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Potential diagnostic value of 
serum/pleural fluid IL-31 levels for 
tuberculous pleural effusion
Yan Gao1, Qinfang Ou2, Jing Wu1, Bingyan Zhang1, Lei Shen1, Shaolong Chen1, Xinhua Weng1, 
Ying Zhang1,3, Wenhong Zhang1,4 & Lingyun Shao1

The aim of this study was to explore the diagnostic value of IL-31 levels in the pleural fluid and 
plasma to differentially diagnose tuberculous and malignant pleural effusion. We enrolled 91 cases, 
including tuberculous pleural effusion (TPE, n = 50), malignant pleural effusion (MPE, n = 41), other 
cases including pneumonia with pleural fluid, pulmonary tuberculosis and healthy people as controls. 
Whole blood was stimulated with the M. tuberculosis–specific antigens and plasma was collected. The 
multiplex bead-based cytokine immunoassay was employed to measure the levels of various cytokines. 
IL-31 was found to be the most prominent cytokine (P < 0.0001), and with an optimal cut-off value of 
67.5 pg/mL, the sensitivity and specificity for the diagnosis of TPE were 86% and 100%, respectively. 
Furthermore, the tuberculosis-specific IL-31 levels in the plasma of TPE patients were higher than that 
of MPE patients (P = 0.0002). At an optimal cut-off value of 23.9 pg/mL, the sensitivity and specificity 
for the diagnosis of TPE were 92.9% and 85.7%, respectively. Ultimately, the combination of pleural 
fluid with the plasma tuberculosis-specific IL-31 levels improved the sensitivity and specificity to 94.0% 
and 95.1%, respectively. Thus, we identified a novel biomarker for the diagnosis of TPE for clinical 
application.

Pleural effusion is caused by a variety of diseases, including pulmonary infections, pleural tumour metastasis and 
tuberculous pleurisy1,2, and the latter two diseases remain difficult to differentiate in clinical practice. The aetio-
logical diagnosis of pleural effusion is extremely important for the treatment and prognosis of patients. Therefore, 
highly sensitive and specific biomarkers that are convenient and applicable for the differential diagnosis of pleural 
effusions are urgently needed.

Interleukin (IL)-31 is a cytokine that was recently identified by Dillon and colleagues3. IL-31 has been con-
firmed to be involved in the pathogenesis of inflammatory diseases such as atopic dermatitis, itching, alope-
cia, inflammatory bowel disease, airway hypersensitivity and hepatitis B related liver failure4–8. Tuberculous 
pleurisy is the most common extrapulmonary tuberculosis clinically9. The main mechanism of this disease is a 
delayed-type hypersensitivity response, which increases the vascular permeability of the pleura and results in the 
accumulation of proteins and specific lymphocytes in the pleural chamber10–12. Thus, we speculated that IL-31 
may play a role in the production of pleural effusion. In this study, we measured the levels of Mycobacterium 
tuberculosis (M.tb)-specific IL-31 in the pleural fluid and the plasma. The results showed that IL-31 is a highly 
sensitive and specific biomarker for the diagnosis of tuberculous pleurisy and could readily differentiate it from 
malignant pleural effusion.

Results
Clinical characteristics of enrolled participants.  Based on the final diagnosis, 134 enrolled participants 
were divided into five groups: the tuberculous pleural effusion (TPE) group (n =  50), which consisted of patients 
with a confirmed or probable diagnosis of tuberculous pleurisy; the malignant pleural effusion (MPE) group 
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(n =  41), which consisted of patients with a diagnosis of malignant diseases; the pneumonia with pleural fluid 
group (n =  11); the pulmonary tuberculosis (PTB) group (n =  15); and the healthy control (HC) group (n =  17). 
The TPE group (Table 1) consisted of patients whose pleural fluid was confirmed to be culture-positive for M.tb 
(n =  5) and/or patients who were histologically confirmed by pleural biopsy under thoracoscope to suffer from 
tuberculosis (n =  17). Patients with probable tuberculous pleurisy (n =  30) were sputum culture-positive for M.tb 
(n =  13) and/or positively responded to anti-tuberculosis medications without other possible causes of pleural 
effusion (n =  30). The mean age of the enrolled patients was 47.6 (12–84) years old, and 37 out of 50 (74.0%) 
patients were male.

In the MPE group (Table 1), all cases were histologically confirmed by cytology or pathology, including 35 
cases of primary lung cancer, 3 cases of liver cancer with pleural metastasis, 1 case of pleural mesothelioma, 1 case 
of pleural metastasis from a carcinoma of unknown origin and 1 case of lymphoma. The mean age of the patients 
was 67.4 (39–91) years old, and 30 out of 41 (73.2%) patients were male.

The pneumonia with pleural fluid group (Table 1) included 10 cases of community-acquired pneumonia 
(CAP) and 1 case of chronic obstructive pulmonary disease with infection. This group consisted of 9 males and 2 
females. The mean age of the patients was 55.8 (29–90) years old.

In the PTB group (Table 1), all patients were free of pleural fluid, and their sputum was confirmed to be 
culture-positive for M.tb. Furthermore, the patients were either treatment naïve or treated with anti-tuberculosis 
medication for less than 1 week. This group consisted of 10 males and 5 females. The mean age of the patients was 
48.7 (16–78) years old.

In the HC group (Table 1), 17 individuals were interferon-γ  release assay (IGRA)-negative and exhibited no 
evidence of active tuberculosis. This group included 7 males and 10 females, and the mean age of the patients was 
38.9 (25–69) years old.

All enrolled participants were HIV-negative, had not been diagnosed with cancer, diabetes, autoim-
mune diseases or other chronic infections (i.e., chronic HBV/HCV infection) and had not received any 
immune-modulating treatments.

Cytokine levels in tuberculous and malignant pleural fluid.  The levels of IL-25, IL-23, IL-17A, IL-1β , 
IL-4, IL-33, IL-21, CD40L, TNF-α , IL-17F, IL-31, IFN-γ , IL-10, and IL-6 were detected in the pleural fluid. We 
found that the IL-21, CD40L, TNF-α , IL-17F, IL-31, IFN-γ , IL-10, IL-6 levels in the TPE group were higher than 
the respective levels in the MPE group (Fig. 1). The receiver operating curve (ROC) assay indicated that the areas 
under the curve (AUCs) of the above 8 cytokines were 0.864, 0.921, 0.938, 0.902, 0.960, 0.978, 0.830 and 0.793, 
respectively (Fig. 1).

IL-31 levels in tuberculous and malignant pleural fluid and the value of these levels in the dif-
ferential diagnosis of pleural effusion.  The median IL-31 levels in the TPE group was 529 4pg/mL  
(25–75% percentile, 129.5–1339.0 pg/mL), which was dramatically higher than that in the MPE group (13.8 pg/
mL; 25–75% percentile, 7.8–25.7 pg/mL) (P <  0.0001) (Fig. 2A), and this levels was associated with a high AUC 
value of 0.96 (Fig. 2B). To elucidate the influence of age on this difference in IL-31 expression, we further analysed 
the correlation between age and IL-31 levels. However, age was not correlated with the IL-31 levels in neither the 
TPE group (P =  0.11; R2 =  0.05; Fig. 2C) nor the MPE group (P =  0.17; R2 =  0.06; Fig. 2D).

We further determined the optimal IL-31 cut-off value of 67.5 pg/mL in the pleural fluid by ROC curve. With 
this cut-off value, the sensitivity and specificity for the diagnosis of TPE were 86.0% (95% CI: 73.3–94.2%) and 
100% (95% CI: 91.4–100.0%), respectively, whereas the sensitivity and specificity for the diagnosis of MPE were 
100.0% (95% CI: 91.4–100.0%) and 86.0% (95% CI: 73.3–94.2%), respectively (Table 2). Thus, the diagnostic 
accuracy of the IL-31 levels in pleural effusion was 92.3% (84/91).

The whole blood IL-31 release assay in response to M.tb-specific antigens of TPE and MPE.  To 
further improve the diagnostic power of IL-31 for the differential diagnosis of TPE and MPE, we employed the 

Total TPE MPE Pneumonia PTB HC P value

n 134 50 41 11 15 17 –

Male/Female 93/41 37/13 30/11 9/2 10/5 7/10 0.09

Age, mean (range) 53.2 (12–91) 47.6 (12–84) 64.7 (39–91) 55.8 (29–90) 48.7 (16–78) 38.9 (25–69) < 0.0001

BCG vaccination history, n (%) 83 (61.9) 40 (80.0) 15 (36.6) 6 (54.5) 11 (73.3) 11 (64.7) < 0.0001

Previous TB treatment, n (%) 24 (17.9) 12 (24.0) 0 0 12 (80.0) 0 0.0001

History of exposure to active TB, n (%) 12 (9.0) 6 (12.0) 2 (4.9) 0 (0) 4 (26.7) 0 1.0

Sputum AFB smears or culture positive, n (%) 28 (20.9) 13 (26.0) 0 0 (0) 15 (100) 0 –

M. tb detection in pleural effusion

AFB smears positive, n (%) 2 (1.5) 2 (4.0) 0 – – – –

Culture-positive, n (%) 5 (3.7) 5 (10.0) 0 – – – –

Confirmed TB by pleural biopsy, n (%) 16 (11.9) 16 (32.0) – – – – –

Table 1.  The demographic and clinical characteristics of study participants. TPE: Tuberculous pleural 
effusion, MPE: Malignant pleural effusion; PTB: Pulmonary tuberculosis; HC: Healthy control; TB: 
tuberculosis; BCG: bacillus Calmette-Guerin; AFB: acid fast bacilli.
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whole blood IL-31 release assay to compare the antigen-specific IL-31 levels in the two groups. In this study, we 
recruited patients with pneumonia with pleural fluid, patients with active pulmonary tuberculosis (PTB) and 
healthy individuals, which served as controls. Without antigen stimulation, the median IL-31 levels in the plasma 
of the TPE and MPE groups did not differ significantly (24.9 vs. 9.1 pg/mL, P =  0.186), and those in TPE, PTB and 
HC groups were not significantly different (P >  0.05) (Fig. 3). Only in the pneumonia with pleural fluid group, 
the IL-31 levels of the plasma were higher than those in the TPE group (P =  0.047), while the IL-31 levels in this 
group did not increase by antigen stimulation compared to that without stimulation (P =  0.34) which could be 
used for differentiation (Fig. 3). Interestingly, the M.tb-specific antigen-stimulated IL-31 levels of the plasma in 
the TPE group were higher than those in the other four groups. Specifically, the M.tb-specific antigen-stimulated 
levels of IL-31 of the plasma in the TPE group was higher than that in the MPE group, i.e., 200.3 pg/mL (25–75% 
percentile: 74.7–611.0 pg/mL) and 29.3 pg/mL (25–75% percentile: 23.7–52 7pg/mL), respectively (P =  0.002) 
(Fig. 3). We calculated the antigen-specific IL-31 levels by subtracting the value of the un-stimulated control 
from the stimulated value, which yielded median values of 176.1 pg/mL (25–75% percentile, 50.6–466.5 pg/mL) 
and 16.7 pg/mL (25–75% percentile: 6.5–19.1 pg/mL) for TPE and MPE, respectively (P =  0.0002) (Fig. 4A). The 
IL-31 levels did not significantly differ among the pneumonia with pleural fluid, active pulmonary tuberculosis 
(PTB) and healthy control groups. The ROC analysis of the M.tb-specific IL-31 levels in the TPE and MPE two 
groups yielded an AUC of 0.94 (Fig. 4B) and an optimal cut-off value of 23.9 pg/mL. Using this cut-off value, the 
sensitivity and specificity for the differential diagnosis of TPE and MPE were of 92.9% (95% CI: 76.5–99.1%) and 
85.7% (95% CI: 57.2–98.2%), respectively.

The combination of IL-31 levels in the pleural fluid with the M.tb specific whole blood IL-31 
release assay for the diagnosis of tuberculous pleurisy.  Because both the IL-31 levels in the pleural 
fluid and M.tb specific whole blood IL-31 release assay were highly sensitive and specific for the diagnosis of 
tuberculous pleurisy, we sought to combine these assays to improve the diagnostic power of IL-31 measurement 

Figure 1.  Heat map of cytokine expressions in the tuberculous and malignant pleural fluid. The IL-25,  
IL-23, IL-17A, IL-1β , IL-4, IL-33, IL-21, CD40L, TNF-α , IL-17F, IL-31, IFN-γ , IL-10, and IL-6 levels in pleural 
fluid were measured with a multiplexed bead-based cytokine immunoassay. The heat map above the yellow line 
is the TPE group, and the heat map under the yellow line is the MPE group. TPE: Tuberculous pleural effusion; 
MPE: Malignant pleural effusion; AUC: area under the curve.
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for clinical use. Because the optimal cut-off IL-31 levels in the pleural fluid was 67.5 pg/mL, the test was consid-
ered positive for IL-31 levels ≥  67.5 pg/mL. According to this criterion, 43 and 7 cases in the TPE group (n =  50) 
were positive and negative, respectively, but all 41 cases in the MPE group were negative. We then used the 
optimal cut-off value of 23.9 pg/mL for the M.tb-specific whole blood IL-31 release assay to define a threshold of 
positivity for the pleural fluid. Specifically, a concentration ≥ 23.9 pg/mL was considered positive. Thus, 4 out of 
the 7 TPE cases which were negative based on detection of IL-31 in the pleural fluid were now positive by whole 
blood IL-31 release assay. This practice of combining the two tests increased the sensitivity and specificity for the 
diagnosis of TPE to 94.0% and 95.1%, respectively (Fig. 5 and Table 3).

Discussion
Dozens of biochemical markers in the pleural fluid are currently being investigated and/or are utilized in the 
clinic, such as carcinoembryonic antigen (CEA), adenosine deaminase (ADA), interferon-γ  (IFN-γ ), C-reactive 

Figure 2.  IL-31 levels in the pleural fluid of patients with TPE and MPE. (A) The IL-31 levels in the pleural 
fluid were higher in patients with TPE than in patients with MPE. The short transverse line represents the 
median of different groups. (B) The receiver operating curve (ROC) analysis of IL-31 in the pleural fluid of 
TPE versus MPE patients. The area under the ROC (AUC) was 0.96. (C) Age was not correlated with the IL-31 
levels in the TPE group (P =  0.11; R2 =  0.05). (D) Age was not correlated with the IL-31 levels in the MPE group 
(P =  0.17; R2 =  0.06). TPE: Tuberculous pleural effusion; MPE: Malignant pleural effusion.

IL-31 ≥ 67.5 pg/mL IL-31 < 67.5 pg/mL Sensitivity Specificity

TPE (n =  50) 43 7 86.0% 100.0%

MPE (n =  41) 0 41 100.0% 86.0%

Table 2.   The diagnostic power of IL-31 of pleural fluid in tuberculous and malignant pleural effusion. TPE: 
Tuberculous pleural effusion, MPE: Malignant pleural effusion.
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protein (CRP), and lactate dehydrogenase (LDH) for identifying the nature of pleural effusions2,9,11,13–22. For pleu-
ral fluid ADA levels > 40 U/mL, the sensitivity and specificity for the diagnosis of tuberculous pleurisy were  
80.3–100% and 60–100%, respectively17. In the study by Porcel and colleagues, of 2104 cases with pleural effusion, 
the sensitivity and specificity of ADA levels > 35 U/mL for the diagnosis of TPE were 93% and 90%, respectively23. 
In addition, numerous studies have shown that the IFN-γ  levels were elevated in TPE. A meta-analysis of 22 
studies revealed that the mean sensitivity and specificity of this marker to diagnose TPE were 89.0% and 97.0%, 
respectively24. In the differential diagnosis of pleural effusion, the specificity of CEA for the diagnosis of malig-
nant pleural effusion was 100.0%, but the sensitivity was less than 30.0%25. Due to the low sensitivity and/or spec-
ificity and high variability of the markers mentioned above in the diagnosis of TPE, their clinical applications are 
limited. In this study, we found that the IL-31 levels in the pleural fluid of TPE patients were significantly higher 
than those in the pleural fluid of MPE, demonstrating the high diagnostic value of this cytokine.

Interleukin-31 (IL-31) is a recently discovered member of the IL-6 cytokine family. Its receptor heterod-
imer consists of a unique gp130-like receptor chain, IL-31RA, and the OSM receptor (OSMR)3,4. IL-31RA is 

Figure 3.  The tuberculosis antigen-stimulated (A) and un-stimulated (N) plasma IL-31 levels in the TPE, MPE, 
pneumonia with pleural fluid, PTB and HC groups. The bars represent the SEM. TPE: Tuberculous pleural 
effusion; MPE: Malignant pleural effusion; PTB: pulmonary tuberculosis patients; HC: health control; SEM: 
standard error of the mean.

Figure 4.  Tuberculosis-specific IL-31 levels in the plasma of patients with TPE and MPE. (A) The M.tb-
specific IL-31 levels in the plasma of patients with TPE were higher than that in patients with MPE. The 
tuberculosis-specific IL-31 levels in the plasma were determined by subtracting the un-stimulated levels from 
the antigen-stimulated levels. (B) The receiver operating curve (ROC) analysis of the tuberculosis-specific IL-31 
levels of TPE vs. MPE patients. The areas under the ROC (AUCs) were 0.94.TPE: Tuberculous pleural effusion; 
MPE: Malignant pleural effusion.
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expressed in myeloid monocytes, skin, lung and the epithelial cells, which can lead to the activation of CD4+  
and CD8+  T cells26–30. CD4+  T-cells, particularly activated Th2 cells in the peripheral blood and skin-homing 
CD45RO CLA+  T-cells have been found to represent a major cellular source of IL-3131. However, the biologi-
cal function of IL-31 is not entirely clear. Preliminary studies have indicated that IL-31 may negatively regulate 
CD4+  Th2 cytokine secretion26,32. Moreover, recent studies have examined mouse models and humans and found 
that IL- 31 participates in itching, alopecia, skin damage, atopic airway hypersensitivity and hepatitis B-related 
liver failure8,30,33,34. Nevertheless, the role of IL-31 in tuberculosis is rarely studied. Thus, we especially enrolled 
HIV-negative participants in this study and employed M.tb specific antigen stimulation to minimize the effect of 
number of immune cells in the blood on IL-31 detection.

This difference in expression of IL-31 among TPE and MPE groups may be a reflection of their differences in 
disease pathogenesis. The main mechanism of TPE is a delayed-type hypersensitivity reaction. The consequent 
inflammatory process increases the pleural vascular permeability to accumulate proteins and specific lympho-
cytes in the pleural fluid accumulation chamber35. During this process, a variety of T cell subsets participate 
in the tuberculous pleurisy immune response, including Th1, Th2, Th9, Th17, and Th22, which secrete IFN-γ , 
IL-2, IL-4, IL-6, IL-10, IL-17, IL-22, IL-27 and other cytokines14,21,36,37. A previous study found that the number 
of M.tb-specific CD3+  CD4+  T cells in the peripheral blood was much higher in TPE patients than in MPE 
patients38. Furthermore, we analysed the correlation between the IL-31 levels and age in the two groups, but 
did not identify a correlation in either of the groups. Thus, the combination of the pleural fluid and whole blood 
assays may improve the diagnostic power of tuberculous pleurisy38.

In our study, without antigen stimulation, the plasma IL-31 levels was significantly higher in pneumonia 
patients with pleural fluid than in the TPE group (P =  0.047), but these levels did not differ between the TPE 
group and the other three groups including MPE, PTB and HC. To avoid the nonspecific secretion of IL-31 in 
other inflammatory diseases, we employed M.tb specific antigen as whole blood stimulator and found that the 
IL-31 levels in pneumonia patients did not increase by antigen stimulation compared with that without stimula-
tion which could be used for differentiation. Specifically, the antigen-specific IL-31 levels were significantly higher 
in the TPE group than in the MPE group and the other three groups. Furthermore, the combination of the IL-31 
levels in the pleural fluid and the M.tb specific whole blood IL-31 release assay was highly specific for the diagno-
sis of tuberculous pleurisy. The sensitivity and specificity for the diagnosis of TPE were improved to 94.0%, and 

Figure 5.  The diagnostic value of the IL-31 levels in the pleural fluid and plasma for tuberculous pleurisy. 
First, the result of the test was considered positive if the concentration of IL-31 in pleural fluid ≥ 67.5 pg/mL. 
Thus, 48 patients were judged to be negative. Second, these 48 patients were considered to be positive if the 
concentration of antigen-specific IL-31 in the plasma ≥ 23.9 pg/mL. Thus, 6 cases were judged to be positive. 
The sensitivity and specificity of the combination of the pleural fluid and plasma IL-31 levels were 94.0% and 
95.1%, respectively.TPE: Tuberculous pleural effusion; MPE: Malignant pleural effusion.

TPE MPE Sensitivity Specificity

Pleural fluid IL-31 ≥ 67.5 pg/mL 86.0% (43/50) 0% (0/41) 86.0% 100.0%

Combined with the plasma 
M.tb-specific IL-31 ≥ 23.9 pg/mL 94.0% (47/50) 4.9% (2/41) 94.0% 95.1%

Table 3.   The diagnostic power of the IL-31 levels in the pleural fluid combined with the M.tb-specific 
whole blood IL-31 release assay. TPE: Tuberculous pleural effusion; MPE: Malignant pleural effusion.
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95.1%, respectively. Therefore, the IL-31 levels in the pleural fluid and the M.tb specific IL-31 in the whole blood 
constitute a useful biomarker set for the diagnosis of tuberculous pleurisy.

The reason why plasma IL-31 levels were not increased by M.tb specific antigen stimulation in PTB group 
but were so in TPE group (Figs 3 and 4) is unclear. This might be due to secondary suppression of effector T cell 
response in PTB patients, as a result of a higher antigenic load in PTB than TPE. Consistent with this possibility, 
our recent study has demonstrated that CD4+  and CD8+  effector T cell responses in the peripheral blood of PTB 
patients were dramatically decreased compared with latent tuberculosis infection individuals39. Future studies 
that look at Tregs and TGF-β  and IL-10 levels in PTB and TPE patients are needed to address the possibility of 
higher immune suppression as a potential mechanism for the lack of IL-31 production in response to antigen 
stimulation in PTB patients.

In conclusion, we identified IL-31 to be a novel biomarker for the diagnosis of TPE. The combination of the 
pleural fluid IL-31 levels with the plasma tuberculosis-specific IL-31 levels constitutes a highly sensitive and spe-
cific assay for the differential diagnosis of TPE and MPE. Further studies are needed to validate our findings in 
larger sample size in clinical settings in the future.

Materials and Methods
Participants.  A total of 134 participants were enrolled in this study. One hundred and two patients with 
pleural effusion were consecutively enrolled at Huashan Hospital, Fudan University and Wuxi Infectious Diseases 
Hospital from January 1, 2011 to May 31, 2013. Fifteen patients with pulmonary tuberculosis were consecutively 
enrolled at the Wuxi Infectious Diseases Hospital from January 1, 2011 to May 31, 2013. The healthy controls were 
recruited from volunteers at Fudan University on August 16, 2015.

Tuberculous pleurisy was confirmed by pleural fluid that was culture-positive for M.tb and/or a histologically 
confirmed tuberculosis infection by pleural biopsy. Probable tuberculous pleurisy was diagnosed based on one of 
the following criteria: M.tb culture-positive sputum; M.tb culture-positive other biologic specimens; or positive 
response to anti-tuberculosis medication without other possible causes of pleural effusion40.

Patients with pleural effusion who were diagnosed with malignancies were also enrolled in this study as con-
trols. Malignant pleural effusion was diagnosed based on both of the following criteria: (1) M.tb culture-negative 
pleural fluid; (2) a histopathological or cytological diagnosis of pleural tumours.

Pneumonia patients with pleural fluid exhibited symptoms (i.e., fever, cough, sputum, and chest pain), 
their sputum was culture-negative for M.tb, they exhibited exudate pleural effusion, and their acid-fast bacilli 
smear or culture was negative. Their chest CT images showed substantial lesions with pleural effusion, and the 
anti-infection treatment was effective41. Patients with pulmonary tuberculosis were sputum acid-fast bacillus 
(AFB) culture-positive and treatment naïve or treated with anti-tuberculosis medication for less than 1 week.

Healthy controls were IGRA-negative and exhibited no evidence of active tuberculosis. All enrolled partici-
pants were HIV-negative, had not been diagnosed with cancer, diabetes, autoimmune diseases or other chronic 
infections (i.e., chronic HBV/HCV infection) and had not received immune-modulating treatments.

This study was approved with written consent by the Ethics Committee of Huashan Hospital, Fudan University 
with the approval number of 2011–247, and written informed consent was obtained from all the participants. All 
the methods were carried out in accordance with the approved guidelines and all the experimental protocols were 
approved by the Human Research Ethics Committee Huashan Hospital, Fudan University.

Specimen collection.  The blood was drawn, and 10 mL of pleural fluid was collected from all the patients 
by thoracentesis under strict aseptic conditions. The pleural fluid was centrifuged at 300×  g for 10 min, and the 
supernatant was frozen at − 80 °C for detection.

Three sputum specimens (spot-morning-spot) from each participant were collected, and M.tb was detected 
with an acid-fast bacilli (AFB) smear using the Ziehl-Neelsen method and mycobacterial culture in both 
Lowenstein Jensen (Biomerieux Inc., I’ Etolie, France) and MGIT tubes (BD BACTC MGIT 960 system).

IL-31 levels in pleural fluid.  Multiplexed bead-based cytokine immunoassays (Bio-Plex cytokine assay 
kit) were employed to detect the IL-31 levels in the pleural fluid. The detection was conducted according to the 
instructions provided by manufacturer. The result was measured on a Bio-Plex suspension array system (Bio-Plex 
200 System, Bio-Rad Laboratories, Inc.).

The whole blood IL-31 released assay in response to specific M.tb antigens.  The whole blood was 
stimulated with M.tb–specific antigens, including Early Secretory Antigen Target 6 (ESAT-6), Culture Filtrate 
Protein 10 (CFP-10) and TB7.1. The test consisted of a negative control (whole blood without antigens). Two mil-
lilitres of venous blood was collected from each participant and aliquoted into two tubes (M.tb-specific antigens 
and without antigens). The samples were incubated at 37 °C in a humidified 5% CO2 incubator for 24 hours. On 
the second day, the tubes were centrifuged at 3000 rcf for 10 minutes, and the plasma was collected and stored at 
− 80 °C until the IL-31 assay was performed using a Bio-Plex cytokine assay kit and R&D ELISA kit (R&D, USA). 
The IL-31 levels of the un-stimulated tube was considered background and was subtracted from the results of the 
antigen-stimulated tube.

Data analysis.  The statistical analysis was performed using GraphPad Prism software (version 5.01; 
GraphPad Software, Inc.) and MultiExperiment Viewer (version 4.9.0; Dana-Farber Cancer Institute). The data 
were compared using the non-parametric Mann-Whitney U-test. Significance was inferred for P <  0.05.
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