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Differentiating tuberculosis (TB) from pneumonia remains a challenge. We evaluated the cytokine profiles
of whole blood cells from patients with TB (n � 38) or pneumonia (n � 30) and from healthy individuals (n �
30) before and after stimulating cells with ESAT-6 or lipopolysaccharide (LPS). When the percent change in
the levels of gamma interferon (IFN-�) after stimulation with ESAT-6 was used in receiver operating char-
acteristics (ROC) analysis (a graphic method to determine the diagnostic accuracy of a test) to identify a
patient with TB, the area under the curve (AUC) was 90.4%, and a cutoff point of a 3.59% change produced a
corresponding sensitivity, specificity, and accuracy of over 80%. When the change in IFN-� after stimulation
of blood cells with LPS was used to identify a patient with pneumonia, the AUC reached 89.1%, and a cutoff
point of 3.59% produced a sensitivity, specificity, and accuracy of approximately 80% each. When the change
in interleukin-12 (IL-12) after stimulation of blood cells with LPS was selected to define a patient with
pneumonia, the AUC was 85.2%, and a cutoff point of 2.08% gave a sensitivity, specificity, and accuracy of
80.0%, 78.9%, and 79.4%, respectively. We conclude that the percent change in IFN-� after stimulation of whole
blood cells with ESAT-6 may differentiate patients with TB from patients with pneumonia. The percent change
in IFN-� and IL-12 after LPS stimulation of whole blood cells could differentiate patients with pneumonia from
patients with TB.

Differentiating pulmonary tuberculosis (TB) from pneumo-
nia caused by other infectious organisms remains a serious
challenge. Examination of sputum smears for acid-fast bacilli
(AFB) is relatively insensitive, and culture for Mycobacterium
tuberculosis takes days to weeks to produce a result (10). The
use of the tuberculin skin test (TST) to diagnose TB is limited
in regions where a large fraction of the population has been
vaccinated with Mycobacterium bovis bacillus Calmette-Guerin
(BCG) (11). Therefore, recent research has focused on iden-
tifying M. tuberculosis-specific antigens. One of these, early
secretory antigen target-6 (ESAT-6), is encoded by a genetic
segment that is absent from BCG (25), and two commercial
tests have been developed on the basis of the enhanced ability
of ESAT-6 (and other antigens) to simulate production of
gamma interferon (IFN-�) in blood samples from patients with
TB (18). Although useful for the diagnosis of TB, a study
examining the utility of such tests for differentiating TB from
other pulmonary diseases has demonstrated rather low speci-
ficity and sensitivity (76% and 79%, respectively), presumably

because of the background of underlying respiratory disease in
the patients (17).

The objective of this study was to determine whether other
cytokine markers could be identified that would be more useful
for the differential diagnosis of TB and pneumonia from blood
samples. We used microarrays coated with antibodies against
tumor necrosis factor alpha (TNF-�), interleukin-6 (IL-6),
IL-8, IL-10, monocyte chemoattractant protein 1 (MCP-1),
IFN-�, IL-1�, IFN-induced protein 10 (IP-10), and IL-12 to
evaluate the cytokine profiles of whole blood cells collected
from patients with TB or pneumonia and from healthy indi-
viduals. The cytokine profiles were determined before and
after stimulation with ESAT-6 (to magnify the cytokine re-
sponse in patients with TB) and lipopolysaccharide ([LPS] to
amplify the response in patients with pneumonia) in terms of
both the absolute levels and the percent differences before and
after stimulation.

MATERIALS AND METHODS

Patients. This study was approved by the local Institutional Review Board, and
informed consent was obtained from all participants. From January 2007 to
December 2007, 38 patients with pulmonary TB, 30 patients with pneumonia,
and 30 healthy participants were recruited from Tri-Service General Hospital in
Taiwan. Patients with pulmonary TB were enrolled according to the following
inclusion criteria: primary TB defined by the presence of middle or lower lung
infiltration with or without ipsilateral hilar lymphadenopathy, secondary TB
defined by the presence of unilateral or bilateral upper lung cavitation or infil-
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tration of the right upper lobe apical and posterior segments or the left lobe
apical-posterior segment, or a definitive diagnosis of TB established by isolation
of tubercle bacilli in culture or identification of specific nucleic acid sequences
(TB-PCR) from sputum or bronchoalveolar lavage fluid (BALF) (6). Patients
with pneumonia were enrolled according to the following inclusion criteria: the
presence of community-acquired pneumonia diagnosed by the American Tho-
racic Society (ATS) guideline (19), the presence of pulmonary infiltrate in chest
films that mimicked pulmonary TB but negative results of sputum acid-fast smear
and TB culture, and resolution of the pulmonary infiltrate within 1 week after
antibiotic therapy. Patients with pneumonia were excluded if their chest films
showed a delay of resolution lasting more than 1 month or if they had a history
of pulmonary TB. The healthy control participants were enrolled from patients
undergoing physical examinations. Any healthy participants who had a history of
pulmonary infection or TB, type 2 diabetes, diseases causing immunosuppression
(e.g., collagen vascular disease), or malignant tumors were excluded from the
study.

Preparation and stimulation of samples. Three-milliliter blood samples were
collected from all participants (before intensive anti-TB therapy in the patients
with TB) in the presence of dry lithium heparin and were aliquoted into three
samples, added into a 48-well cell culture plate, and stimulated by adding 1 �l of
1 �g/�l LPS or 1 �g/�l ESAT-6 to the wells containing 999 �l of blood from the
first two samples, respectively. An equal volume (1 �l) of normal saline was
added to the third unstimulated sample. After stimulation, the plates were placed
in a carbon dioxide incubator for 24 h and then centrifuged at 3,000 rpm for 10
min. The supernatants were collected, and a 10-�l plasma sample was used for
analysis.

Identification of cytokine markers. Initial cytokine expression was evaluated
with a commercially available protein array membrane (RayBio Human Cyto-
kine Antibody Array C, Series 1000; RayBiotech Inc.) for which detection was
enhanced with a chemiluminescence kit (Amersham Pharmacia Biotech). This
array consisted of antibodies against 174 different cytokines and chemokines
spotted in duplicate onto three membranes. Detection was performed according
to the manufacturer’s instructions. Samples from three patients with TB and
three healthy controls were stimulated and prepared as described above. From a
preliminary protein array membrane assay, we identified TNF-�, IL-6, IL-8,
IL-10, MCP-1, IFN-�, IL-1�, IP-10, and IL-12 as the candidate marker cytokines
for differential diagnosis.

Cytokine assay. Protein array chips were subsequently prepared for the cyto-
kine assay. Briefly, monoclonal antibodies against human cytokines TNF-�, IL-6,
IL-8, IL-10, MCP-1, IFN-�, IL-1�, IP-10, and IL-12 (R&D Systems, Inc.) were
dissolved in sterile phosphate-buffered saline (PBS) at a concentration of 500
�g/ml and printed by the Microsys 5100 Microarray system (Cartesian Technol-
ogy) onto silylated glass slides with reactive acetaldehyde groups (CSS-100 sily-
lated glass slides; CEL Associates, Houston, TX) in four by seven microarrays.
PBS plus 1% bovine serum albumin (BSA) and 0.05% Tween-20 (PBSBT) and
biotinylated antibody against human cytokines were also printed onto the slides
to serve as negative and positive controls, respectively. The anticytokine arrays
were incubated at 4°C for 24 h and then placed in PBS containing 2% bovine
serum albumin (2% PBSB) at room temperature for 30 min. Afterwards, the
anticytokine arrays were washed with PBS containing 0.025% Tween-20 (0.025%
PBST) for 1 min and with PBS for 2 min before being dried by centrifugation.

Blood samples were collected from all of the participants, stimulated, and
prepared as described above. Ten-microliter plasma samples were added onto
the corresponding blocks of cytokine arrays at room temperature and removed
after 30 min. The cytokine arrays were washed in 0.025% PBST for 3 min and
dried by centrifugation. A mixture of nine biotinylated antibodies against the
selected nine test human cytokines (R&D Systems, Inc.) was diluted with PBSBT
to give a final concentration of 40 �g/ml (1:200 dilution). This diluted mixture
was added onto the cytokine arrays at room temperature for 30 min and then
removed. The arrays were washed with 0.025% PBST for 3 min and with PBS
wash buffer for 3 min before being dried by centrifugation. Then, Cy5-conjugated
streptavidin (Jackson ImmunoResearch laboratories, Inc.) diluted at 1:1,000 with
PBSBT was added onto the corresponding blocks of cytokine array at room
temperature for 20 min and removed. The arrays were washed as described
above and dried by centrifugation. The cytokine arrays were examined with a
microarray scanner (Genepix 4000B), and the intensity of fluorescence at an
absorbance wavelength of 635 nm was measured and analyzed by GenePix Pro,
version 6.0, software. The fluorescence values of unstimulated specimens (back-
ground values) were subtracted from the values for stimulated specimens in all
cases.

Statistical analysis. Because of the skewed distribution of residuals, continu-
ous variables were expressed as median and interquartile range (IQR). In addi-
tion, numbers and percentages were computed and are shown for the categorical

variables. A Kruskal-Wallis test was used to examine the differences in age and
laboratory data among the three groups of participants; once a significant result
was reported, a Mann-Whitney U test was then performed for posthoc tests. For
analysis of the nine cytokines and the corresponding changes after stimulation
with either ESAT-6 or LPS, the age-adjusted differences among various groups
were tested using Friedman’s test. Friedman’s test was also used to analyze the
differences in expression levels of cytokines among the various stimulations for a
given patient group. In order to distinguish patients with TB from those with
pneumonia, a receiver operating characteristic (ROC) curve was used to select
an appropriate cutoff point giving similar sensitivity and specificity values. The
chosen cutoff point will be applied to distinguish patients with TB and pneumo-
nia in the future. An � value of 0.05 indicated significance; when posthoc tests
were necessary, the significance level was changed to 0.017 (�� of 0.05/3, or 0.017)
to compensate for the increased probability of making a type I error when
multiple comparisons are made. All statistical analysis was performed using SAS,
version 9.1.3, software (SAS Inc., Cary, NY).

RESULTS

The demographic characteristics of the 98 participants are
summarized in Table 1. The three groups were similar with re-
spect to distribution by sex and smoking habit, but the participants
in the healthy control group were significantly younger than those
in the pneumonia or TB groups. The group with pneumonia had
higher white blood cell counts, more neutrophils, and fewer lym-
phocytes while the hemoglobin and monocyte counts in the pa-
tients with pneumonia and TB were significantly lower than those
in the healthy participants.

Comparison of cytokine levels between the control and TB
groups. The differences in the levels of nine cytokines in whole
blood among the three groups under different conditions of
stimulation are shown in Table 2. The unstimulated samples of
whole blood from the patients with TB displayed higher levels
of IL-8, MCP-1, IP-10, and IFN-� than the control group after
controlling for the difference in ages. When the whole-blood
samples were stimulated with ESAT-6, the samples from the
patients with TB displayed higher levels of IL-6, IL-8, MCP-1,
and IFN-� than those from the control group. When the
whole-blood samples were stimulated with LPS, the samples
from the patients with TB displayed higher levels of IL-8 and
MCP-1.

Comparison of cytokines between the control and pneumo-
nia groups. After adjustment for the difference in ages, the
unstimulated whole-blood samples from the patients with
pneumonia had significantly higher levels of IL-8, IL-1�, and
MCP-1 than those from the healthy participants. When sam-
ples were stimulated with ESAT-6, those from the patients
with pneumonia had higher levels of MCP-1 than those from
the healthy participants. When the samples were stimulated
with LPS, the patients with pneumonia had higher levels of
IL-8 than the healthy participants.

Comparison of cytokines between the TB and pneumonia
groups. No differences in the levels of the nine cytokines were
observed between the TB and pneumonia groups when the
samples were either unstimulated or stimulated with ESAT-6.
After stimulation with LPS, however, the samples from the
patients with pneumonia had higher levels of IL-10 and IFN-�
than those from the patients with TB.

Percent changes in levels of cytokines after stimulation:
patients with TB versus healthy participants. In addition to
the higher absolute levels of these cytokines after stimulation
with ESAT-6, the samples from the patients with TB also
showed significantly greater changes in the levels before and
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after stimulation for cytokines IL-6, IL-8, IL-10, MCP-1, and
IFN-� than the samples from the control group (Table 3). In
contrast, there were no significant differences between the
patients with TB and the healthy participants with respect to
the changes in the levels of cytokines after stimulation with
LPS except for IL-12, which showed a significantly greater
change in the healthy participants than in the patients with TB
group.

Percent changes in levels of cytokines after stimulation:
patients with pneumonia versus healthy participants. Stimu-
lation of the samples from the pneumonia group with ESAT-6
produced a change in the level of MCP-1 that was significantly
greater than that in the control group. After stimulation with
LPS, the changes in the levels of IL-8 and IL-10 were signifi-
cantly greater than those of the control group (Table 3).

Percent changes in levels of cytokines after stimulation:
patients with TB versus patients with pneumonia. After stim-
ulation with ESAT-6, the samples from the patients with TB
showed significantly greater changes in the levels of IL-6, IL-8,
and IFN-� than those from the patients with pneumonia. After
stimulation with LPS, the samples from the patients with pneu-
monia showed significantly greater changes in secretion of
IL-12 and IFN-� (Table 3).

ROC analysis to distinguish the patients with pneumonia
and TB. An ROC curve is a way to present the characteristics
of a diagnostic test such that the y axis represents the sensitivity
and the x axis represents the specificity obtained when the
cutoff value that separates healthy individuals from ill ones
varies. An example of the ROC analysis for the percent change
in IFN-� is included as Table S1 in the supplemental material.
As the cutoff value varies, the corresponding sensitivity and
specificity change. The cutoff at which the values for the sen-
sitivity and specificity are closest to each other (in this example,
3.59%) was selected as the optimal cutoff point.

ROC analysis of the data from Table 3 for the patients with
TB and pneumonia was performed with TB defined as the
major outcome when ROC curves were drawn for the changes
in levels of IL-6, IL-8, and IFN-� secreted by ESAT-6-stimu-

lated blood cells. In contrast, pneumonia was defined as the
major outcome for the ROC curves drawn for the changes in
the levels of IL-12 and IFN-� secreted by LPS-stimulated
blood cells. The calculated area under curve (AUC), accuracy,
sensitivity, specificity, positive predictive value (PPV), and neg-
ative predictive value (NPV) are shown in Table 4. The great-
est AUC for the ESAT-6-stimulated blood cells was observed
in the ROC curve for the change in secreted IFN-� (90.4%;
95% confidence interval [CI], 81.7% to 99.2%). When we used
a cutoff point of 3.59% to define a patient with TB, the corre-
sponding sensitivity, specificity, PPV, NPV, and accuracy for
the change in IFN-� after stimulation were 84.2%, 83.3%,
86.5%, 80.6%, and 83.8%, respectively.

When the change in IFN-� after stimulation of blood cells
with LPS was used to detect pneumonia, the AUC reached
89.1% (95% CI, 81.7% to 96.6%), and the sensitivity, specific-
ity, NPV, and accuracy still approximated 80%. However, the
PPV was only 77.4% (Table 4). The ROC analysis of the
change in IL-12 secreted by LPS-stimulated blood cells gave an
AUC of 85.2% (95% CI, 75.9% to 95.2%). When a cutoff of
2.08% was selected to define a patient with pneumonia (per-
cent change of IL-12 of �2.08%), the sensitivity, specificity,
PPV, NPV, and accuracy were 80.0%, 78.9%, 75.0%, 83.3%,
and 79.4%, respectively (Table 4).

DISCUSSION

The production of cytokines has been an area of active
research in the search for biomarkers for diagnosis and mon-
itoring of therapy for TB. Sputum levels of cytokines, such as
IFN-�, TNF-�, IL-8, and IL-6, have been reported to correlate
with disease activity during active pulmonary TB (22). Several
investigations of the value of cytokines measured in pleural
fluids have been reported (1, 13, 20). However, sputum and
pleural fluids are not as easily obtained as blood samples. In
this study, we report the identification of several cytokine
markers that can be measured in whole blood and used to
differentiate TB from pneumonia.

TABLE 1. Characteristics and laboratory data for the 98 participants

Characteristic

Value in the indicated groupa

P valueb Posthoc testc
Healthy individuals

(n � 30)
Patients with pneumonia

(n � 30)
Patients with tuberculosis

(n � 38)

Patient data
Age (years) 39.0 (35.5, 62.5) 75.0 (37.3, 81.0) 45.8 (58.5, 75.0) 0.009* H � P � T
No. of men (%) 25 (83.3) 27 (90.0) 33 (86.8) 0.748 NA
No. of smokers (%) 10 (33.4) 11 (36.7) 16 (42.1) 0.658 NA

Blood components
White blood cell count (103/�l) 7.4 (5.9, 8.1) 9.3 (7.1, 13.4) 6.9 (5.5, 9.0) 0.009* H � T � P
Hemoglobin (g/dl) 13.6 (13.1, 14.0) 12.5 (11.1, 13.5) 12.4 (10.4, 13.5) 0.001* P � T � H
Neutrophils (%) 70.3 (58.6, 74.9) 78.4 (69.9, 90.6) 70.9 (56.8, 83.9) 0.002* H � T � P
Monocytes (%) 10.7 (8.2, 13.5) 5.5 (3.5, 8.5) 8.2 (5.7, 11.5) �0.001* P � T � H
Eosinophils (%) 1.5 (0.2, 3.1) 0.9 (0.1, 2.9) 1.5 (0.2, 3.5) 0.629 NA
Basophils (%) 0.4 (0.2, 0.6) 0.2 (0.1, 0.4) 0.4 (0.2, 0.6) 0.096 NA
Lymphocytes (%) 17.6 (13.0, 26.3) 10.9 (7.5, 18.3) 16.2 (7.4, 27.6) 0.041* P � H
Sodium (g/dl) 138.0 (136.8, 140.0) 137.0 (134.0, 139.0) 135.5 (131.0, 138.0) 0.004* T � H

a Except as noted for sex and smoking, data are presented as the median (IQR) for continuous variables.
b Kruskal-Wallis test was used. �, significantly different among the three groups (P � 0.05).
c Mann-Whitney U test with an adjusted � level (�� � 0.05/3 � 0.017) was used. P, pneumonia patients; T, tuberculosis patients; H, healthy individuals; NA, not

applicable.
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We performed a preliminary protein array membrane assay
comparing stimulated samples from patients with TB and
healthy individuals to identify candidate marker cytokines for
differential diagnosis of TB and pneumonia. The markers we
identified included TNF-�, IL-6, IL-8, IL-10, MCP-1, IFN-�,
IL-1�, IP-10, and IL-12. TNF-� and interleukins 6, 8, and 1�
are proinflammatory cytokines associated with a variety of
infections. TNF-� has been shown to play a role along with
IFN-� in the formulation and maintenance of granuloma (15,
16). IL-6 is secreted by both macrophages and T cells and
recruits and activates monocytes (7). MCP-1 targets monocytes
and T cells (5, 21) and has been reported to be elevated in the
plasma of patients with TB (14). IFN-� is a well-established

marker for TB (18). IL-10 is a downregulatory cytokine that
inhibits overproduction of the proinflammatory cytokines (8).
Interferon-induced protein 10 (IP-10) is a CXC chemokine
produced primarily by monocytes and T cells. IL-12 is a Th1
cytokine that has been hypothesized to be decreased in pa-
tients with the early stage of active TB and increased after
therapy (9, 24). Interleukins 6, 8, 10, 12, and IFN-� in plasma
or bronchoalveolar lavage fluid (BALF) have all been evalu-
ated recently as possible markers for the prognosis of patients
with pneumonia (4, 26). Thus, all of these markers have the
potential to provide useful information about the infection
status of patients with TB.

Our results showed significant differences in the expression

TABLE 2. Cytokines detected under various conditions of stimulation

Cytokine and condition

Amt of cytokine (pg/ml) detected in the indicated group (median �IQR	)a

P valueb Posthoc testc

Healthy individuals (n � 30) Patients with pneumonia
(n � 30)

Patients with tuberculosis
(n � 38)

IL-6
Unstimulated 10.7 (10.7, 10.8) A 10.7 (10.7, 11.3) A 10.7 (10.7, 11.3) A 0.131 NA
ESAT-6 11.6 (10.8, 13.7) B 14.1 (11.1, 49.3) B 41.3 (20.7, 130.9) B 0.014* H � T
LPS 175.9 (60.4, 245.7) C 42.8 (24.1, 172.1) C 41.5 (20.0, 210.1) B 0.161 NA

IL-8
Unstimulated 748.0 (735.0, 760.2) A 778.4 (748.6, 1100.6) A 886.2 (751.1, 1645.3) A 0.003* H � P � T
ESAT-6 797.6 (763.1, 997.0) B 1461.0 (1244.6, 2341.5) B 3145.8 (1862.9, 4708.9) B �0.001* H � T
LPS 1064.6 (899.1, 1920.3) C 3249.2 (1738.0, 4743.1) C 2414.3 (1667.4, 5422.0) B �0.001* H � P � T

IL-10
Unstimulated 30.2 (28.8, 32.9) A 31.3 (30.4, 37.8) A 30.5 (29.2, 32.3) A 0.869 NA
ESAT-6 31.7 (30.0, 34.1) A 35.8 (31.7, 49.4) B 35.7 (31.4, 41.4) B 0.236 NA
LPS 34.5 (30.8, 39.5) B 48.1 (36.6, 60.5) C 37.3 (32.0, 58.1) B 0.015* T � P

IL-12
Unstimulated 183.5 (177.9, 196.3) A 184.9 (180.5, 212.0) A 190.7 (187.2, 195.4) A 0.254 NA
ESAT-6 184.0 (179.8, 201.1) B 188.7 (183.2, 212.7) B 196.0 (188.9, 200.7) B 0.384 NA
LPS 199.3 (190.7, 240.7) C 191.7 (19.4, 237.3) C 191.3 (187.0, 194.6) A 0.097 NA

IL-1�
Unstimulated 26.6 (26.5, 27.1) A 27.0 (26.8, 30.2) A 26.9 (26.7, 27.8) A 0.004* H � P
ESAT-6 27.8 (26.9, 34.4) B 30.5 (27.4, 41.1) B 44.3 (28.9, 58.5) B 0.470 NA
LPS 171.5 (100.8, 325.9) C 82.9 (46.8, 225.7) C 94.0 (54.8, 287.2) C 0.735 NA

MCP-1
Unstimulated 2792.5 (2781.8, 2863.3) A 3154.6 (2924.7, 3851.7) A 3458.5 (2940.4, 5197.7) A 0.001* H � P � T
ESAT-6 2804.9 (2796.4, 2985.2) B 3961.7 (3500.9, 4559.9) B 5144.7 (4003.3, 6276.0) B �0.001* H � P � T
LPS 2831.1 (2805.8, 3575.6) C 4028.7 (3464.8, 5207.9) B 4374.1 (3506.4, 5348.4) C �0.001* H � T

IP-10
Unstimulated 171.5 (167.6, 183.1) A 186.4 (178.0, 255.0) A 182.0 (169.7, 245.8) A 0.016* H � T
ESAT-6 193.0 (175.2, 236.3) B 215.6 (185.5, 278.2) B 207.0 (182.0, 309.9) B 0.125 NA
LPS 975.0 (402.5, 2716.9) C 279.6 (207.2, 390.1) C 266.6 (201.2, 394.1) B 0.145 NA

TNF-�
Unstimulated 23.6 (22.9, 27.2) A 23.9 (23.1, 25.5) A 24.8 (24.2, 25.9) A 0.712 NA
ESAT-6 25.7 (23.4, 30.8) B 26.5 (23.7, 31.6) B 28.1 (26.5, 62.6) B 0.074 NA
LPS 76.0 (44.5, 158.5) C 45.3 (28.3, 441.8) C 35.5 (25.7, 128.8) B 0.220 NA

IFN-�
Unstimulated 25.8 (24.9, 27.4) A 29.0 (27.7, 32.5) A 27.7 (27.2, 30.1) A 0.005* H � T
ESAT-6 26.0 (25.1, 27.3) AB 29.3 (27.8, 34.6) A 30.0 (28.7, 38.5) B 0.002* H � T
LPS 27.1 (25.3, 28.6) B 36.4 (29.7, 43.2) B 27.9 (26.4, 32.4) A 0.007* T � P

a Different letters denote significant difference between two stimulations (P � 0.017).
b Friedman’s test, adjusted for age, was used. �, significantly different among the three groups (P � 0.05).
c Friedman’s test, adjusted for age, was used. An adjusted � (�� � 0.05/3 � 0.017) was applied. P, pneumonia patients; T, tuberculosis patients; H, healthy individuals;

NA, not applicable.
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of various cytokines by unstimulated whole blood cells from
patients with TB, pneumonia, and healthy individuals. The
patients with TB displayed higher absolute levels of IL-8,
MCP-1, IP-10, and IFN-� than the healthy individuals after
controlling for the difference in ages. The patients with pneu-
monia showed significantly higher levels of IL-8, IL-1�, and

MCP-1 than the healthy participants. However, no significant
differences in the absolute levels of any measured cytokines
were found between the TB and pneumonia groups. These
data suggest that the unstimulated cytokine profile does not
provide information that can be used to distinguish patients
with TB from those with pneumonia.

TABLE 3. Percent change of cytokine levels after ESAT-6 and LPS stimulation

Cytokine and condition

% Change in the indicated group (median �IQR	)a

P valueb Posthoc testc
Healthy individuals

(n � 30)
Patients with pneumonia

(n � 30)
Patients with tuberculosis

(n � 38)

IL-6
ESAT-6 7.41 (0.14, 27.64) 22.80 (2.10, 220.86) 278.58 (91.39, 1063.65) 0.005* H � P � T
LPS 1546.64 (458.75, 2180.30) 275.55 (123.39, 1186.82) 282.82 (87.05, 1870.94) 0.161 NA

IL-8
ESAT-6 6.93 (1.36, 30.83) 72.40 (26.01, 122.55) 147.61 (68.36, 281.16) 0.001* H � P � T
LPS 42.90 (20.38, 147.42) 188.23 (111.04, 335.74) 127.17 (44.84, 189.81) 0.011* H � P

IL-10
ESAT-6 4.01 (
1.25, 6.89) 8.06 (1.49, 21.61) 9.98 (4.92, 27.62) 0.033* H � T
LPS 11.29 (2.43, 17.03) 36.07 (15.89, 75.31) 18.33 (5.38, 84.51) 0.002* H � P

IL-12
ESAT-6 1.92 (0.53, 4.21) 1.06 (0.40, 1.87) 1.06 (0.42, 2.68) 0.476 NA
LPS 11.08 (2.92, 26.97) 5.20 (2.32, 6.80) 0.11 (
1.62, 1.41) �0.001* T � P � H

IL-1�
ESAT-6 2.50 (0.48, 29.41) 4.45 (0.66, 21.53) 45.23 (8.98, 111.57) 0.107 NA
LPS 5.23 (2.74, 11.21) 205.15 (36.26, 712.37) 252.76 (76.70, 778.94) 0.888 NA

MCP-1
ESAT-6 0.76 (0.06, 2.30) 19.67 (4.69, 26.19) 23.63 (8.36, 37.14) 0.005* H � P � T
LPS 1.41 (0.61, 23.35) 23.36 (4.18, 40.56) 5.60 (
0.77, 26.03) 0.103 NA

IP-10
ESAT-6 9.49 (2.68, 38.43) 4.82 (0.63, 18.40) 4.19 (1.13, 24.74) 0.888 NA
LPS 429.15 (121.25, 1496.97) 37.76 (13.07, 83.70) 32.37 (1.60, 95.00) 0.065 NA

TNF-�
ESAT-6 3.97 (0.72, 13.77) 5.47 (2.07, 11.34) 10.75 (6.97, 114.28) 0.072 NA
LPS 231.95 (78.85, 563.07) 57.04 (11.52, 1475.99) 25.02 (1.32, 418.69) 0.097 NA

IFN-�
ESAT-6 2.03 (
0.30, 2.71) 0.73 (
0.03, 1.84) 7.77 (4.38, 11.71) �0.001* H � P � T
LPS 3.59 (1.10, 9.89) 15.39 (4.03, 36.07) 0.00 (
4.52, 2.21) 0.018* T � P

a Percent change was calculated by the following formula: �(value detected after stimulation 
 value detected in saline)/(value detected in saline)	 � 100.
b Friedman’s test, adjusted for age, was used. �, significantly different among the three groups (P � 0.05).
c Friedman’s test, adjusted for age, was used. An adjusted � (�� � 0.05/3 � 0.017) was applied. P, pneumonia patients; T, tuberculosis patients; H, healthy individuals;

NA, not applicable.

TABLE 4. Accuracies and cutoff points of ROC curves for percent changes in cytokine levels

Parameter

Value for the cytokine by major outcome of ROC analysis (% �95% CI	)a

Tuberculosis Pneumonia

IFN-� IL-6 IL-8 IFN-� IL-12

AUC 90.4 (81.7, 99.2) 73.2 (60.6, 85.9) 68.5 (55.8, 81.2) 89.1 (81.7, 96.6) 85.2 (75.9, 95.2)
Cutoff point 3.59 140.38 97.35 3.59 2.08
Sensitivity 84.2 65.8 63.2 80.0 80.0
Specificity 83.3 33.7 63.3 81.6 78.9
PPV 86.5 71.5 68.6 77.4 75.0
NPV 80.6 60.6 57.6 83.8 83.3
Accuracy 83.8 66.2 63.2 80.9 79.4

a The major outcome refers to either TB or pneumonia as the real diagnostic disease.
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Several recent assays have been introduced that effectively
diagnose TB on the basis of the secretion of cytokines (e.g.,
IFN-�) after whole-blood samples are stimulated with M. tu-
berculosis-specific antigens, such as ESAT-6. When ESAT-6
was added to the whole-blood samples in our study, those from
the patients with TB secreted higher levels of IL-6, IL-8,
MCP-1, and (as expected) IFN-� than the stimulated samples
from healthy individuals.

The samples from the patients with pneumonia secreted
higher levels of MCP-1 than those from the healthy individuals
after stimulation with ESAT-6. However, no differences were
observed between the patients with TB and those with pneu-
monia under this condition, suggesting that the cytokine profile
after stimulation with ESAT-6 cannot differentiate TB from
pneumonia.

We performed a similar analysis of the cytokine profiles
after samples were stimulated with LPS, an antigen associated
frequently with pulmonary infections caused by nonmycobac-
teria. When LPS was added to the whole-blood samples, those
from the patients with TB showed higher levels of IL-8 and
MCP-1 than those from the healthy individuals, and those from
the patients with pneumonia showed higher levels of IL-8 than
those from the healthy control group. Furthermore, the sam-
ples from the patients with pneumonia showed higher levels of
IL-10 and IFN-� than those from the TB group after the LPS
stimulation. However, ROC analysis of the results for IL-10
and IFN-� suggested that the secreted level of neither cytokine
was adequate to distinguish patients with pneumonia from
those with TB.

Because the absolute levels of cytokines produced by the
blood samples before and after stimulation could be influenced
by variations in the number of immune cells in the samples, we
analyzed the percent change in the levels of cytokines between
the unstimulated and stimulated blood samples. We observed
that, after stimulation with ESAT-6, the percent changes in the
levels of IL-6, IL-8, IL-10, MCP-1, and IFN-� in the samples
from the patients with TB were significantly greater than those
in the samples from the healthy participants, and a higher
percent change in the level of MCP-1 was found in the blood
from the patients with pneumonia than in the samples from
healthy individuals. Importantly, the samples from the patients
with TB showed higher percent changes in IL-6, IL-8, and
IFN-� than those from the pneumonia group, suggesting that
IL-6, IL-8, and IFN-� were potential markers to differentiate
between TB and pneumonia. The ROC curves generated with
the percent change of IFN-� suggested that IFN-� was a good
biomarker to discriminate TB from pneumonia when whole
blood cells were stimulated by ESAT-6. In contrast, the ROC
analysis revealed that the percent change in levels of IL-6 and
IL-8 were not adequate discriminatory tools for TB.

After stimulation with LPS, there were no significant differ-
ences between the patients with TB and the healthy partici-
pants according to the percent changes in levels of any of the
cytokines except IL-12. The percent change in the levels of
IL-12 in patients with TB was lower than that in either of the
other groups. Under the same conditions, the percent changes
in levels of IL-8 and IL-10 in the patients with pneumonia were
significantly greater than those in the healthy participants.
Moreover, the percent changes in levels of IL-12 and IFN-� in
the samples from the patients with pneumonia were signifi-

cantly higher than those in the samples from patients with TB,
suggesting that IL-12 and IFN-� were potential markers to
differentiate between TB and pneumonia under this condition.
The ROC analysis of percent change in levels of IFN-� and
IL-12 suggested that both cytokines were good biomarkers to
discriminate pneumonia from TB when whole blood cells were
stimulated by LPS.

To our knowledge, this is the first study to evaluate the value
of cytokines produced in response to ESAT-6 and LPS to
differentiate TB from pneumonia. However, several other
studies have analyzed the expression of cytokines in patients
with TB, and our results for IL-10 and IL-8 are not in complete
agreement with some of these reports. Al-Attiyah and Mustafa
investigated the secretion of cytokines by peripheral blood
mononuclear cells from patients with TB (2). These authors
reported that the secretion of IL-6, but not IL-8, was enhanced
by stimulation with the antigens tested. We observed a similar
result for IL-6 after stimulation with ESAT-6. In contrast, we
did observe a significant difference in the secretion of IL-8 by
whole blood cells from patients with TB compared to healthy
individuals in the presence and absence of stimulation. Other
investigators have reported that the levels of IP-10 and IFN-�
in blood samples from patients with TB are significantly higher
than those in samples from healthy individuals both before and
after stimulation with ESAT-6 and that MCP-1 expression is
significantly higher in patients with TB after stimulation (3,
23). Our results for the levels of MCP-1 and IFN-� are in
agreement with these reports. However, we did not observe a
significant difference between the patients with TB and healthy
individuals in the levels of IP-10 either before or after stimu-
lation. Hughes et al. used intracellular cytokine cytometry to
evaluate the response of whole-blood samples to EAST-6 and
also found variability in the secretion of IL-10 (12). Not all
patients responded by secreting IL-10, and 2 of the 16 patients
with TB who secreted IL-10 did not secrete IFN-�. This vari-
ability may depend on whether the immune response mounted
by the patients was primarily of the Th2 or Th1 type.

Another interesting observation from our study was the el-
evated level of IFN-� produced by specimens from patients
with pneumonia before and after stimulation with ESAT-6
relative to the specimens from the healthy individuals. We
have not found reports in the literature that describe stimula-
tion of cytokines by ESAT-6 in patients with pneumonia, and
we do not have an explanation for this finding.

There were several limitations to this preliminary study.
First, specimens from patients with pneumonia were not in-
cluded in the original screen to identify biomarkers. Thus,
potential cytokine markers that could be used to identify pa-
tients with pneumonia may have been missed, and this list of
markers cannot be considered all-inclusive. We chose ESAT-6
and LPS as stimuli because they are antigens produced by M.
tuberculosis and Gram-negative bacteria, respectively, and we
hypothesized that they had the greatest likelihood of generat-
ing a specific response. However, they would be expected to
bind to and stimulate different types of blood cells, and the
current study did not determine whether the differences in
response to stimulation we observed were the result of differ-
ences in the production of cytokines or differences in the size
of the populations of responding cells. Finally, the number of
patients in the three groups was relatively small. Therefore, the
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performance of the markers we have identified must be con-
firmed in larger trials.

In summary, we found that when whole blood cells were
stimulated with ESAT-6, the percent change in IFN-� was a
suitable biomarker to differentiate patients with TB from those
with pneumonia. Similarly, the percent changes of IFN-� and
IL-12 appeared to be potential biomarkers for differentiating
patients with pneumonia from those with TB when whole
blood cells were stimulated with LPS. Our study demonstrates
that the use of ex vivo whole-blood cytokine profiling after
stimulation with ESAT-6 provides an alternative method to
detect TB in BCG-vaccinated populations. Therefore, the
technology used in this study may have the potential to be
developed as a platform for detecting latent TB infection as
well as for community or outbreak screening for TB in the
future.

ACKNOWLEDGMENTS

This work was supported by the Institute for Biotechnology and
Medicine Industry, Taipei, Taiwan, in 2007.

We have no conflicts of interest to disclose.

REFERENCES

1. Akarsu, S., A. N. Kurt, Y. Dogan, E. Yilmaz, A. Godekmerdan, and A. D.
Aygun. 2005. The differential diagnostic values of cytokine levels in pleural
effusions. Mediators Inflamm. 2005:2–8.

2. Al-Attiyah, R., and A. S. Mustafa. 2008. Characterization of human cellular
immune responses to novel Mycobacterium tuberculosis antigens encoded by
genomic regions absent in Mycobacterium bovis BCG. Infect. Immun. 76:
4190–4198.

3. Chegou, N. N., G. F. Black, M. Kidd, P. D. van Helden, and G. Walzl. 2009.
Host markers in Quantiferon supernatants differentiate active TB from la-
tent TB infection: preliminary report. BMC Pulm. Med. 9:21.

4. Conway Morris, A., K. Kefala, T. S. Wilkinson, O. L. Moncayo-Nieto, K.
Dhaliwal, L. Farrell, T. S. Walsh, S. J. Mackenzie, D. G. Swann, P. J.
Andrews, N. Anderson, J. R. Govan, I. F. Laurenson, H. Reid, D. J. David-
son, C. Haslett, J. M. Sallenave, and A. J. Simpson. 12 October 2009.
Diagnostic importance of pulmonary interleukin-1� and interleukin-8 in
ventilator-associated pneumonia. Thorax. doi:10.1136/thx/2009.122291.

5. Daly, C., and B. J. Rollins. 2003. Monocyte chemoattractant protein-1
(CCL2) in inflammatory disease and adaptive immunity therapeutic oppor-
tunities and controversies. Microcirulation 10:247–257.

6. Drosten, C., M. Panning, and S. Kramme. 2003. Detection of Mycobacterium
tuberculosis by real-time PCR using pan-mycobacterial primers and a pair of
fluorescence resonance energy transfer probes specific for the M. tuberculosis
complex. Clin. Chem. 49:1659–1661.

7. Ehlers, S. 1999. Immunity to tuberculosis: a delicate balance between pro-
tection and pathology. FEMS Immunol. Med. Microbiol. 23:149–158.

8. Fiorentino, D. F., A. Zlotnik, T. R. Mosmann, M. Howard, and A. O’Garra.
1991. IL-10 inhibits cytokine production by activated macrophages. J. Im-
munol. 147:3815–3822.

9. Fulton, S. A., J. V. Cross, Z. T. Toossi, and W. H. Boom. 1998. Regulation of
interleukin-12 by interleukin-10, transforming growth factor-beta, tumor ne-
crosis factor-alpha, and interferon-gamma in human monocytes infected
with Mycobacterium tuberculosis H37Ra. J. Infect. Dis. 178:1105–1114.

10. Hanna, B. A., A. Ebrahimzadeh, L. B. Elliott, M. A. Morgan, S. M. Novak,
S. Rusch-Gerdes, M. Acio, D. F. Dunbar, T. M. Holmes, C. H. Rexer, C.
Savthyakumar, and A. M. Vannier. 1999. Multicenter evaluation of the
BACTEC MGIT 960 system for recovery of mycobacteria. J. Clin. Microbiol.
37:748–752.

11. Huebner, R. E., M. F. Schein, and J. B. Bass, Jr. 1993. The tuberculin skin
test. Clin. Infect. Dis. 17:968–975.

12. Hughes, A. J., P. Hutchinson, T. Gooding, N. J. Freezer, S. R. Holdsworth,
and P. D. Johnson. 2005. Diagnosis of Mycobacterium tuberculosis infection
using ESAT-6 and intracellular cytokine cytometry. Clin. Exp. Immunol.
142:132–139.

13. Jiang, J., H. Z. Shi, Q. L. Liang, S. M. Qin, and X. J. Qin. 2007. Diagnostic
value of interferon-gamma in tuberculous pleurisy: a metaanalysis. Chest
131:1133–1141.

14. Juffermans, N. P., A. Verbon, S. J. van Deventer, H. van Deutekom, J. T.
Belisle, M. E. Ellis, P. Speelman, and T. van der Poll. 1999. Elevated
chemokine concentrations in sera of human immunodeficiency virus (HIV)-
seropositive and HIV-seronegative patients with tuberculosis: a possible role
for mycobacterial lipoarabinomannan. Infect. Immun. 67:4295–4297.

15. Keane, J. 2005. TNF-blocking agents and tuberculosis: new drugs illuminate
an old topic. Rheumatology 44:714–720.

16. Kindler, V., A. P. Sappino, G. E. Grau, P. F. Piguet, and P. Vassalli. 1989.
The inducing role of tumor necrosis factor in the development of bactericidal
granulomas during BCG infection. Cell 56:731–740.

17. Kobashi, Y., K. Mouri, S. Yagi, Y. Obase, M. Fukuda, N. Miyashita, and M.
Oka. 2008. Usefulness of the QuantiFERON RB-2G test for the differential
diagnosis of pulmonary tuberculosis. Intern. Med. 47:237–243.

18. Lalvani, A., and M. Pareek. 24 September 2009. Interferon gamma release
assays: principles and practice. Enferm. Infecc. Microbiol. Clin. doi:10.1016/
j.eimc.2009.05.012.

19. Mandell, L. A., R. G. Wunderink, A. Anzueto, J. G. Barglett, G. D. Campbell,
N. C. Dean, S. F. Dowell, T. M. File, Jr., D. M. Musher, M. S. Niederman,
A. Torres, and C. G. Whitney. 2007. Infectious Diseases Society of America/
American Thoracic Society consensus guidelines on the management of
community-acquired pneumonia in adults. Clin. Infect. Dis. 44(Suppl. 2):
S27–S72.

20. Ogawa, K., H. Koga, Y. Hirakata, K. Tomono, T. Tashiro, and S. Kohno.
1997. Differential diagnosis of tuberculous pleurisy by measurement of cy-
tokine concentrations in pleural effusion. Tuber. Lung. Dis. 78:29–34.

21. Proost, P., A. Wuyts, and J. Van Damme. 1996. Human monocyte chemo-
tactic proteins-2 and -3: structural and functional comparison with MCP-1.
J. Leukoc. Biol. 59:67–74.

22. Ribeiro-Rodrigues, R., Co. T. Resende, J. L. Johnson, F. Ribeiro, M. Palaci,
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