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Purpose: To evaluate the diagnostic utility and predictors for determinate results
of an enzyme-linked immunospot assay using induced sputum cells (IS ELISPOT)
for a rapid diagnosis of pulmonary tuberculosis (TB). Materials and Methods:
Subjects suspected of pulmonary TB who had either sputum acid fast bacilli
smear-negative or not producing sputum spontaneously were prospectively en-
rolled. ELISPOT assay was performed using cells from induced sputum. Results:
A total of 43 subjects, including 25 with TB (TB group) and 18 with non-TB dis-
ease (non-TB group) were enrolled. Results of IS ELISPOT were determinate in
only 17/43 (39%) subjects, but all of determinate results were consistent with the
final diagnosis. Of the 43 sputum samples, 11 (26%) were inadequate to perform
IS ELISPOT. Of 32 adequate sputum samples, the proportion of determinate re-
sults was significantly higher in the TB group (75%, 15/20) than in the non-TB
group (17%, 2/12) (p=0.002). The status of active TB was a unique predictor but
smear positivity was not a significant predictor for determinate results. In addition,
sensitivity of IS ELISPOT (75%, 9/12) in smear negative TB was higher than that
of TB-polymerase chain reaction (25%, 3/12). Conclusion: IS ELISPOT showed
relatively high diagnostic value and accuracy in the TB group, independent of
smear positivity. IS ELISPOT may provide additional diagnostic yield for micro-
biological tools in the rapid diagnosis of smear-negative TB.

Key Words: Tuberculosis, induced sputum, immunodiagnosis, enzyme-linked
immunospot assays

INTRODUCTION

Rapid diagnosis of pulmonary tuberculosis (TB) is often hindered due to the limi-
tations of the current standard diagnostic tools such as smear and culture. Based on
the report that Mycobacterium tuberculosis (MTB)-specific lymphocytes are con-
centrated at the site of infection in active TB,' the feasibility of immunodiagnosis
using cells from the site of infection has been evaluated for a rapid diagnosis of
TB.*7 Several previous studies on enzyme linked immunospot (ELISOPT) assays
using bronchoalveolar lavage mononuclear cells have indicated the potential of
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this assay as a rapid and accurate diagnostic test of TB.3!!

Sputum induction is an alternative technique for obtaining
pulmonary samples. Compared to bronchoscopy, it provides
a comparable microbiological yield and is less invasive, less
expensive, and has fewer adverse events.'>!* Although ELI-
SPOT assay using induced sputum cells (IS ELISPOT) is
expected to be a promising tool for rapid diagnosis of TB,'
two previous studies using a commercial ELISPOT assay
showed a high rate of inconclusive results, thus indicating it
as unfeasible for clinical practice.'>'¢

Currently, there have been still limited experiences with
clinical performance of IS ELISPOT. Therefore, the feasibili-
ty of this assay should be reevaluated through more studies in
different settings and identification of predictors would be
necessary to minimize inconclusive results. The purpose of
this study was to evaluate the diagnostic utility and predic-
tors for determinate results of the IS ELISPOT.

MATERIALS AND METHODS

Subjects

Subjects being investigated for pulmonary TB who were un-
able to produce sputum spontaneously or had one sample of
spontaneously produced sputum that was smear-negative for
acid fast bacilli (AFB) were prospectively enrolled at Pusan
National University Yangsan Hospital between March 2010
and February 2011. No subject had started antituberculosis
medication at the time of sputum induction.

Subjects were assigned into the TB group when 1) MTB
was cultured in induced or spontaneously produced sputum
or 2) there was clear evidence for a clinical diagnosis based
on radiology with an appropriate response to treatment. Sub-
jects with negative MTB cultures and an alternative diagno-
sis were assigned to the non-TB group. All subjects were
followed up for at least 6 months after the final diagnosis.

The protocol for this study was approved by the Institu-
tional Review Board of the Pusan National University Yang-
san Hospital (approval number: 02-2010-21) and each pa-
tient provided written informed consent prior to enrollment
in the study.

Sputum induction

Sputum induction was performed using 3% hypertonic sa-
line solution generated by an ultrasonic nebulizer (Devil-
biss Ultraneb 99; Sunrise Medical, Somerset, PA, USA) for
20 minutes in a room with negative-pressure ventilation.

All subjects were pre-medicated with 200 pg of salbutamol
via a metered-dose inhaler 30 minutes prior to sputum in-
duction. Peak expiratory flow rate (PEFR) was measured
every 5 minutes and induction was terminated if PEFR de-
clined by 20%, or if major adverse events were reported. At
S-minute intervals, subjects were asked to clear saliva from
their mouth and then expectorate sputum. A trained nurse
supervised the entire process. An inadequate induced spu-
tum sample was defined by the following criteria: sputum
induction tolerated for <5 minutes, total cells isolated from
sputum <1x10°, or squamous cell percentage >80%.

Processing induced sputum for cell isolation

Collected induced sputum was processed within 3 hours of
sampling. Approximate 3 mL of sputum was removed for
microbiological examination including AFB smear, TB cul-
ture using Lowenstein-Jensen media, and TB polymerase
chain reaction (PCR) (Advansure TB/NTM, LG Life Scienc-
es, Seoul, Korea). Then, remaining sputum was processed for
cell isolation. Briefly, after adding equal volume of working
sputasol solution (sputasol:PBS, 1:9) (Sputasol, Oxoid SR
0233A), the sample was maintained at room temperature for
20 minutes, during which the sticky materials were frequent-
ly dissolved with a sterile empty disposable pipette and a vor-
tex mixer. The sample was filtered through a 40-um nylon
mesh into another conical tube. After centrifugation (1500xg,
10 minutes), the supernatants were collected and Ficoll-gradi-
ent centrifugation of the pellet was performed to isolate the
leukocytes. It was then washed twice with RPMI 1640 medi-
um (Gibco; Gaithersburg, MD, USA), and the isolated cells
were counted with a hemocytometer and cell viability was
assessed using trypan blue. Counted cells were used for the
preparation of cytospin slides and for the ELISPOT assay.

Differential cell counts

Cytospin slides were stained with Hemacolor (Merck; Darm-
stadt, Germany). Differential cell counts were performed
under light microscope using a set of standardized morpho-
metric appearance criteria (magnification, x400), and the
percentage of each cell population, including neutrophils,
macrophages, lymphocytes, and bronchial epithelial cells,
was individually recorded after counting more than 200
cells. And absolute cell numbers were calculated with total
cell counts.

ELISPOT assay
The ELISPOT assay (T SPOT-TB; Oxford Immunotec,

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 56 NUMBER 2 MARCH 2015 n



Doosoo Jeon, et al.

Oxford, UK) was performed according to the manufactur-
er’s instructions. This assay kit included nil control, early se-
cretory antigen target (ESAT)-6-derived peptide (Panel A),
CFP-10-derived peptide (Panel B), and phytohaemaggluti-
nin in positive control wells. Briefly, isolated sputum cells
were plated at 2.5%10° cells/well in 96-well T-spot plates. Af-
ter incubating the plate overnight in a humidified incubator
at 37°C and 5% CO, the plate was washed 3 times with
fresh PBS solution and Conjugate Reagent solution was
added. After incubating at 4°C for 1 hour, the plate was
washed 3 times with fresh PBS solution and substrate solu-
tion was added. The plate was incubated at room tempera-
ture for 7 minutes and wash with distilled water to stop the
reaction. Then, the plate was allowed to dry and the spots
were counted with Immuno.spot (Cellular Technology Ltd.,
Cleveland, OH, USA).

As per the manufacturer’s instructions for ESAT-6 and
CFP-10, a test was scored as qualitatively reactive if either
(a) for nil control of 0-5 spots, the antigen well spot count
minus the nil control was >6 or (b) for nil control of >5
spots, the antigen count was >2 times the nil control. Over-
all, a T SPOT-TB test was considered reactive if either
ESAT-6 or CFP-10 was reactive. The results were consid-
ered as indeterminate when <20 spots were found in posi-
tive control well (positive control failure) or when >5 spots
in the negative control well and indicated non-reactive after
calculating with the spots in antigen-wells (negative control
failure).

Statistical analysis

The chi-square test or Fisher’s exact test was performed to
compare categorical variables, and Student’s t-test or Mann-
Whitney test was performed to compare continuous vari-
ables. Simple logistic regression analysis was used to assess
univariate associations between tested variables and IS
ELISPOT result (determinate vs. indeterminate). Correla-
tion analysis between variables was carried out by Spear-
man’s rho test. All analysis were performed using SPSS
version 15.0 (SPSS Inc., Chicago, IL, USA), and the results
with p<0.05 were considered statistically significant.

RESULTS

Baseline characteristic of study subjects
A total of 43 subjects were enrolled in the study. Thirty one
of them (72%) had AFB smear negative sputum and 12

(28%) did not produce sputum spontancously. Among 43
subjects, 25 (58%) were assigned to the TB group and 18
(42%) to the non-TB group. In the TB group, 20 of 25 sub-
jects had MTB-positive cultures from their induced sputum
samples, while 13 of those 20 subjects were AFB smear
positive. TB-PCR was positive in 12 of 13 smear positive
and 3 of 12 smear negative samples. Final diagnosis of the
18 subjects in non-TB group included: former TB without
reactivation (n=7), pneumonia (n=4), bronchiectasis (n=2),
lung cancer (n=2), nontuberculous mycobacterial pulmo-
nary disease (n=2), and idiopathic pulmonary fibrosis (n=1).

Of the 43 subjects, 12 (28%) had at least 1 comorbidity;
malignancy was the most common (n=7: lung, n=2; stom-
ach, n=2; colon, n=2; and kidney, n=1), followed by psy-
chiatric disease (n=2), cardiovascular disease (n=1), gastro-
intestinal disease (n=1), and diabetes mellitus (n=1). HIV-
ELISA tests were performed on 2 patients and both were
negative.

Performance of sputum induction

There were no significant adverse events or PEFR reduction
to terminated premature sputum induction. The median vol-
ume of induced sputum processed for cell isolation was 7.5
mL (range, 2—18) in the TB group and 7.5 mL (range, 3—18)
in the non-TB group (p=0.992). The median value of total
cell numbers obtained from induced sputum was 3.1x10°
cells (range, 0.2-35.0) in the TB group and 2.2x10° cells in
the non-TB group (range, 0.6-19.6) (p=0.808).

Of 43 sputum samples, 11 (26%) were inadequate to per-
form the ELISPOT assay. Eight samples had insufficient
total cell numbers and 3 samples had >80% of squamous
epithelial cells. The proportion of inadequate sputum was
not significantly different between the TB (20%, 5/25) and
non-TB group (33%, 6/18) (p=0.480) (Table 1).

The median number of total cells from adequate sputum
was 3.3x10° cells (range, 1.0-3.5), which was significantly
higher than the value of 0.9x10° cells (range, 0.2—1.4) from
inadequate sputum (p=0.034). There was no correlation be-
tween total cell numbers and volumes of sputum (Spear-
man’s tho=0.108, n=43, p=0.497). In addition, there were
no significant differences in the tested variables such as
sputum volume, gender, age, diagnosis of TB, smoking his-
tory, and underlying diseases between the adequate and in-
adequate samples (data not shown).

Differential cell counts in sputum cells
Cytospin slides were obtained from induced sputum cells,
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Table 1. Performance of Enzyme-Linked Immunospot Assay Using Induced Sputum Cells

Total (n=43) TB (n=25) Non-TB (n=18) p value
Inadequate sputum (%) 11 (26) 5(20) 6(33) 0.480*
Adequate sputum (%) 32 (74) 20 (80) 12 (67)
Indeterminate 15(35) 5(20) 10 (56) 0.002'
Positive control failure 6 4 2
Negative control failure 9 1 8
Determinate 17 (39) 15 (60) 2 (11)
Positive 15 15 0
Negative 2 0 2
TB, tuberculosis.
*Comparison between subjects with adequate and inadequate sputum.
'Comparison between subjects with indeterminate and determinate result.
and differential cell counts were performed. Fig. 1 shows the 100
percentage of each cell type. Alveolar macrophages were &
predominant in the TB group while neutrophil numbers were 80 .. . . .
higher than any other cell types in the non-TB group. The 2 : " s
percentage of lymphocytes was significantly higher in the & 60 ..:.. : .
TB group than that in the non-TB group, whereas the per- g + . - <005
centage of neutrophils was inverse between the groups. 8 w4 : . —
Performance of IS ELISPOT 0 . K s .
IS ELISPOT was performed on 32 adequate sputum sam- : Tt '::'. _..‘_ et
ples after excluding 11 inadequate samples. The median 0 Bl THT e e

numbers of ESAT-6- and CFP-10-specific cells were higher
in the TB group (24; range, 0-409, and 37; 0-215, respec-
tively) compared to the non-TB group (11; 0-86, and 13;
0-112, respectively), but the differences were not statisti-
cally significant (p=0.095, and 0.184, respectively). How-
ever, after subtraction of spots from the negative controls,
the median number of ESAT-6- and CFP-10-specific cells
were significantly higher in the TB group (15; 0-210, and
20; 0-200, respectively) than in the non-TB group (0; 0-5
and 0; 0-3, p<0.001 and p<0.001, respectively) (Fig. 2).

Of 32 adequate sputum samples, 17 showed determinate
results whereas 15 were indeterminate. The proportion of
determinate results was higher in the TB (75%, 15/20) than
in the non-TB group (17%, 2/12) (p=0.002), and all of
these determinate results were consistent with the final di-
agnosis. The characteristics of these 17 subjects are shown
in Table 2, and the reasons for inconclusive results are ex-
plained in Table 1.

Sensitivities of TB-PCR (60%, 15/25) and IS ELISPOT
(60%, 15/25) in the TB group were same. However, in 12
AFB smear-negative samples, the sensitivity of IS ELISPOT
(75%, 9/12) was much higher than that of TB-PCR (25%,
3/12).
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Fig. 1. Differential cell counts in induced sputum cells. The adequate spu-
tum samples for 20 TB and 12 non-TB subjects were evaluated. Results are
presented as percentage of each cell type. Horizontal lines indicate medi-
an values. The difference of each cell type between TB and non-TB group
is shown only when it is statistically significant (p<0.05). TB, tuberculosis.
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Fig. 2. Concentration of interferon-gamma releasing cells reactive to early
secretory antigenic target (ESAT)-6 and culture filtrate protein (CFP)-10
measured using enzyme-linked immunospot assay with induced sputum
cells in study subjects (n=32). All spots are documented after subtraction of
spots in negative control. A value of 0 was assigned when the antigen well
spot count minus the nil control was <0. Horizontal lines show median val-
ues. TB, tuberculosis.
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Table 2. Characteristics of 17 Subjects with the Determinate Result of Enzyme-Linked Immunospot Assay Using Induced Spu-

tum Cells
. : . Spot forming cells/10° cells Induced sputum

Final diagnosis =

ESAT-6 CFP-10 Nill PHA AFB smear TB culture TB-PCR
Definitie TB 26 8 8 12 Positive Positive Positive
Definitie TB 241 87 31 1078 Positive Positive Positive
Definitie TB 11 41 0 118 Positive Positive Positive
Definitie TB 187 200 0 212 Positive Positive Positive
Definitie TB 196 215 41 315 Positive Positive Positive
Definitie TB 124 63 33 320 Positive Positive Positive
Definitie TB 118 69 39 346 Positive Positive Positive
Definitie TB 15 35 0 98 Positive Positive Positive
Definitie TB 191 138 68 273 Negative Positive Positive
Definitie TB 26 15 12 334 Negative Positive Negative
Definitie TB 22 38 10 192 Negative Positive Negative
Probable TB 10 18 7 39 Negative Negative Negative
Probable TB 47 81 12 359 Negative Negative Negative
Probable TB 8 8 0 72 Negative Negative Negative
Probable TB 7 2 0 12 Negative Negative Negative
Non TB 0 1 4 45 Negative Negative Negative
NonTB 0 0 4 36 Negative Negative Negative

TB, tuberculosis; ESAT, early secretory antigen target; CFP, culture filtrate protein; PHA, phytohaemagglutinin; AFB, acid fast bacilli; PCR, polymerase chain

reaction.

Predictors for determinate result

Among the 32 subjects with adequate sputum, univariate
analysis indicated the status of active TB as a unique predic-
tor for determinate results (odds ratio, 15.0; 95% confidence
interval, 2.42-93.01; p=0.003) (Table 3). In contrast, as for
the TB group of 20 subjects with adequate sputum, no sig-
nificant predictor for determinate results was observed. Un-
expectedly, even smear positivity and extent of chest radiog-
raphy (CXR) were not significant factors (Table 4).

DISCUSSION

In the present study, we investigated the diagnostic utility
of the IS ELISPOT for pulmonary TB, and found that the
proportion of determinate results obtained by using the IS
ELISPOT was only 39% (17/43); however, all of these de-
terminate results were consistent with the final diagnosis.
The proportion of determinate results was significantly
higher in the TB group than in the non-TB group, and the
active status of TB was a unique predictor for determinate
result. When adequate sputum is obtained in the TB group,
the proportion of determinate results was relatively high
(75%, 15/20) and smear positivity was not a significant pre-
dictor for determinate results. In addition, sensitivity of IS
ELISPOT (75%, 9/12) was higher than that of TB-PCR

(25%, 3/12) in smear-negative samples, suggesting that IS
ELISPOT may increase diagnostic accuracy for smear-neg-
ative TB when smear microscopy is unhelpful.

Two studies have reported the diagnostic utility of the IS
ELISPOT assay for pulmonary TB.!>!¢ The major common
limitation of the IS ELISPOT assay in their studies was the
high rate of inconclusive results, as shown in the present
study. There are 2 main reasons for the inconclusive results:
1) inadequate sputum samples associated with the procedures
of sputum induction and sputum processing for cell isolation,
and 2) indeterminate results associated with ELISPOT assay
related factors.

In our study, diagnostic yield of IS ELISPOT was quite
different between TB and non-TB groups. This difference
seems to have resulted from the factors associated with cur-
rent ELISPOT assay rather than those associated with the
procedures of sputum induction and processing. Although
the proportion of inadequate sputum samples was not sig-
nificantly different between TB and non-TB groups, the
rate of indeterminate results was significantly higher in
non-TB group (56%) than in TB group (20%). This finding
suggests that the current format of IS ELISPOT may have
major limitation to be a rule-out test for TB, consistent with
previous IS ELISPOT studies.'>'¢

In our experiments, we were able to exclude certain mi-
nor reasons for inconclusive results such as homogeniza-
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Table 3. Predictors for Determinate Result among 32 Subjects with Adequate Induced Sputum

Total (n=32) Indeterminate (n=15) Determinate (n=17) OR (95% CI)' p value'
Induced sputum*
Sputum volume, mL 7.5 (2-18) 7.5 (5-18) 6 (2-15) 0.88 (0.70-1.09) 0.242
Total cells (x10°) 3.3(1.0-35.0) 7.1 (1.2-35.0) 3.2(1.0-8.3) 1.00 (1.00-1.00) 0.058
Lymphocytes, % 6 (0-23.0) 6.0 (0-20.5) 6.1 (2.1-23.0) 1.05 (0.94-1.17) 0.395
Neutrophils, % 30.0 (2.3-80.3) 40.0 (6.0-71.0) 14.3 (2.3-80.3) 0.99 (0.97-1.02) 0.613
Age* 44 (23-76) 44 (23-64) 43 (27-76) 1.00 (0.95-1.06) 0.868
Sex
Female 16 (50) 8 (53) 8(47) 0.78 (0.19-3.13) 1.000
Male 16 (50) 7 (47) 9(53)
Underlying ds
Yes 7(22) 5@33) 2(12) 0.27 (0.04-1.65) 0.209
No 25 (78) 10 (67) 15 (88)
Current smoker
Yes 5(16) 3(20) 2(12) 0.53 (0.08-3.73) 0.645
No 27 (84) 12 (80) 15(88)
Previous TB
Yes 8(25) 4(27) 4(23) 0.85(0.17-4.20) 1.000
No 24 (75) 11(73) 13 (77)
B
Yes 20 (62) 5@33) 15 (88) 15.0 (2.42-93.01) 0.003
No 12 (38) 10 (67) 2(12)
TB, culture positive
Yes 16 (50) 5@33) 11 (65) 3.67 (0.85-15.84) 0.156
No 16 (50) 10 (67) 6 (35)
TB, smear positive
Yes 11 (34) 3 (20) 8(47) 3.56 (0.73-17.32) 0.147
No 21 (66) 12 (80) 9(53)

TB, pulmonary tuberculosis; OR, odds ratio; Cl, confidence interval.

Data are presented as number (%), unless otherwise specified.

*Median (range).

"0dds ratio for determinate result.

*Comparison between subjects with determinate and indeterminate result.

tion failure, bacterial and fungal colonization, and inade-
quate volume of sputum that have been mentioned in the
previous studies.'>! In the present study, a trained nurse su-
pervised the entire process of sputum induction; this might
have contributed to the lower rate of inadequate sputum
samples compared to previous studies. Indeed, proper su-
pervision during sputum induction has been shown to resul
in higher diagnostic yield in microbiologic conformation.'’
These findings suggest the possibility of improving the di-
agnostic yield of IS ELISPOT through improvement and
standardization of sputum induction and processing.

An important finding of this study was that smear and
culture positivity and extent of CXR were not predictors for
determinate results, suggesting that the number of antigen-
specific T cells in the airway of pulmonary TB patients may
not directly correlate with the burden of MTB bacilli. Con-
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dos, et al.!® reported earlier that patients with advanced TB
had lower lymphocyte numbers and IFN-Y levels in the in-
volved lobe than those with less advanced TB. Another
finding in the present study was that diagnostic yield of IS
ELISPOT was comparable to that of TB-PCR in TB group
and much higher in AFB smear-negative samples. This is
consistent with the recent report that local immunodiagno-
sis using T-SPOT on bronchoalveolar lavage cells may in-
crease diagnostic accuracy where clinical suspicion of pul-
monary TB persists despite a negative Xpert result.”” These
findings suggest the potential of IS ELISPOT as an adjunc-
tive test for rapid diagnosis of smear negative TB, although
IS ELISPOT by itself is not expected to play a critical role
in the diagnosis of TB. Nevertheless, further studies are
needed to improve the assay formats and technologies.

This study has several limitations. First, the ELISPOT as-
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Table 4. Predictors for Determinate Result among 20 Tuberculosis Patients with Adequate Induced Sputum

Total (n=20) Indeterminate (n=5)  Determinate (n=15) OR (95% CI)’ p value'
Induced sputum*
Sputum volume, mL 6.8 (2-18) 7.5 (5-18) 6 (2-18) 0.87 (0.66-1.14) 0.318
Total cells (x10°) 3.2 (1.0-35.0) 3.1(1.7-35.0) 3.2(1.0-8.3) 1.00 (1.00-1.00) 0.624
Lymphocytes, % 9.8 (2.1-23.0) 10.1 (2.4-20.5) 9.5 (2.1-23.0) 0.98 (0.84-1.14) 0.768
Neutrophils, % 14.3 (2.3-80.3) 27.9(10.9-41.9) 11.2 (2.3-80.3) 1.00 (0.96-1.00) 0.973
Age (yrs)* 40.5 (23-64) 36 (23-64) 42 (23-60) 1.01 (0.93-1.10) 0.814
Sex
Female 9 (45.0) 2 (40.0) 7 (46.7) 1.31 (0.17-10.26) 1.000
Male 11 (55.0) 3 (60.0) 8(53.3)
Diagnosis
TB, culture positive
Yes 16 (80.0) 5(100) 11 (73.3) NA 0.530
No 4(20.0) 0(0) 4(26.7)
TB, smear positive
Yes 11 (55.0) 3 (60.0) 8(53.3) 0.76 (0.01-5.96) 1.000
No 9 (45.0) 2 (40.0) 7 (46.7)
Previous TB
Yes 3(15.0) 1 (20.0) 2(13.3) 0.62 (0.04-8.70) 1.000
No 17 (85.0) 4(80.0) 13 (86.7)
Chest radiography
Extent, minimal
Yes 16 (80.0) 4 (80.0) 12 (80.0) 1.00 (0.08-12.56) 1.000
No 4(20.0) 1(20.0) 3(20.0)
Bilateral
Yes 3(15.0) 1 (20.0) 2(13.3) 0.62 (0.04-8.70) 1.000
No 17 (85.0) 4 (80.0) 13 (86.7)
Cavity
Yes 1(5.0) 0 (0) 1(6.7) NA 1.000
No 19 (95.0) 5(100) 14 (93.3)

TB, tuberculosis; NA, not applicable; OR, odds ratio; Cl, confidence interval.
Data are presented as number (%), unless otherwise specified.

*Median (range).

'0dds ratio for determinate result.

*Comparison between subjects with determinate and indeterminate result.

say was not performed on peripheral blood mononuclear
cells (PBMCs) as controls. It has clearly been demonstrated
that ELISOPT assays on PBMCs have limited utility for di-
agnosing active TB. However, the parameters of compart-
mentalization of immune response such as the ratio of MTB-
specific lymphocytes derived from the site of the infection
and the peripheral blood have not been evaluated for the pre-
dictor for determinate result of IS ELISPOT assay. Second,
the number of subjects involved in the study might be too
small to optimally evaluate predictors for determinate results.
However, this study has the highest number of determinate
results among all IS ELISPOT studies reported so far.

In conclusion, IS ELISPOT showed relatively high diag-
nostic yield and accuracy in TB group, independent of
smear positivity. Therefore, IS ELISPOT may provide ad-

ditional diagnostic yields to microbiological tools for rapid
diagnosis for smear-negative TB.
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