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Background: Interferon-y assays based on tuberculosis (TB)-specific antigens have been utilized for diagnosing and
ruling out latent TB and active TB, but their utility is still limited for TB incidence countries. The aim of this study is to
understand the clinical utility of enzyme-linked immunospot (ELISpot) assays among patients with clinically suspected
TB and healthy adults in clinical practices and community-based settings.

Methods: The ELISpot assays (T SPOTTB, Oxford Inmunotec, UK) were prospectively performed in 202 patients. After
excluding those with indeterminate results, 196 were included for analysis: 41 were TB patients, 93 were non-TB patients,
and 62 were healthy adults.

Results: The sensitivity and negative predictive values of the T SPOTTB assays for the diagnosis of TB were 87.8% and
89.1%, respectively, among patients with suspected TB. The agreement between the tuberculin skin test (10-mm cutoft)
and the T SPOTTB assay was 66.1% (kappa=0.335) in all participants and 80.0% (kappa=0.412) in TB patients. Among
those without TB (n=155), a past history of TB and fibrotic TB scar on chest X-rays were significant factors that yielded
positive T SPOTTB results. There was a significant difference in the magnitude of T SPOTTB spot counts between TB
patients and non-TB patients or healthy adults.

Conclusion: The T SPOTTB assay appeared to be a useful test for the diagnostic exclusion of TB. A positive result,
however, should be cautiously interpreted for potential positives among those without active TB in intermediate TB
incidence areas.

Keywords: Enzyme-Linked Immunospot Assay; Interferon-gamma; Tuberculosis

Address for correspondence: In-Gyu Hyun, M.D.

Department of Internal Medicine, Hallym University Dongtan Sacred Heart Hospital, Hallym University College of Medicine, 7, Keunjaebong-gil,
Hwaseong 445-907, Korea

Phone: 82-31-8086-2472, Fax: 82-31-8086-2482, E-mail: ighyun@hallym.orkr

Address for co-correspondence: Hyun Soo Kim, M.D.

Department of Laboratory Medicine, Hallym University Dongtan Sacred Heart Hospital, Hallym University College of Medicine,7, Keunjaebong-gil,
Hwaseong 445-907, Korea

Phone: 82-31-8086-2775, Fax: 82-31-8086-2789, E-mail: kimhyun@hallym.or.kr

Received: Oct. 13,2013

Revised: Oct. 22,2013

Accepted: Oct. 29, 2013

@It is identical to the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/).

Copyright © 2014 The Korean Academy of Tuberculosis and Respiratory Diseases. All rights reserved.

23



Tuberculosis and
Respiratory Diseases

TR

CH Kim et al.

Introduction

The diagnosis and treatment of tuberculosis (TB) is a world-
wide problem'. Acid-fast staining of sputum yields a sensitivity
of approximately 50-60%, and mycobacterial culture in liquid
media usually requires a waiting period of more than 2 weeks
before the results are available”. Rapid diagnosis is crucial for
effective treatment and control of TB not only in clinical prac-
tice but also throughout the community. When microbiologi-
cal evidence is lacking, the decision to initiate anti-TB treat-
ment can be difficult, especially in areas where the prevalence
of TBis considerable.

The TB-specific T-cell interferon (IFN)-y release assay
(IGRA), QuantiFERON-TB, and the T SPOTTB assays have re-
cently been developed for the diagnosis of TB infection in the
peripheral blood”. These assays make use of antigens such as
early secreted antigenic target-6 (ESAT-6) and culture filtrate
protein-10 (CFP-10) that are encoded by genes located within
the region of difference-1 of the Mycobacterium tuberculosis
genome. These antigens are more specific to M. tuberculo-
sis than the purified protein derivatives (PPDs) used in the
tuberculin skin test (TST)". The TST has a lower specificity in
populations with high bacilli Calmette-Guerin (BCG) inocu-
lation and non-TB mycobacteria (NTM) exposure because
PPD contains a mixture of antigens that are shared among M.
tuberculosis, M. bovis, and several NTM’. The T SPOTTB as-
say (Oxford Immunotec, Oxford, UK), a type of enzyme-linked
immunospot (ELISpot) assay, measures cell-mediated im-
munity by measuring IFN-y released from T cells in response
to TB-specific antigens such as ESAT-6 and CFP-10. The as-
say requires a sample of peripheral blood mononuclear cells
as well as the antigens ESAT-6 and CFP-10, and the number
of T cells producing IFN-y are detected using an automated
ELISpot plate reader”.

We prospectively utilized a commercially available T SPOT.
TB assay for diagnosing TB infection in both a clinical practice
and community-based setting, and we compared this assay
with the clinical characteristics and value of the TST.

Materials and Methods

From June 2008 to June 2010, patients who were clinically
suspected of having active TB and healthy adult volunteers
were consecutively recruited from Hallym University Han-
gang Sacred Heart Hospital. The participants were enrolled
only after the study protocol was approved by the Ethics Re-
view Committee of the Hallym University Hangang Sacred
Heart Hospital, and written informed consent was obtained
from all participants. The participants were asked to complete
a questionnaire about their previous TB history, contact with
patients with active TB, family history, and other underlying
conditions.
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For TB diagnosis, microbiological and pathological speci-
mens were obtained from the subjects admitted to our hospi-
tal who were clinically suspected of having TB. Standard tech-
niques and procedures were employed including chest X-ray,
sputum collection, and bronchoscopy. At the same time, ap-
proximately 8 mL of peripheral blood was collected from each
subject for the T SPOTTB assays. Thereafter, a TST was per-
formed in which 0.1 mL of tuberculin PPD equivalent to two
tuberculin units (RT 23; Statens Serum Institute, Copenhagen,
Denmark) was injected intradermally into the volar aspect of
the forearm, and the transverse induration diameter was mea-
sured 48-72 hours later’. An induration of 10 mm or more was
considered a positive test result. In the healthy adults, chest ra-
diography, T SPOTTB assay, TST, and sputum acid-fast bacilli
(AFB) smears and cultures were also performed after a medi-
cal history was obtained and a full physical examination was
performed.

A diagnosis of active TB was finally made on the basis of all
clinical, radiographic, microbiologic, and histologic informa-
tion after performing routine diagnostic procedures. AFB
culture-positive TB was confirmed if M. tuberculosis was suc-
cessfully cultured from specimens such as sputum, bronchial
washings, body fluid, and other tissues. AFB culture-negative
TB was diagnosed by the presence of caseous granuloma
based on histology, TB polymerase chain reaction tests, and
other biochemical results favoring TB (adenosine deaminase
[ADA] level of >40 IU/L in the pleural or pericardial effusion;
ADA level of 210 IU/L in the cerebrospinal fluid). We excluded
cases without meeting above criteria, even if those who were
suspicious of active TB radiographically.

Fibrotic TB scar was defined when nodulostreaky opacity
were evident in the upper lobes based on chest radiography
and no significant interval changes were observed in these
scars for at least 3 months, and AFB culture findings from spu-
tum samples were negative”.

The IFN-y ELISpot assay, which is part of T SPOTTB test-
ing, was performed according to the manufacturer’s recom-
mendations, and the test results were assessed by the Centers
for Disease Control and Prevention guidelines’. Assays were
scored using an ELISpot reader (CTL-ImmunoSpot S4 ana-
lyzer; Cellular Technology Ltd., Shaker Heights, OH, USA). In
cases where the negative (Nil) control had fewer than or equal
to 10 spots, the result was defined as positive if (ESAT-6 stimu-
lated well minus Nil) and/or (CFP-10 stimulated wells minus
Nil) greater than or equal to eight spots. If the Nil had greater
than 10 spots or positive (mitogen) control had fewer than 20
spots, the result was considered indeterminate. Without meet-
ing above criteria, the result was defined as negative. Available
at http://www.oxfordimmunotec.com/USpagelnsert. Six par-
ticipants with indeterminate results of T SPOTTB assays were
excluded in this study.
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1. Statistical analysis

The sensitivity, specificity, positive predictive value, and
negative predictive value for the diagnosis of active TB were
calculated for each test. The continuous variables were com-
pared by Student's t-test or Mann-Whitney U test (if the vari-
ables were not normally distributed), whereas the categorical
variables were compared using the chi-square test or Fisher's
exact test. Agreement between the test results obtained from
the TST and T SPOTTB assays was assessed using kappa

Table 1. Characteristics of the subjects (n=196)

Suspected  Healthy
Characteristic tuberculosis  adults
(n=134) (n=62)
Age, yr 55.89+20.17  30.56+8.54
Gender (male) 90 (67.2) 33(53.2)
BCG vaccinated 134 (100) 62 (100)
Past history of TB 25 (18.7) 5(8.1)
Underlying conditions and morbidity
Malignancy 19 (14.2)
Liver cirrhosis 2(1.5)
End-stage renal diseases 1(0.7)
Taking immunosuppressive drugs 4(3.0)
Diabetes mellitus 13 (9.7)
HIV infections 2(1.5)
Others* 31(23.1)

Values are presented as meansstandard deviation or number (%)
unless otherwise stated.

*Hypertension, cerebrovascular accident, intracranial hemorrhage.
BCG: bacilli Calmette-Guerin; TB: tuberculosis; HIV: human
immunodeficiency virus.

Table 3. Diagnostic validity of T SPOT.TB assays (n=196)

coefficients (kappa>0.75, excellent agreement; kappa<0.4,
poor agreement; 0.4<kappa<0.75, fair to good agreement). A
p<0.05 was considered significant. Statistical analyses were
performed using dBSTAT software version 4.0 (dBSTAT Inc,,
Chuncheon, Korea).

Results

In total, 134 admitted subjects who were suspected of
having active TB and 62 healthy adults were prospectively
recruited in this study. All participants were vaccinated with
BCG at a very young age. A past history of TB was noted in 25
(18.7%) patients with suspected TB and in 5 (8.1%) healthy
adults (Table 1). Active TB was diagnosed in 41 of the 134
patients with suspected TB (19 were AFB culture positive and
22 were AFB culture negative), although some had risk factors

Table 2. Final diagnoses of the subjects with suspected TB
(n=134)

No. (%)
TB patients (n=41)
Pulmonary TB 29 (70.7)
Extrapulmonary TB 12 (29.3)
Non-TB patients (n=93)
Bacterial pneumonia 31(33.3)
Fibrotic TB scars on chest X-rays 14 (15.1)
Lung cancer 12 (12.9)
Other lung diseases* 36 (38.7)

Values are presented as number (%) unless otherwise stated.
*Interstitial fibrosis, bronchiectasis, solitary pulmonary nodule,
empyema, chronic obstructive pulmonary diseases.

TB: tuberculosis.

Groups i T SPOT.TB results
Positive Negative
TB patients (n=41) 26:15 36(87.8) 5(12.2)
Non-TB patients (n=93) 64:29 52 (55.9) 41 (44.1)
Healthy adults (n=62) 33:29 15(24.2) 47(75.8)
Sensitivity from TB patients 87.8%
Specificity from non-TB patients 44.1%
Specificity from healthy adults 75.8%
Positive predictive value from TB plus non-TB patients 40.9%
Negative predictive value from TB plus non-TB patients 89.1%
Values are presented as number (%) unless otherwise stated.
TB: tuberculosis.
www.e-trd.org http://dx.doi.org/10.4046/trd.2014.76.1.23 25
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for immunosuppression such as human immunodeficiency
virus infection, malignancy, use of immunosuppressive drugs,
and end-stage renal disease. Of the 22 patients who were AFB
culture negative, 12 (54.5%) had extrapulmonary TB, 5 had TB
pleurisy, 3 had TB meningitis, and one patient each had TB
pericarditis, TB spondylitis, TB peritonitis, and intestinal TB.
The final diagnoses of the 93 non-TB patients were bacterial
pneumonia, lung cancer, interstitial fibrosis, bronchiectasis,
empyema, and fibrotic TB scars based on chest radiography

Table 4. Positive rates of T SPOT.TB assays according to age

T SPOT.TB, positive

Age (yr) All participants Subjects without TB

(n=196) (n=155)*
<20 1(1.0) 0
20-30 11 (10.7) 7(104)
31-40 13 (12.6) 6(9.0)
41-50 16 (15.5) 11 (16.4)
51-60 23 (22.3) 18 (26.9)
61-70 20(19.4) 14 (20.9)
>70 19 (18.4) 11 (16.4)
p-value <0.001 <0.001

Values are presented as number (%).
*Non-TB patients plus healthy adults. ‘Linear-by-linear association.
TB: tuberculosis.

(Table 2).

The sensitivity of the T SPOTTB assay for the diagnosis of
active TB in TB patients was 87.8%. The specificity of the as-
say was 44.1% in non-TB patients and 75.8% in healthy adults.
The positive and negative predictive values of the assay were
40.9% and 89.1%, respectively, in TB patients and non-TB pa-
tients (Table 3).

Until the age of 60, the positive rates of the T SPOTTB assay
significantly increased with age in all participants (p<0.001)
and in those who did not have TB (p<0.001) (Table 4).

A comparison of the results from T SPOTTB assays in non-
TB patients and healthy adults (n=155) is shown in Table 5.
The positive rate of the T SPOTTB assay was significantly
higher in the subjects who had a past history of TB and fibrotic
TB scars visible on chest X-ray than in those who did not have
(p=0.001 and p=0.001, respectively). With the exception of
hypertension (p=0.004), underlying conditions and comor-
bidities did not appear to have effects on the results of T SPOT.
TB assays. However, hypertension did not lead to significant
differences between the 2 groups after the data was adjusted
for age.

The positive rate of the T SPOTTB assays was significantly
higher in TB patients compared to non-TB patients and
healthy adults (p<0.001 and p<0.001, respectively). No dif-
ferences were observed in the TST results of TB and non-TB
patients (p>0.05), TB patients and healthy adults (p>0.05),
and non-TB patients and healthy adults (p>0.05) (Table 6).
The agreement between T SPOTTB assays and TST was

Table 5. Comparison of the results from T SPOT.TB assays among subjects without TB (n=155)*

T SPOT.TB results
Characteristics p-value
Positive (n=67) Negative (n=88)
Past history of TB 18 (26.9) 6(6.8) 0.001
Firobrotic TB scar on chest X-ray 20(29.9) 6(6.8) 0.001
Underlying conditions and morbidity
Age >70yr 11(164) 16(182) >0.05
Malignancy 9(134) 6(6.8) >0.05
Liver cirrhosis 3(4.5) 0 >0.05
End-stage renal disease 1(1.5) 0 >0.05
Immunosuppressive drugs 0 2(23) >0.05
HIV infection 1(1.5) 1(1.1) >0.05
Diabetes mellitus 8(11.9) 3(34) >0.05
Hypertension® 14 (20.9) 5(5.7) 0.004
Cerebrovascular accidents 1(1.5) 1(1.1) >0.05
Intracranial hemorrhage 1(1.5) 0 >0.05
Bacterial pneumonia 14 (20.9) 17(19.3) >0.05

Values are presented as number (%).

*Non-TB patients plus healthy adults. "There was no significant difference after the data were adjusted for age.

TB: tuberculosis; HIV: human immunodeficiency virus.
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Table 6. Comparison of the results from the TST and T SPOT.TB assay

TB patients (n=41)

T SPOTIB, positive* 36(87.8)
TST, tested number 20 (48.8)
>10 mm of induration’ 14 (70)

Non-TB patients (n=93) Healthy adults (n=62)
52 (55.9) 15(24.2)
33 (35.5) 62 (100)
17 (51.5) 37(59.7)

Values are presented as number (%).

*TB patients versus non-TB patients, TB patients versus healthy adults (p<0.001 and p<0.001, respectively); non-TB patients versus healthy
adults (p<0.001). "B patients versus non-TB patients, TB patients versus healthy adults (p>0.05 and p>0.05, respectively); non-TB patients

versus healthy adults (p>0.05).
TST: tuberculin skin test; TB: tuberculosis.

Table 7. Agreement between the TST and T SPOT.IB assay

Group Agreement Kappa p-value
All participants* 66.1% 0.335 0.000
TB patients' 80.0% 0.412 0.023
Non-TB patients’ 72.7% 0.453 0.009
Healthy adults® 58.1% 0.237 0.014

*Data were available for 115 participants. "Data were available
for 20 patients. "Data were available for 33 patients. ‘Data were
available for 62 subjects.

TST: tuberculin skin test; TB: tuberculosis.
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Figure 1. Boxplot showing the number of spot-forming cells in sub-
jects with positive T SPOTTB results. *p<0.001, 'p>0.05. TB: tuber-
culosis.

66.1% (kappa=0.335) among all participants and 58.1% (kap-
pa=0.237) among healthy adults. However, the overall agree-
ment was 80.0% (kappa=0.412) among TB patients and 72.7%
(kappa=0.453) among non-TB patients (Table 7).

The mean number of spot-forming cells was 40.1-41.3 in
TB patients, 18.9-19.1 in non-TB patients, and 26.2-51.5 in
healthy adults. The number of spot-forming cells was signifi-
cantly higher in TB patients compared with non-TB patients
and healthy adults (p<0.001 and p<0.001, respectively). No

www.e-trd.org http://dx.doi.org/10.4046/trd.2014.76.1.23
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Figure 2. Regression analysis of the number of spot-forming cells
and the size of the induration between the T SPOTTB assay and the
tuberculin skin test.

difference was observed in the number of spots between non-
TB patients and healthy adults (p>0.05) (Figure 1). Regression
analysis demonstrated a good positive correlation between
the number of spot-forming cells in the T SPOTTB assay and
the size of the induration in the TST (r*=0.217, p<0.001) (Figure
2).

Discussion

A great deal of effort is needed to confirm a diagnosis of
TB in routine clinical practice. Invasive procedures including
bronchoscopy and biopsy may also be needed to obtain in-
fected specimens or tissues for microbiological and pathologi-
cal examinations. There is a delay in diagnosis and initiation of
therapy because mycobacterial culture requires several weeks
before a final result can be obtained. Therefore, a rapid, sensi-
tive, and specific diagnostic test is needed because the TST is
regarded as unreliable and is neither sensitive nor specific for
diagnosing TB, especially in areas with an intermediate TB
burden®"’. We investigated the diagnostic utility of the newly
introduced T cell-based ELISpot (T SPOTTB) assay in patients
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with clinically suspected TB and healthy adults. The T SPOT.
TB assay is another form of IGRA using antigens specific to
M. tuberculosis. The T SPOTTB assay demonstrated 87.8%
sensitivity for diagnosing TB in patients with confirmed TB. In
addition, the negative predictive value of the T SPOTTB assay
was 89.1%. Considering that the diagnostic specificity of the
TST has been confounded in people vaccinated with BCG',
the T SPOTTB assay could be more useful in the diagnosis and
exclusion of active TB. Although the specificity of the T SPOT.
TB assay in healthy adults (75.8%) was slightly higher than that
in non-TB patients (44.1%), this low specificity is expected to
limit its clinical application in routine practice. A few factors
should be considered in order to adequately interpret this low
specificity. Latent TB has a high prevalence, which is as high as
30% among Koreans'” and probably contributes a decrease in
the specificity of the T SPOTTB assay. This study was focused
on understanding the utility of the T SPOTTB assay for patients
who were clinically suspected of having TB; thus, we focused
on unselected patients, which could have introduced a selec-
tion bias. This is one reason why the specificity of the T SPOT.
TB assay was lower in non-TB patients than in healthy adults.

We noted that positive rates of T SPOTTB assays in non-
TB patients and healthy adults proportionally increased up
to the age of 60, and thereafter, we noted a slight decrease,
due to maybe senescence. A significant proportion (43.2%)
of those who did not have TB had a positive T SPOTTB result.
A past history of TB and fibrotic TB scars visible on a chest
X-ray turned out to be important factors that yielded positive
T SPOTTB results. To understand our results correctly, we
must consider the clinical limitations of an area where BCG
vaccination is mandatory and the prevalence of latent TB in-
fection is considerable. ELISpot results correlate significantly
with TB exposure, and show a strong positive correlation with
exposure intensity'*"". For each hour that room air is shared
with an active TB case, the odds of a positive result for ELISpot
increased by 1.05". In our interpretation of the results, we
must consider that our population has been heavily exposed
to active TB in the community-based setting, especially during
the ages of 20 to 60 as their age increases.

The agreement between the TST and the T SPOTTB as-
say was poor among all participants and healthy adults
(kappa=0.335 and kappa=0.237, respectively), and was rela-
tively fair among TB and non-TB patients (kappa=0.412 and
kappa=0.453, respectively). The ELISpot assay is known to be
less affected by BCG status'". Most previous studies have
reported a modest agreement (60-80%) between the TST and
IGRA. However, BCG vaccination appeared to be associated
with a specific pattern of discordance based on a review of
domestic studies’. Compared with the TST, The T SPOTTB
assay is known to correlate significantly better with increasing
TB exposure. The T cell responses to ESAT-6 and CFP-10 are
also not completely specific for infection with M. tuberculosis
complex and may result from certain NTM infections. There-
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fore, we must use caution when accepting the results of the
T SPOTTB assay because positive results may suggest past
exposure to TB or NTM infection.

The number of spot-forming cells was significantly in-
creased in TB patients compared with non-TB patients and
healthy adults. However, the quantitative results of T SPOT.
TB assays overlapped considerably between TB patients and
those who did not have TB. Therefore, T SPOTTB should be
limited in routine clinical practice to establish or exclude a
diagnosis of TB because the assay is not able to distinguish ac-
tive TB from latent TB'. Tuberculin reactivity caused by BCG
vaccination generally wanes over the time. Unfortunately,
there is no reliable method currently available to distinguish
a positive TST reaction from a natural mycobacterial infec-
tion. However, reactions with an induration of more than 20
mm are not likely caused by BCG". This study showed that
there was a good positive correlation between the number of
spot-forming cells and the size of the induration for both the
T SPOTTB and the TST in all participants. We believe that this
phenomenon represents the immune response of subjects
who were exposed to M. tuberculosis.

It may be argued whether the participants in this study were
appropriate in terms of the routine clinical practice and the
community-based setting. Five (8.1%) of the healthy adults
had a past history of TB. We did not reorganize the admitted
patients according to immune status. The TST was performed
on all healthy adults but not on all TB and non-TB patients.
However, the sputa of 5 healthy adults with a past history of
TB did not yield any microbiological evidence of TB. There
were no significant differences in the positive rates for the TST
and T SPOTTB assay according to underlying conditions and
comorbidity, which were likely due to the small sample size.
Considering that previous domestic studies have reported a
positive TST rate (>10 mm of induration) ranging from 66.7%
to 78% among active TB patients and from 21.4% to 51%
among subjects with a low risk of TB”'’, we believe that the
participants in our study did not deviate much from our clini-
cal and community setting and did not affect the outcome of
this study.

In conclusion, the relatively high sensitivity and negative
predictive value of the T SPOTTB assay, which is based on
the TB-specific antigens ESAT-6 and CFP-10, make it a useful
clinical tool for the diagnosis and exclusion of active TB. How-
ever, the test results should be very cautiously interpreted for
patients with a past history of TB, fibrotic TB scars visible on
chest X-ray and old ages because many of these factors yield
false positive T SPOTTB assays results in clinical practice and
community-based settings. This is especially true in areas with
an intermediate burden of TB and considerable prevalence of
latent TB.
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