown 57 (24) 90 (45) <.01
History of prior TB treatment

Treatment for LTBI 10 (4) 25 (13) <.01

Treatment for active TB 71 (29) 37 (19) <.01
Level of clinical suspicion for TB

High 85 (3b) 83 (42) 7

Low 157 (65) 117 (59)
Final diagnosis

TB 45 (19) 51 (26) .09

Not TB 197 (81) 149 (75)

NOTE. Patients with QuantiFERON-TB Gold (QFT-G; Cellestis) results ob-
tained after receipt of >14 days of antituberculosis treatment were classified
as not tested. P values were calculated using the Mantel-Haenszel x? test or,
if there were <5 observations, with Fisher's exact test. LTBI, latent tuber
culosis infection; TB, tuberculosis.

@ Pvalue by x? test for difference in trend.
® Persons classified as class B during immigration health evaluation.
¢ Calculated in comparison with the HIV infection status “not positive.”

portion of discordant TST and QFT-G results did not signif-
icantly differ (data not shown).

The QFT-G IFN-vy assay was demonstrated to
have 64% sensitivity and 89% negative predictive value for

Discussion.

culture-confirmed cases of active tuberculosis among patients
with suspected tuberculosis in San Francisco. Excluding in-
determinate results, we observed negative QFT-G results in 17
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Table 2. QuantiFERON-TB Gold (QFT-G; Cellestis) results among 242 persons with suspected active tuberculosis, by patient population

subgroup.

No. (%) of subjects

Sensitivity, % PPV, % NPV, %
Patient population, QFT-G result With TB (%) Without TB (%) (95% Cl) (95% Cl) (95% CI)
All patients
All 45 197 60 (44-73) 23 (16-32) 86 (79-91)
Positive 25 (56) 84 (43)
Negative 17 (38) 106 (54)
Indeterminate 3(7) 7 (4)
Patients with high clinical suspicion of TB®
All patients 40 45 57 (41-71) 65 (48-80) 67 (53-79)
Positive 21 (53) 11 (25)
Negative 16 (40) 33 (73)
Indeterminate 3(8) 1(2)
Patients with low clinical suspicion of TB
All patients B 152 80 (38-96) 05 (02-13) 99 (93-100)
Positive 4 (80) 73 (48)
Negative 1 (20) 73 (48)
Indeterminate 0 7 (5)
Foreign-born newcomers
All patients 19 128 55 (33-75) 14 (8-24) 89 (79-94)
Positive 10 (63) 61 (48)
Negative 8 (42) 63 (49)
Indeterminate 1 (5) 4 (3)
HIV-infected patients
All patients 8 18 50 (09-91) 50 (9-90) 94 (73-99)
Positive 1(33) 1 (6)
Negative 1(33) 16 (89)
Indeterminate 1(33) 1 (6)
Patients with culture-confirmed TB
All patients 37 205 64 (48-78) 21 (14-30) 89 (83-94)
Positive 23 (62) 86 (42)
Negative 13 (35) 110 (54)
Indeterminate 1(3) 9 4)
Patients with no known prior TB or treatment®
All patients 25 116 60 (41-76) 28 (18-41) 88 (79-93)
Positive 15 (60) 39 (34)
Negative 10 (40) 74 (64)
Indeterminate 0 3 ()

NOTE. Patient population subgroups are not mutually exclusive. Persons with indeterminate QFT-G results are excluded from calculations of test accuracy.

NPV, negative predictive value; PPV, positive predictive value; TB, tuberculosis.

@ Patients with abnormal chest radiograph findings and/or clinical symptoms of active tuberculosis who started receiving antituberculosis treatmentimmediately,

regardless of the availability of microbiological examination results.

® Patients had no known prior positive tuberculin skin test result or IFN-y release assay result, no prior treatment history for active tuberculosis or latent
tuberculosis infection, and no current use of antituberculosis medications for >5 days. Prior tuberculosis infection was defined as either (1) documented history
of a tuberculin skin test induration >10 mm at least 1 year prior to notification as having suspected tuberculosis, or (2) prior self-reported history of active

tuberculosis disease at any time in the past.

(40%) of 42 patients with tuberculosis, including 13 (36%) of
36 patients with culture-confirmed tuberculosis and 10 (40%)
of 25 patients with no prior history of tuberculosis infection,
disease, or treatment. Our results reinforce the recent recom-
mendation that negative results should not be used alone to
exclude active tuberculosis and that results should be inter-
preted in conjunction with other clinical and diagnostic find-

ings [12]. The combination of low sensitivity for active tuber-
culosis and the intrinsic inability of the test to distinguish
between latent infection and active disease suggests that the
QFT-G assay has a limited role in the evaluation of patients
with suspected tuberculosis.

The sensitivity of the QFT-G assay for the detection of active
tuberculosis cases observed in San Francisco was slightly lower
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Table 3. Characteristics of patients who had verified cases of tuberculosis diagnosed.

Patients with positive
QFT-G results

Patients with negative
QFT-G results

Characteristic (n = 25) (n=17)
Age, median years (range) 51 (22-81) 39 (23-88)
Prior history active TB treatment 4 (16) 0 (0)
Chronic medical conditions
Absent 14 (56) 10 (59)
Present
All 11 (44) 7 (41)?
Alcoholism 1 3
Chronic obstructive lung disease 0 1P
Diabetes mellitus 7 8
HIV infection 1 1
Lung cancer (untreated) 1 0
Rheumatoid arthritis 1 0
HIV infection status
Positive 1(4) 1(6)
Negative 17 (68) 14 (82)
Unknown 7 (28) 2(12)
Pulmonary TB®
All cases 24 (96) 11 (65)
Smear positive for acid-fast bacilli, n/N (%) 11/24 (46) 4/11 (36)
Culture positive for Mycobacterium tuberculosis, n/N (%) 22/24 (92) 10/11 (91)
Extrapulmonary TB°®
All cases 1(4) 6 (35)
Culture positive for M. tuberculosis, n/N (%) 1/1 (100)° 3/6 (50)°
Current treatment for TB
None 17 (68) 9 (53)
1-7 days 4 (16) 5 (29)
8-14 days 4 (16) 3 (18)

NOTE. Data are no. (%) of patients, unless otherwise indicated. Patients with indeterminate QFT-G results are excluded.

QFT-G, QuantiFERON-TB Gold (Cellestis); TB, tuberculosis.
@ One patient had both diabetes mellitus and alcoholism.

® Patient was not taking oral corticosteroids at time of testing.

¢ P<.05.
d

e

There was 1 case of culture-confirmed tuberculous lymphadenitis.
Culture-confirmed diagnosis in case of tuberculous lymphadenitis (1 patient), colitis (1 patient), and peritonitis (1 patient),

as well as pathological (culture-negative) diagnosis of tuberculous lymphadenitis (2 patients) and osteomyelitis (1 patient).

but similar to that observed in referral hospitals [13]. Lee et
al. [5] reported a sensitivity of 70% among 87 patients who
received a diagnosis of tuberculosis; the subjects in that study
differed from our population in that 55 patients (63%) in that
study had culture-confirmed tuberculosis, and 29 (33%) were
classified as immunocompromised. Among patients with cul-
ture-confirmed tuberculosis, Kang et al. [3] reported 81% sen-
sitivity among 54 patients, and Mori et al. [4] reported 89%
sensitivity among 118 patients. Lee et al. [5] suggested that
using lower IFN-+ response values for classification of a positive
QFT-G result may increase the assay’s sensitivity with minimal
trade-off in specificity and that this should be considered when
testing patients with a high pretest probability of active tuber-
culosis, such as close contacts or patients with suspected tu-
berculosis. This approach, however, has not been validated.

Among patients with extrapulmonary tuberculosis, we ob-
served that 6 (86%) of 7 had negative QFT-G results, including
3 (75%) of 4 with culture-confirmed cases. Poor IFN-y re-
sponse to culture filtrate protein 10 has been previously re-
ported among patients with extrapulmonary tuberculosis [14].

Our retrospective evaluation had several limitations. Our re-
sults may have been affected by the fact that 8 (47%) of 17
patients with tuberculosis diagnoses who had false-negative
QFT-G results had received 1-14 days of antituberculosis treat-
ment. Our evaluation lacked the power to assess the possible
effects of treatment [15, 16]. However, similar QFT-G sensi-
tivity was observed among the subset of patients with no prior
history of antituberculosis treatment or M. tuberculosis infec-
tion; thus, this limitation has likely not affected our conclu-
sions. Because the TST was only performed for a subset of
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patients and by multiple health care providers, our evaluation
should not be interpreted as a comparative study with the TST.
The limitations of the TST in the diagnosis of active tuber-
culosis are well established, and clinical recommendations sug-
gest that the TST should not be used alone to exclude active
tuberculosis [17].

Our results are specific for the QFT-G assay and should not
be assumed to apply to other IFN-vy assays. Newer commercial
assays, such as the T-SPOT.TB (Oxford-Immunotec) and the
QuantiFERON-TB Gold In Tube (Cellestis) assays, have many
differences and may perform with higher sensitivity [5, 18].
Nevertheless, the QFT-G assay is currently the only IFN-+y assay
commercially available in the United States, and providers
should be aware of the limitations we have observed. Similarly,
these findings should not be extrapolated to assume that the
QFT-G or other IFN-vy assays lack adequate sensitivity for the
detection of latent tuberculosis infection. Prospective studies
are critically needed to characterize the future risk of tuber-
culosis among persons with different responses to IFN-vy in
these commercial assays.

In conclusion, we observed a low sensitivity for the QFT-G
assay for the detection of active tuberculosis among persons
with suspected tuberculosis at a public health clinic in San
Francisco. As with the TST, providers should be aware of the
limitations of this assay and should not use negative QFT-G
results alone to rule out active disease. Prospective, community-
based clinical trials should be conducted for newer IFN-vy assays
before any adjustments are made in current diagnostic practices
[19].
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