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Abstract: Objective: This study aims to investigate the diagnostic value of multiplex cytokine (CK) assay inosteoar-
ticular Tuberculosis (TB). Methods: A total of 144 patients with suspected osteoarticular TB during hospitalization 
from March 2014 to June 2015 were finally enrolled. CKs secreted by PBMCs were detected by using Milliplex 
human cytokine kits. The area under the receiver operating characteristic (ROC) curve was used to evaluated the 
performance of different CKs in diagnosis of osteoarticular TB. Results: The mean age of the patients was 56.6 
years, of which 47.2% patients (n=68) were male. 60.4% patients (n=87) were diagnosed as osteoarticular TB. IL-8, 
IL-15 and IP-10, showed statistical differences between the confirmed osteoarticular TB patients and not having 
osteoarticular TB patients (P<0.01). When compared with individual CK, IL-8 & IL-15 & IP-10 scores howed a bet-
ter performance of auROC, 0.97 (95% CI: 0.92-0.99), in ROC analysis. Conclusion: IL-8, IL-15 and IP-10 are useful 
biomarker for diagnosis of osteoarticular TB and incorporation of these biomarkers significantly improved the diag-
nostic accuracy in osteoarticular TB. 
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Introduction

Osteoarticular tuberculosis (TB) is observed in 
about 5% of all TB patients [1]. Among all 
patients with osteoarticular TB, spinal TB is 
most common, followed by joint TB and extra-
spinal TB [2]. As early diagnosis and proper 
treatment can reduce the rates of disability and 
functional impairment for osteoarticular TB, it 
is very important to make the right diagnosis 
and differentiate TB from bacterial, fungal, and 
neoplastic diseases of bones and joints [3, 4]. 
However, it still remains a challenge for diag-
nosing of osteoarticular TB because it is inva-
sive to obtain specimens of spine or joint and 
many clinical samples got from relatively inac-
cessible sites may bepaucibacillary, which 
would result in low sensitivity of current diag-
nostic tests [5-8].

By using the Mycobacterium tuberculosis (Mtb)-
specific T-cell interferon γ (INF γ) release assays 
(IGRAs), the sensitivity and specificity for diag-
nosis of TB had been improved a lot compared 
with the traditional tuberculin skin test (TST) [9, 

10]. What’s more, recent studies using Mtb-
specific antigens encoded by genes in the RD1 
region to stimulate peripheral blood mononu-
clear cells (PBMCs) demonstrated that measur-
ing multiplex cytokines other than INF γ like IL-2, 
IFN-a, IFN-b, IL-27, IL-17, IL-23, TNF-α and IL-1b 
could not only improve the diagnosis of pulmo-
nary TB, but also discriminate latent TB infec-
tion (LTBI) from active TB infection [11, 12]. 
However, it remains unknown whether this 
PBMCs immune-based assay have any clinical 
role in the diagnosis of osteoarticular TB. 
Therefore, we conduct this prospective, blind-
ed, observational study to exam the diagnostic 
usefulness of this PBMCs immune-based assay 
and further explore whether measuring multi-
plex cytokines could improve the sensitivity and 
specificity for diagnosis of osteoarticular TB.

Material and methods

Patients

The research was conducted in strict accor-
dance with the protocol approved by the Ethics 
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Committee of the Affiliated Guangxi Minzu 
Hospital of Guangxi Medical University. After 
obtaining written informed consent, 168 pa- 
tients with suspected osteoarticular TB were 
prospectively enrolled from March 2014 to 
June 2015. Medical records were reviewed and 
data were collected on age, sex, underlying dis-
eases, pathology and microbiological results, 
and follow-up observations. Diagnosis of osteo-
articular tuberculosis was clinically confirmed 
by clinical specimens positive for M. tuberculo-
sis on culture or by a PCR assay. Probable TB 
was diagnosed if they responded to anti-TB 
therapy and had radiographic findings consis-
tent with osteoarticular TB. Not having TB was 
diagnosed if another diagnosis was made or if 
there was clinical improvement without anti-TB 
therapy [13]. Individuals with malignant tumor, 
HIV infection or in-take immunosuppressive 
agents were excluded.

Purification of peripheral blood mononuclear 
cells from blood

Anti-coagulated peripheral blood was obtain- 
ed from each participant. Peripheral blood 
mononuclear cells (PBMCs) were isolated with 
density gradient centrifugation by using 
FicollePaque (GE Biosciences, USA). The 
PBMCs were washed twice with DMEM (GIBCO, 
New York, USA) supplemented with 2 mM 
L-glutamine, 10% heat inactivated human AB 
serum and 100 U/ml penicillin, 100 mg/
mlstreptomycin, and re-suspended in DMEM to 

hours, supernatants were harvested and stored 
at -80°C for further analysis.

Detection of CKs

Detection of IL-8, IL-15, IL-4, IL-6, IL-9, IL-12, 
IL-13, IL-14, IL-2R, sIL-2Ra, IP-10, MIP-1a, 
M-CSF, PF-4, ENA-78, PDGF, EGF, TNF-β1, TNF-
β2, BMP, IGF-1, NGF and OSM was performed 
in duplicate by using Milliplex human cytokine 
kits (Millipore Corp., Billerica, MA) according to 
the manufacturer’s instruction, with analyses 
conductedon a Luminex 200 analyzer (Luminex 
Corp., Austin, TX).

Statistical analysis

Continuous variables were summarized as 
mean ± standard deviation (SD), and categori-
cal variables were displayed as counts or per-
centages. Student-t test was used for continu-
ous variables and χ2-test for categorical 
variables.

To assess differences in diagnostic efficiency 
between the CKs, area under the receiver oper-
ating characteristic curve (auROC), which is a 
measure of discrimination, was calculated. 
Furthermore, the standard index of validity, 
such as Youden index, sensitivity, specificity 
was calculated according to the ROC results.

The value of P<0.05 was considered to be sta-
tistically significant.

Figure 1. A flow diagram of study participants.

a concentration of 2×106 

cells/ml. Then, about 4×105 
cells were added to 96 well 
tissue culture plate (Corning, 
New York, USA).

Antigen stimulation

PBMCs from each participant 
were stimulated with M. tu- 
berculosis ESAT-6 and CFP-10 
peptide pools composed of 
15-mers overlapping by 10 
amino acids [2]. The ESAT-6 
and CFP-10 peptides were 
HPLC purified (>80% purity) 
(SBS Genetech, Beijing, Ch- 
ina) and dissolved in phos-
phate-buffered saline with 5% 
dimethyl sulfoxide as a stock 
solution of 2 mg/ml. Following 
incubation at 37°C for 24 
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Results

Study population

A total of 158 patients with suspected osteoar-
ticular TB were prospectively enrolled from 
March 2014 to June 2015. Of these, 12 
patients (7.6%) were excluded owing to “incon-
clusive” final diagnoses. 10 patients (6.3%) 
with probable TB were also excluded from the 
final analysis. 1 patients (0.6%) excluded for 
HIV and 1 patients (0.6%) excluded for malig-
nant tumor (Figure 1). Of the 144 finally includ-
ed patients, 87 patients (60.4%) were classi-
fied as confirmed osteoarticular TB and 57 
patients (39.6%) were classified as not having 
osteoarticular TB (Table 1). The 87 patients 
with confirmed osteoarticular TB included 53 
(60.9%) with TB spondylitis, 16 (18.4%) with TB 
arthritis, 11 (12.6%) with prosthetic joint infec-
tion, and 7 (8.0%) with extra-spinal TB (2 femur 
TB, 5 pelvic TB). The baseline clinical character-
istics of the patients finally included in this 
study are shown in Table 1.

Detection of CKs by microbead-based assay

23CKs including IL-8, IL-15, IL-4, IL-6, IL-9, IL-12, 
IL-13, IL-14, IL-2R, sIL-2Ra, IP-10, MIP-1a, 

M-CSF, PF-4, ENA-78, PDGF, EGF, TNF-β1, TNF-
β2, BMP, IGF-1, NGF and OSM were detected by 
using culture supernatant of PBMCs after stim-
ulation with ESAT-6 and CFP-10 peptides pool. 
Three cytokines, IL-8, IL-15 and IP-10, showed 
statistical differences between the confirmed 
osteoarticular TB and not having osteoarticular 
TB (Table 2).

ROC analysis of CKs for diagnosis of osteoar-
ticular TB

IL-8, IL-15 and IP-10 were selected for further 
analysis. The diagnostic performance of IL-8, 
IL-15 and IP-10 were analyzed by ROC analysis 
and the cut-off values were determined based 
on maximum Youden’s index. The auROC of 
IL-8, IL-15 and IP-10was 0.87 (95% CI: 0.80-
0.92), 0.87 (95% CI: 0.80-0.92), 0.91 (95% CI: 
0.86-0.96) respectively (Figure 2). When using 
a best cut-off value of 2.95 for IL-8, the sensi-
tivity was 87.4%, the specificity was 75.4%; a 
cut-off value of 3.68 for IL-15, the sensitivity 
was 65.5%, the specificity was 98.3%; a cut-off 
value of 8765.7 for IP-10, the sensitivity was 
82.7%, the specificity was 96.5%. The diagnos-
tic performance of these three CKs had no sta-
tistically difference (Table 3).

Table 1. Baseline characteristics of patients 
Total Non-TB (n=57) Definite TB (n=87) P-value

Male 68 (47.2%) 28 (49.1%) 40 (46%) 0.712
Age 56.6±6.8 59.9±6.2 53.9±8.6 <0.001
History of:
    Diabetes 22 (15.3%) 14 (24.6%) 8 (9.2%) 0.012
    Transplantation 4 (2.8%) 3 (5.3%) 1 (1.1%) 0.142
    Liver cirrhosis 4 (2.8%) 1 (1.8%) 3 (3.4%) 0.545
    Chronic renal failure 2 (1.4%) 0 2 (2.3%) 0.249
    Rheumatologic disease 2 (1.4%) 0 2 (2.3%) 0.249
    No underlying illness 112 (77.8%) 39 (68.4%) 73 (83.8%) 0.029
History of TB 73 (50.7%) 21 (36.8%) 52 (59.8%) 0.007
Old TB lesion on chest radiograph 26 (18.1%) 3 (5.3%) 18 (20.7%) 0.01
Suspected sites of infection 
    Spine 74 (51.4%) 21 (36.9%) 53 (60.9%) 0.005
    Joint 35 (24.3%) 19 (33.3%) 16 (18.4%) 0.041
    Prosthetic joint 16 (11.1%) 5 (8.8%) 11 (12.6%) 0.470
    Femur 4 (2.8%) 2 (3.5%) 2 (2.3%) 0.666
    Tibia 2 (1.4%) 2 (3.5%) 0 0.079
    Pelvis 5 (3.5%) 0 5 (5.7%) 0.065
Combined pulmonary TB 13 (9.0%) 2 (3.5%) 11 (12.6%) 0.061
Note: TB: tuberculosis.
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Improved diagnostic performance of combined 
detection of IL-8, IL-15 and IP-10 for diagnosis 
of osteoarticular TB

Then, we combinedIL-8, IL-15 and IP-10 to make 
an IL-8 & IL-15 & IP-10 score (IL-8 & IL-15 & 
IP-10 score =-11.6945+1.151* IL-8+1.194* 
IL-15+0.00058*IP-10), of which the coeffi-
cients were calculated by the multivariate logis-
tic regression with just IL-8, IL-15 and IP-10 
included. The score had an auROC of 0.97 (95% 
CI: 0.92-0.99), significantly higher than that of 
individual IL-8 (P<0.001) or IL-15 (P<0.001) or 
IP-10 (P<0.001) along (Figure 3). When we had 
a cut-off value of 0.435 for this score, the sen-
sitivity was 89.7%, the specificity was 91.2% 
(Table 3). These results demonstrated that 
combined detection of IL-8, IL-15 and IP-10 
resulted in significantly improved diagnostic 
sensitivity and specificity for detection of osteo-
articular TB, as compared with individual CK.

Discussion

As clinicalor radiographic findings are often 
inconclusive, accurate diagnosis of osteoartic-

TB prevalence and widespread BCG vaccina-
tion like China [22].

IGRAs have been showed as a promising test 
for the diagnosis of TB infection, and have 
already been used to assist diagnosis of active 
TB by measuring multiplex cytokines secreted 
by PBMCs other than INFγ [23, 24]. We hypoth-
esize that this PBMCs immune-based assay 
might also have diagnostic value for osteoar-
ticular TB and multiplex biomarker detection 
might improve diagnostic accuracy than singly 
using one cytokine. In this study, 23 kinds of 
cytokines secreted by PBMCs from 87 osteoar-
ticular TB patients and 57 noneosteoarticular 
TB patients were measured. We found that IL-8, 
IL-15 and IP-10 differed significantly between 
individuals infected with osteoarticular TB and 
those with no evidence of TB infection. These 
data indicated the potential diagnostic role of 
IL-8, IL-15 and IP-10 for osteoarticular TB and 
prompted us to further focus on these three 
CKs in the following study. We demonstrated 
the high diagnostic value of IL-8, IL-15 and IP-10 
with ROC analysis. What’s more, our results 

Table 2. The expression of 23 kinds of CKs in the two group 
(x±s, pg/ml)

Non-TB (n=57) Definite TB (n=87) F P
IL-8 2.62±0.69 3.93±1.17 56.05 <0.001
IL-15 2.28±1.09 4.37±1.70 138.02 <0.001
IP-10 5990.12±1502.11 10793.53±3121.60 74.35 <0.001
IL-2R 122.83±24.96 141.73±33.87 3.41 0.441
sIL-2Ra 25.53±5.41 32.62±15.04 1.45 0.701
MIP-1a 1006.38±268.13 1252.46±369.32 1.845 0.643
IL-4 345.23±23.45 363.91±49.53 4.21 0.4223
IL-6 37.43±5.35 41.32±8.43 3.44 0.5103
IL-9 2.43±0.43 3.21±0.33 2.67 0.5511
IL-12 123.52±10.43 142.65±16.22 1.93 0.5911
IL-13 24.72±2.98 19.43±3.44 5.92 0.1329
IL-14 8.34±0.52 10.34±0.44 3.23 0.5317
M-CSF 0.92±0.02 1.03±0.03 2.09 0.5821
PF-4 435.46±23.24 452.33±33.78 5.89 0.1109
ENA-78 83.74±8.27 82.98±6.45 6.32 0.1081
PDGF 91.32±4.27 95.34±6.74 1.45 0.6412
EGF 35.53±2.46 41.43±3.84 2.53 0.6017
TNF-β1 5.32±0.02 4.99±0.04 1.55 0.6218
TNF-β2 6.87±0.06 7.88±0.07 4.99 0.2145
BMP 122.54±10.75 133.54±12.44 3.42 0.5243
IGF-1 453.76±69.23 542.88±55.89 4.78 0.3992
NGF 4.91±0.43 5.12±0.66 2.33 0.5263
OSM 12.24±0.99 14.22±1.01 4.11 0.4017

ular TB is difficult for orthope- 
dist [14, 15]. Besides, the clinical 
value of conventional tests for the 
diagnosis of osteoarticular TB is 
limited because the clinical sam-
ples obtained may not contain 
bacilli [16]. In addition, the cul- 
tures of mycobacterial at least  
take several weeks, which often 
result in delaying diagnosis and the 
initiation of therapy [17-19]. In 
order to improve the sensitivity  
and specificity for rapid diagnosis 
of osteoarticular TB, several new 
tests had been developed these 
years like nucleicacid amplifica- 
tion tests and TST [20]. Nucleica- 
cid amplification tests have sh- 
own sensitivities ranging from  
57% to 83% for the diagnosis of 
osteoarticular TB, but, their role  
in this clinical setting has not  
been fully defined [2, 4, 21]. In 
immunocompetent patients with 
osteoarticular TB, TST showed hi- 
gh positivity which almost reach- 
ed 90%. However, in immunosup-
pressed patients, this test is mu- 
ch less sensitive. Soit has little 
practical value in regions of high 
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showed that high levels of diagnostic accuracy 
can be achieved by combining these three 
biomarkers.

In agreement with our findings, the diagnostic 
potential of IL-8, IL-15 and IP-10 has previously 
been highlighted in a number of studies in the 
field of pulmonary TB. Wang et al. revealed that 

patients with TB and cancer comorbidity pro-
duced higher levels of the TB-specific IP-10 
release compared to normal control and as a 
novel biomarker for TB in China, IP-10 showed 
high sensitivity and specificity [25]. In addition, 
Wergel and et al. demonstrated that IP-10 dis-
tinguished active TB from LTBI with high accu-
racy and they suggested that plasma IP-10 
might serve as a diagnostic biomarker for dis-
criminating the stages of TB infection and mon-
itoring therapy efficacy [26]. Besides, Djoba et 
al. suggested IL-8 and IL-15 as potential indica-
tors of anti-tuberculosis treatment response 
[27], and Du et al. showed the value of IL-8 for 
distinguish active TB from LTBI [28]. 

Combination of CKs multiplex detection had 
better diagnostic performance than individual 
CK assay have already been proved by a lot of 
studies. Wang et al. demonstrated that combi-
nation of IFNγ, IP-10, MIG had higher diagnostic 
value than single cytokine/chemokine assays 
and could beclinically useful for the diagnosis 
of active pulmonary TB [17]. Our results also 
showed that combination detection and analyz-
ing of IL-8, IL-15 and IP-10 significantly improved 
the diagnostic accuracy in osteoarticular TB 
than detection individual CK. With the quick 

Figure 2. ROC analysis of IL-8, IL-15 and IP-10 on diagnosis of osteoarticular TB. A: ROC analysis of IL-15 on diag-
nosis of osteoarticular TB. B: ROC analysis of IL-8 on diagnosis of osteoarticular TB. C: ROC analysis of IP-10 on 
diagnosis of osteoarticular TB.

Table 3. ROC analysis of CKs and combined detection of CKs on the diagnosis of osteoarticular TB
Values auROC 95% CI P* Youden Cut-off Sensitivity Specificity
IL-8 0.87 0.80-0.92 <0.001 0.63 2.95 87.4% 75.4%
IL-15 0.87 0.80-0.92 <0.001 0.64 3.68 65.5% 98.3%
IP-10 0.91 0.86-0.96 <0.001 0.79 8765.67 82.9% 96.5%
IL-8 & IL-15 & IP-10 0.97 0.92-0.99 <0.001 0.81 0.44 89.7 91.2
Note: Value of (IL-8 & IL-15 & IP-10)=-11.6945+1.151* IL-8+1.194* IL-15+0.00058*IP-10.

Figure 3. ROC analysis of IL-8 & IL-15 & IP-10 score 
on diagnosis of osteoarticular TB.
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development of technology and equipment, it’s 
not difficult to detect several different soluble 
proteins simultaneously from the same sample 
by using multiplexmicrobead-based assay. So, 
detecting multiplex cytokine would be a promis-
ing test for the diagnosis of TB.

In conclusion, our study showed that a number 
of TB-specific cytokine responses, includin-
gIL-8, IL-15 and IP-10 were potential biomark-
ers for the diagnosis of osteoarticular TB. In 
addition, incorporation of these biomarkers sig-
nificantly improved the diagnostic accuracy in 
osteoarticular TB. It was a rapid, sensitive and 
specific diagnostic test for osteoarticular TB. 

This study has certain important limitation. The 
sample size of participants was small and all 
patients were from a single-center cohort. 
These limited the power to conduct subgroup 
analyses by race, age, stage of TB or other 
factors. 
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